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enzyYymh8huseduci ng tolhéd eliauitg@teWiebchengsynt he
ot hteel o me rsi cc arne ppeeaotimo & p owittohs ipsot e natsi al

an antancer I .nltter &la . ébhedepnh o wn Ghadxrxupl e
i nteracting compounds wirnthi bat hit‘/@l omé
St abntgheoifiofir mi ng sequence i n ctahreb-olxwrha
modi 61 ewddedc ar m@amot ubess b &9%&Nhboewvenn t o i n
tel omerase, followed by t o métehantmndc ap
t htee | o meatiagaf mif ng s elalde®ta u'fbut whet her

bi mdoti f structour @ usstercsa fndge del B M AL theast i

neefdurt her .expl orati on

Oncogenic Promoters

I n addition to-cahenitcedlomPBNASsS St noat ur ¢
oncogene promoter regions. -m&evdr aflor ann
sequenclkeesemavteudi edYCA®Bc2‘@NVIENGFanod c
ki”¥°

| 602940 HWE-MYC tr aniseontprtalolingd |l lyy s@gsienced
t hPel pr crmdtl edl easei thiype r sleemmelmtic 8(nNNH )t s
oh 27-phaseswhiuabties bothoaGohraipdnei’ 7 §
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|l hn eixiprao i K Ctreo,tpiafs e as $ r aanpstb f i *6(npeH

a pH value where 50% of thenoDNA pdpuwlce
which is rebahnhewvel §lacdcapstebi: tbi: dn 9,0 0lpt t o
8 hemobt omad esldfHoiwrever, as ment,i omietdh itnt
hel p of Jiamrdundedgdaitalviey s openi eno icl icrogadi t i
cellul ar Lauamteeaxte Hur | eg¢M¥C gproaumo tséhro wies
form a dnotfiéremtruicture at neuttPhatpH w
studdesati fied htawbd pCGrbiecehi nssi ng-M¥Cs NHE n d
I nameégeneous ri bonucl eoprotein K

nonmetastatic H23%  soform 2(NM23

GCGrich segakbeefowgcmad hBdt2 sl tpnt dmeoitCem ,

sequiesncabl anmmot fforant ructure wi trB6H%2 hi g
The -2B-oib taidfoptlsasas 61Cl 6 | oowi tlopal bgghl ¥:
equilibrium towar‘*d¥Hual dpds pgnocwpreciodiuao
| i gseNnSdIC 13 8a8M3@ 590EV §urtenai e 6 a bnlteavritdoht

t himotii f for mi®°NgCsetgoeademathiee structu
NSC 5bRPihfs a hairpin structure-mohtiich e
Further experi méBecxs mAhMAvedx prheastsi-on |
regul ahedsbwbiimoit Zdt iséom uarftegrud aa red dowrc
t hiemot i f struct u¥®@hiisdtioc eat havigence t
guadrulpil gaeds tthheadtmifgat gett havabil ity t

gene expression.

H H
9I3VeOL
~
H H

NSC 1398948 NSC 59276

Figure LifGands intemaciidfndgowimiimgt2se qiue
promoter
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A foupowdy carried out by Hurl eyods gr
conver 2i-magt iBfcli ntfoorim,s hhmRNPR ilnLh n RRMP an
Kt hlait ndaMYtCo-qacadr upebekie)§Tha&.okiisat i on cor
of hnRNP LL2imowardfdwaBaldep®is@irG§ede pl a
resonaiKde-mMoia f was 1DodwmipiMtik@f mehsei ng !l e
strabMAdvat 9 *FugMer studies showed tha
doani ns of doOmRINPi Lut e to the -motfAfisng an
resuhé current wor kt ngn & gwapid phicier eesass € h e

consequ-emntéefot®diol ding.

1. 3.Methods for enoatf actesicsiung i

A wide range of biophysical met hods ar
nomanoni cal secondialrex addplhest puesanted

commonl|fyo-moieidf r esear ch

FPrster resonan(cCkEREINeAmMglyt tm@gnsf er

A FRENAmel ti ng reosusparyn esasrey a0 st udy the st
t hef fects oft heéi gam@gu aodryu pad fémoe $°Th e
experiment i s calrdrynretdh eosuits evd trhu alrdaii d ia
fluorescent Ssubstituents oforeidx@mpleen
caboxyf |l eFrAedMe Cc e IFABIN be ctotinlh & g b & ed@
carboxytlehodm@i AMRAr TAMRA taleedBi gur e
1)t
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Chapter 1 General I ntroducti on

FAM TAMRA
(6-carboxyfluorescein, donor) (6-carboxytetramethylrhodamine, acceptor)

Figure Chemical BEAMUT&AMRAe of

I n t hihg&AdMalskeortbphaves as TAAMRAn crer wleisl e
acce(pgweaehc h&whheeNA eanf ol ded, i rntherrac tiiso n ot
FAM dAMRAue to a | arge di Bx @infcAevh dgerttovuepe
at mMmMmbgrvesemosfamom aftAMb 1 7 thileNAtnrciect ur
isf ol , AN an elsa gd epdr oheil bteAMRA egiToaup hi s c:
exci FAMG mMm5r dshthlet £« MIFAM an &dfLquemcheidr
ad replaced by TAMRA eanti s § BkOnno wvehfe RREST

phenod®muarn ng the procesys,t htehedoemoerr giys |
t "AMRWiIiaa nroand i abl-deiepaodliep it e heaticenbet we
donor capdoawti idhimhbgeo GMhej FRETEwff i ci
can be descri bedhenatdthemanceablkeyween t

( Equ at b thechdngelin)fluorescence of the dofinguation 1.2§2

Equation 1.1: ©O —_—

Equation 1.2: ©O p —

WheErgeirs t he FRERI se ftfhiec idd rsd ya,n cTeA MReAt, we e
Ri's the F°rswler @i tshfeenre mee tgwehebr afalsu osr &
F4i s the €&l abr EAMeinet TtANVER R e sfelmuserc e c e n
of FAM in tThAeMRaAb.sence of
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Chapter 1 General I ntroducti on

By selectively filteriimtge ralAdA ymedafs, 1 rainn g
i ndi catownmuwtd h2NAf populsatfiodmed can baf

det ermt hedchgnges (iFn gfulrieorle 8Scence

Forster resonance
energy transfer

' TAMRA “aie
FAM excited emission at 580 [
at 495 nm \ glAMRA nm

Distance between
FAM and TAMRA
is over 60 A

No Forster
resonance energy
transfer

Changes in temperature or pH

4

Unfolded DNA sequences

FAM excited

, at 495 nm

\ FAM emission

at 517 nm

Folded DNA sequences

Figure Adi8Bagram ihlowdststatri ngsonaan&mr en

monitor folding of DNA

Di saoagsiation ofcahnigenachieot ed emw i ahaimg
or tempeTwmhemsmalbi | i ty odfi gao npsctrl teuoat tu udreee

be assessedabhg omemmpgaer immeg t(Tmnagf pDNA,t t h
temperatur e atsewhinadharb0 % tafuast lua ref glodeuc
singl e®Y%ddiatnidfdnEaT Icyan al @ato & es tagptpil ® etde r
i nvestigate the fol dnotginfochanfjohdi bher

or adding a |igand

UWIi s Spectroscopy

Ol'i gonucl e tuird emee a@nrdt giynrBiomwihd solie o bl slei
arounam2@@ a charact dmirsotmact i gn @ yer tHy \
property is @malUtlecsedr e @}l Wd d giknitodgri @ n s
bet ween nuclphemaosnesad ffeximmpl oyed &andi de
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Chapter 1 General I ntroducti on

i nvestigate DNAhamF#smr niantei o smit dyf\s o f i
absoripgaordmay recorded f f%Vime and@tfi df romi3n3g0
sequences bienctoomeatnfi dilhd esdame s mictr € aise i n

a4®m and a decrkasce FHY ad951 hke/i BRET

spectroscopy can also be used to inves
oligonucl eotides. -iosvevypectresobpyg may
by | abaodwhi omscommonly occur . the s

Circul ar (DGx)hr oi sm

Circular di ¢k oilbsuttii péné msd opvwrei ment al t
usi ng circularly pol ar i s e dna oelbliceocl t orgoi ntas
mol ecul es such as peXtiigdensuc he@dt i uecs!
macromot bptus €esss different gl yyaxoisd idd
torsi oabsamigtaentsd fhtanded pol arized | ight
be measuredeanpd rqaeddti PRé%i ed t y

Foni mt r amormeaetdidlddaar acteri sticl @peospddtvre
peakk 288 nm and a strong negaspeet pem
fori neslse anded DNAa med elcad ep diaist i ve pea
negative pe®d&D actan25me nemmpl oyed as a d
met hod t o moniamal tchhea ncgoensfeodr nmeant eneoh t b v r

l i gand interactions.

Nucl ear MagnetNMEsResbnascepy

NMR spectrbsglepyleixgpiean menealft dtee csh nuidgyu
ol iugcolneot i de secondary sdymamiuec ej nfpaorol
stability, atomic resolutionistfiotare
aCl Cbhasetpeiimino proton gives a reson

t htewo amims@gi peotredoomn®&e t q wlcidnh plpen
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Chapter 1 General I ntroducti on

consitdree edhar act emogdtiifc s¥irgurcaludletsgst ¢ e
pairing, the characteristic peaR®Plassi
whil e i nCrai c(Washasne pairing, this char :

from 12 %®o 13 ppm.
Surcfea Pl emon &®Pfepegctroscopy

SPR spect moptdmukeidsi meetadhgHbepsdet get i n
met fod binding affihlty medh&minegmi cs s
changes in refeasbdri v(swerihadielec enddbly yn dli isaga
or dissociation. | nt aaghg ESHPgR neuxcp eeroit mednets
for mimog i f sarmcocctowradlsent |l y attacbaded o
sensohei demmobi | ioddd omiuickwash éd esonti nuo
runni ngnbdulf dser | ighhebpbfgoidspl achcerorwd dhth
angl e tmoe scorpehaatsemo M h e ref¢cenct @idnsl i g ht e
detectable inn8PResegnel baBdg addang | i
buffer, the inter adatitomn kve i haesdmc hlraiegyaems
the inter’@8ymenasewarbidmag nwad ryisd tnigons of r e
on the interf ergeanrbde n iiammfglo r dneatt d lwina dsiuhcgh
consanadgditesi ¢ hc amekd tregyr.mi ned

1.3.iMotif binding |igands

Compar edl atroget hei-pu adryuplfexG i nt €ftalce i n ¢
nummodgmati f bindineg |lii@ratngddsa i hsa ngaufi u l of
have rkegabr t e i nt-rmo tajchkis gwi)rt ehA diaordihBed-2 - i

mot i fctiinngrdmoenptoiumned | (NSEe dt3)9eBB 4B.f3 .t
mo s t p rloingsanrech € ¢ aroldd ¥y lewjdletaedbanot ube
( SWNT)This r easgpeencti $iisz ladl bllyee thar-matni t eé ver
i Bl ightly alskaHi wietSg @it & m 9 ¢G-g wand rwu pt lhe
and dupPAxpDN@Ros edf are cthhaindisstt atb | ti lsa tn ar
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Chapter 1 General I ntroducti on

0
e
S ee

H A

NSC 138948
N A
( H
N

A N
| H

BisA

\N/

SRS
NS
'Il/

Crystal violet
NH,
Carboxyl-functionalised
single-walled carbon nanotubes /{-1{\12/\ OH,
(SWNT) HZO“""H:\,,,, T |nu\\lOH2
v (
Hzo// \O /\\\OHQ
H,0 >/\Z"]"2 OH,

/T ;/\/O Q.O O\/\Q/\ H: o

tilorone [Thy(pL-HVal)4(H,0)g]Clg.2H,0

O or
NH, CI
- OH O HN >4 12

0]
\/\N
) l 0
O OH O HN + _

) OH
tamoxifen mitoxatrone

Figur Repb.o%amned grloawplsieigrwhdsch have been

i nter a-mbot wf 8 h i

18



Chapter 1 General I ntroducti on

bigsdt ogetnlle maj oriimgt obvehbfe thacbadbowy
nanot ubewiitr®e Chaacsde vpeal est roséenat egper iLa
shodtehat t hiccaan amdtt bb & nélrhaeatd poir @hyr ir
TMPy B4acatnher t himigrmach-miot of s with a dissoci
eM. Unforittummdtsediuypi eds PMdn d-qG@ @2dr upl exes
eM) , TBIByYy Puasslke | e atnidv ibinwmtdisf inuch weaker t
of DNA $diCryst athawsi degoira emhotdi fi f or med
apodytisdeiguedBmuae éoi hdaiglag nst ot her -mootrief c
structures ar’éirsodn otemeurmein tbeidnbda snegd 1d g
amcridine hattbreleetsusrteudi ed before. |t wa
stilkissheu man t edmomarfi cpHi®EOsenB. | i gands, <
phenant hr ol %%nned dteerribviauthsviccosme d e w enoyt i v

binding affinitiemotilfn boiurdigmrg ulpiy g anedvse
FRET mednd n®PR binditThgsest coimpodunds

mi teaotxr Qmniel qr anyer od rtdarncoixm me@mg mihteanx at r on
watshe most-meftfiécbpoadedeomibn g r okgo bawar ds
human t emootietr iad).!PL%he anwtii Il @raosnef ound t o

with a far Kiesakep!laffinity (

Given the gegprotnditinitgfe iiantueracti ng | i gan
the potenti al bilmdiorgg cab |l e mpd itcan g eotn st

to be done to discover new compod@nds v

1.4 Ther moadnyi cod i@gfonucl eoti des

Oligonutkeeadstatsxemdbl e i @at oshi gbeur es d
| odaler modynamic and mechani.dak ptapgegr
ther modynami cs includes bi ndi ngstaher
enerties, mechani sms and transfor mati ¢

dat BNAf @aslsfe MDPNW iogand i nteractions.
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Chapter 1 General I ntroducti on

1. 4 DINA saslsfembl vy

Singlteanded DNa&Ar emon@®tcubeable iIinthgueo
presence of hydrophobi c cmauwmcadssslefmibtaes e .
hi gher or deart hsetrr wbcettumreeesn t wo .Mmbkeeavhbé e
process can be eegpl a@®@edbsi hrebheenkbngsy

shown bel ow.

Unfolded DNA molecules Folded DNA molecules

Figlbr ®INA fol ding process pushi nilguntahne

tel omeatiictf iasr aot exampl e

Equation 1.3 000 g O0 O

~

Equation 1.4 Y0 YO "¥Y YD

| Equat itohne 1s.i4gn g&ddt e athfuema essdont anei ty o
Thadi s generally attributed to changes
bri digrest he process oént bBEAp we lafr &a ggeeennebr
negati ve i n -gduwapd reuxp {eENKAi, & nGf diur enatt ® onh e €
output in hyochaog®ahasandributes to the
which i s alesg;adgevreepat hg changes from a

an orderdéddwsystemto the (Whelleadengitdh
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mol ecul es, ammherhaugiferghanges is increas

Whet her Dhédehi @INAr str uct urdeest earmd nperde
competitati on (bgdtawed nle peifgid)acopnpm n e Bty s

changing the temperat ugGecamf rtehaec he my,i
ol igbroti desaekibaentswete ns tfaotledi.’°§ and un

1. 4. 2NA igand binding.

I nterctd&bmdi bhe minotPagreoocvhee btiwod eprr i nc
DNA i gand Bfimdtimeg.case of intercalatio
i nteractus!| eavolh-hseadbly, which reeuwnltthal pn.
chawhpel e the hydrophobicity ofenthreo pnod
chanflowever, for minor groove binder s

changes alhoretcomptyri butes to thé®major
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|l ntercal ator s apl dduement

Tel o memoitci fi
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Chapte 2 Develtohprnoeungth pouft aFIHiogrthesceAsshygt épeladtHmemoind Di spl ac

2.1 I ntroducti on

Despite t hech aicnt tthma tifighreelsde aod 1 a psetdi iy,
onllyi mited -maombériof er arced d mmrgd e mpfPutnide
Addanal lcyompounds i dentmdtiiefds $ ®fetsant ler a |
affinityuploaswagdadr@Gupl exX°Thtursysce tud @hs .

compowhdsh speci fwiiddnoltihbBata@a@macti ncr ea

i mportant i nmobhefsesearch of i

As described in &Sletthhsed DNA. 8x pvé& RIE Mg mt
used as a screNAimgi mgt hodamhadis. sHoWwk v
hasome | i Rirawil og®nucluwsoad dien sRRERET E&s s
modi fi ed eomof btohd saduwapheos ewiFABMU cam da s
TAMRA. These pwanaul sywdhsar omabh DA mMay
conforsmaé¢s piekchardtl ysequéfrae $ eat rheer easdedd .t i
of fluorophores tmor ¢ he x @érsnigihea b & Ihlaend
ol i gonu.clAlepoarthl @fisn lcReEITa b eoll liegdo n 8¢ Imagyt iad &
possess al tadfrfeédhi bi edrstDNAbi adasli ng8°l i ga
Addi t imelatlilyg expeheménnhg 1t agquisoaampl e
hydrogeni htoenddetgwer@ Cbase pairing, w h
di fferent f rporno qpdhsyssii weé ohlgamadlagib ¢ viemd su s e

otraditionaflorplsadreeagriadgerdi.ff erent typ

I n thia clagtearn ,n go mMmeftlhwar ebsacseendt i nt er ¢
was developed to identify DNA interact
i-mot i f .

2. 1. Fl uorescent I nter(cRallDA)t or di spl acem

Fluorescdentcal at oral #me whacaessmefnltyor esc e

repl acement , ied f eactsiivnep,| en o ncdoesstt c wgeh g w
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met hod to study DNA s eqque nlchea ssseal ye cwaisv if
describger by FBok '8%H e rHe dvaNérkeat ed wi t
fluoresdean(teiignutreerc2achalas et%ihdiaem!|ter @om
(THAY%and HoechBit g @B é&sads ul ¢ii qurgiffil inicoar nets ¢ e n
enhancceumento DNA interddtueos cent WNAND
agent was adddence drodindegllame escent i nt
oft hBNA ntercal ator dcaoosmpltdud t d@dr easmp e
di spl ackimgua.@®°By1 cal cul ating the decr
fluorescence, rel atciame aD NAI | bhinredti langg, saaf nf
when subsequent guantitative titratioc
comamtasy olbed abypwedal odtlhaet i clnain gueosr eByc e n c €
altering the DNA sequence, even mor e
bi ndi ngnuscilteei connci ds C®NAbent eavesltatgatrt
ethidium brcmoi @eiomsaahrgteh it he gapsbaisea we
exhibiticmgndrastinctheir respewetnen, f Il L
fluor éleecHiBB828® e s not bi nd DNA in the
i ntercal atminrgprroae o i inmhge e cciafl | nitmwe aanc
thymi di neb b esthipddihtasn c e d fi Inu car essi cei nl caer

to thiazole orange and ethidium bromio
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Displaced probes

() Ligand candidate (non-fluorescent)
Gap for k Q_i; ‘ / > S— jtc
intercalators — 3‘3 probes - = 3@, >
to insert ~ (non-fluorescent) 2 =
S ;{ ) ; 2{
f*:{j ‘? Space for [ -4 S (f%ﬁ)
3 groove binders AP >
A% 2% %
Duplex DNA DNA-probe complex DNA-ligand complex
(non-fluorescent) (fluorescent) (fluorescent probes displaced)
(b)

{ N\ - H -

Br N— 1% N H O
N

w a0

Ethidium bromide Thiazole orange Hoechst 33258

Figure aAXXampllawoofestentdiisnptlearcceabhbbAto ror

Sstrubdaumcmdmh uorescent probes for

FID aswhkiyest estabstsisaedednanaostbihned pi n
| atoeappltic@qguadr ulgtéxnesgs.eemecowfing an FI
thiazole ,o0rangeasym@ioniei,er sc many advar
ethidium bidanireées.cEmMe etrgoufa ntthui na zyosl eel dorrya
l ovir 2 4 1oae&bsence mwfwedDRren bo@nd t
guadr ugpd ke xeklsallbil eatt heDNAuant um yi el d i nc
t i méBormpcaor if 4 amor escence enhancement ca
i s oHlof’@ptart f Gouma d dbpoltudghxd azol e orange
a |l arge Stekestsediby.l1ghtsat 485 omm L
at 550 pnrno.p eTrhtiyst menpmesebli lotgaueceacdhe ng

I n a sfelruioersonmoeft ri ¢ st udi-Feisc hcaau Gteiiegdr ocoluugt
oramwges observiend rtaondluena!l atre lqauramriu@ | & x
(22ARG( A G):z3gi amnpar all el wionkas amiagphn

af hikKey2 . (1 1 d0OMY) 4amdurma mbli: glu osutso i( Fh igaumest
2.2Dbot"ankKd*bNiaf fmsx e t hiazole orange was
be excited at 501 nm and its correspo

nmith contrast igutadmromehexsekedr o6 four ol
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([ TsG)hatswo avail abltesbfodiamd aaz osiemiolram
af fikas t $.19ML, f oo f ethitdedi p'gTei p@sy di ff e
bet ween tdweasdr upMoe s st r e g.i olnhewss otskait dzo |
| ocanhes hfer dedooegpnd of hquureadir u pell eoxme rexce r& i
"stacknm @t B'ffchdodz or ange kierd dosN&tl ovi d dvu
similarKeafRilnlioctMB)2'The stoiafhitomeaz yl e
bi ndiongGadr updfewxretsherwi 4 thiMEiSeeck pe fitmment s
t seexperitrhentresult suggested a dnafjfoar el
obser wdtitohnn azol e oriann glth esit rod icivg b e kakr
mar gs wmgaolp ul aZ:MOn D&l mp.Texs mi ghta secwintd
binding site Whincditstkeiassmelrey omvearkgadnlt war e s
yi ét°d

Displaced thiazole orange

\ (non-fluorescent)

DA Ligand candidate
atges v
"/\(/Q L= @—s 2N

Nepz~rs
Thiazole orange @S ZNE A ‘e
o ﬁ:;?t,,; _y (non-fluorescent‘)(;i_'\‘\:}%’»} \_‘/ ‘ -,,\"\;““’ -Cpngy
P S PIRAD | ey 1 NP | et ;S I
2 e e

hTelo G-quadruplex-TO complex hTelo G-quadruplex-ligand
(fluorescent) complex (changes in fluorescence)

hTelo G-quadruplex

Figure Example of fluorescent hiumtaer c a

telomguiadr &pid ext ur e

After cohei bmhahdgng mode between thiazc¢
Gquadr upl erxi,c bToewaladieed o@fult uariseicernedal a
di spl aexpmemitvnegrht sdi-§tiadeopl &&x f or mi ng
variegsadrupl ex bitAdT mes @l uidgdar nidpsir.ed n g
sequencrecst weaset ri cted tobhtumaihs @ eihm®eaomleuw
pr eotnoc 0 g e nine ss,equec ki aMY dBIBR,s-gqBadr upl e
forming ,sequeanteéwgde h agaunagdeu lfsex@tsa b | e
FI D aAsdsda yt jtohnea |l lio/d a mga ntua@ | weaost a sdee? ;rJattim
t tewo pl ausi bl e-quiamd iUl exietses derv @l opm
highroughput screguma digu pniséh lo b w dgaug dcf&o r
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deter mi nat-Gaouwa drfiuntliegnabiddt i on's .
2.1 FRuorescent probensotiinftseracti ng witf

Givesurtlmégssasing FID for DNA binding co
i-mo thiifndi ng | i gands, we deabs dFeldD tadscseaxypsl
i denti fy-noitgafn dsst rfaddriesif @ r st st ep afnor t

i-mo tHIfD a sos afyi nidsé étlue r e s c e nmo tpirfo bsetsr u ootru
Crystal violet

Crystal taiphetyl nEt Ra)Bewi dlyed v abseldogisc s

stain damd bgroachkthe mi cal research

crystal violet

Figure ££h8mical structure of crystal v

Examples of crysomalkti i steucbund®*rpave
Ol i gonucl éols):G-8 Cvas s hown-mboaowiilfiten a5 sltaay
of nt er €Ehthaatseedapaipris 5. 0. Cr y s tsa li-maii i@l et
struwittulm ea si (Ki=l ald B2 ¥1f:idln isttyo )°&lsi smeetnr ¥
Gqguadr ulgfinextels absor ptiexmet hmda tditoanc

enhancemiefaltuoafescent e wmiass iodbmrs eatys8l &@vhm
violet sol uti oJaw Iwiago me rt°rGattyegptHawh itvii daCnegt
to a tet rmatm@Bd( A¢gCY-Bgavra si s v undoileedc ul eT deo c Kk i
in scal coloatsiudn s swumymmisiged ttdhweo enod 1df

(-38. 443 1a.nd7molaal bi ndirneys peencdfligwe liyn)s.er t i
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crystal thobkett et nmatoil fe c s haomewvter t o be
spontane@BscaebArant bi ndi ng e edteghpo.wsCr vy
great -omdédmogthitf seledbobubketygnxdovsrtmalned e d
struétoreddition, crystal violet was u

fomotif ¢$woracthdieeeepHel ect rd®chemical s

Thiazol e orange

Thiazol éTOyaangdewn nt er aa<notswst Welilgur e

2 4)1 1,B2-D2 2

Figude Zhemical structure of thiazol e

I n 201 ,giSthhap prHg p teextca dosl seregd | fmoetd fi f or mi
seqguendédi azol e orange dwas tdhev ehluematnl yt e
mot i fr epltahcyind gnkesit (Tk) u eomt t hieg u ra@dpltt ébre

exciwadsexshown to possess at s3&®mngm fd nudo 1
shi ft of 90 nnilatorpBcénd&eoffhieni siime yc¢ ie
compar ahbhthibézol e orange i nhelDidb&lrat ed
= 4 N'?2Tae floerd#sden of this excipled
prol omrrgeds4d9 which is hewem!| kingdampdehxar
1.88). This study suggested that TO ca

to human -meettdmer i ¢ i

I n 2®&®s1t6y d ymootni fdiunngf opat hways uwahawncaanr r i
tel omaotiicEshered with thiazole. oFrangaéai
study, single thiazole orange mol ecul e

tel omeri c s equebaecneds,,| |soubcpho pa sl la,t getrolwep |
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posilPAldGmModi fi ed nuclienot f astdschdppstee
sodium cacodwekeexeilwefdf art &d®d nm eém t he
thiazole or aege, aetnbdd aaBhoo pe |l 5, f lwiaosr es c
observed ateb3bhnmzahd whange was at t
11, fluorescent emi $%Biyomowadsdg oadh ngr u ehc
fluorescencemofliofiime@thiufrs TiOhdi vi dgaltyhewt
temperatur e, it was concluded that t h
tel omaaotiicf istart sCIWbadeupai ppi nmit i at e
formmriapi kg infel?dedi at e

Peedt .quad setdvloent her t hi azdil eeacteldy aes dd ot
| i gipt probe for 4momiam Z@HUM memheicr ireses
focused onoap'Rlgyianghitve O0ORG -itnoogtiicfal
compli?&hxi.azolee wasanmreviously incubated
motif in PB buffer at pH 6.0. A fluore
Toutna -fparemed humamo thie@fldo merci ¢ éfd at 4 8¢

Pyrene

The inteymaen énoantnidff spt ruct ur e s( Fhiagsu.rad sZ2o.

Figure&€haz2m cal structure of pyrene

| n 112,0 Kt nd easlc.aimb @ djy o n ubcal seeodt i ndaerc ¢ o tstrduadttou r
obser vtehdi afzoorl vet ho raa ngleourctl eero ¢(d TeBegl-&gh 2 2

Two adesmosieade ht he | oompo dievgii ®h pPdwearceende .c

buf foear, pfyrene motifscap bbehl eodswef et
i-mot i f formBedp TIHiIFs gera@pi ng effedt haer an
mel ting temperatur e o flgimmo dA I )i &rdd heel 1 g
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formati or apfprepyirne nteur n enhancedd4dipglhre@ne
(Figud)lePpr é6bes al sonjbegamoetdi ft of oir mi ng s
closer to human t eMajmema 0Oeperetamtods i afn ni
baseed,atppeH el ecitnr owphiyeccdpepwinde d uvudomne ne
t hymi daTA@& bopop and s uccesdsufceldl ye |l aechireou

wi almnt hraquivonecosunpsgiated to the oth

i-mo t'P %
(a) Thiazole orange conjugated hTelo i-motif b) Pyrene-appended biomolecular i-motif
a
5'-CCCTAACCCTAACCC(TO)AACCCT-3 5'-T"AACCCCT™AACCCCT-3'
Pyrene-appended
thymine
Increased structural
stability
AT,, = +23.5°C

C-CH* base pair —|

Enhanced fluorescence
(4-fold)

Pyrene-appended
thymine

Figurd&axz.ipl ex for med (fooro np vyt oha paezgod tee i rha

tel omeat{iBfyrapeended bimmdlidcul ear

2.2 Ai

Alhtou gdiu &d r ubpll @ xeesssays have been establ
are no rneoptBiIfDbsaséays. I'n Iight of the
assays that use thiazolandr ahgenbasktb
bi ndi ngndcsompowas proposed that a si mi/l

screening I-mgantisDBHAgai aStheme 2. 1)
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Thiazole orange
(non-fluorescent)

competitive binding

hTelo i-motif hTelo i-motif-TO complex hTelo i-motif-ligand complex
(fluorescent) (changes in fluorescence)

SchemeProposed FI D assaynodn fhuman tel o

The aims of this project are:

1) To investi gatua ttaofe |dpidftfeenrtefnatbiindi ng c

f aurseFlaB fl uorescent probes.

2) Tocharatheribsedi ng pelopetred eklswd it ddhee
human t erhotmiedr,iecviail udaitreg st oi chi bimetry

motif,g @ifdeidipt pesi bl e strfub&eotalf al't

3) Toap ptlhgee | efcltueodr e sceanfE | Pradseay nwi th so
mo thiifn ciomp gt wd d e tmernt rhioalesr fd@m p pbnsostiibfl e

binding compounds

4) To esaabtigmoughput | i gamdirusname & il mgner

mo tuisffacg mpound | i brary

2.3 Results and discussion

231 Screening of fluoresmdahRifDpasbayg su

l deal ly a f | ustroe shcaewvne g rdorbaes tniece dc hange
upon binding At i gbepudleggatnindenyyg. o6 t he

guadr uptrmeoxt i &ndf | iuo rweesrcee nad o npsri odbearserdi ,d i inre
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orange, ethidium kmdpydcenet bapst al( Fv g
Acri dinandr atnbgicodmiudre ar e b od tha Eitrshei dd i ausm
br onhiadse beedf @dsor escent probe rephaceme
FI D aprsawilédif¥9Iiny the early stiudtyer o&l af
di spl acement adbNAdaocurbildei nle e lpbiecp o g taendva a s
i eof f ect'fWewawer., due to tshetweenctoubal

aneénoit i f, ager iwdaisnentuirdddenrcende of t he cand

- | \
Cl
hoUeh
\ X
N = ‘\
OF
/N\

thiazole orange crystal violet

(L
OH
~ = -
v Iy U

ethidium bromide acridine orange 1-pyrenemethanol
Figurd&l 2o7fescent probes screened in fi

The compounds wemme tassaeagsddhebyhange i
addi tion of humanmni ftelfomen ng , BENA (
TAACCACACCCTAACCCTZXACCat pH 5.5, cendit
motif strucfTheesitar e@oabsstearbiee .any change
such as fluorescence intensity, excita
bi ndnsTetlmh@® rséhowletd t hat thi deamat bcahbe
enhancEehtmtadf)t er tbha-mmativinfglh doncentrati or
(Fi guagyHoRe eer ,exci tation bangd sypeaaakiarato
Stoke emliyt2bfnm, dwhiehemnts meamfr éemarmnut
fluor é8C®Emice .mé ghtrtelsaul taomtf that thiaz
experiment sl os e ley tshteartc lkeemmdg i dof n
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— 0mM hTeloC 5 5x10° — 0mM hTeloC
— 2.5nM hTeloC . —— 2.5 MM hTeloC

— 5 mM hTeloC = 4X106' — 5.0 M hTeloC

450 500 550 600 650 450 500 550 600 650
Wavelength (nm) Wavelength (nm)
FigRBr&l uorescence-i-neatiisfs iicotntnpohi® xXTsCo di u m
cacodyl ate buffer. TheTlhsiaampollee woars

i seM5 a) pH = 5.5, b) pH 7.4

Bindi hgpanoél ¢ haridmogieinft pH 7waa |bsuofufdeive d

no significant fluorescence wag¢$Folgseryv
2bdThi s can be expl'asitraecdk i hyheutstiaanclagaelko m
i-moti f f or misngnosée quyefriocdiedteld e caotn f poH tma.t 4.0
unsur prwhémngeH t \hadtaabe. 5h T dlem&twiafs r i gi d er
t @r ovsitdremm'gst acki ngndeftflreuwedt menhBhoor escc¢
t hi azolAen oardadd ghei loln ad h o uil s &srpoeoent st ahoeb seent v
at 53 trhman omi gndi/t3y odf t he highest
Thus the emission peak atadgétnfmoshdblbl

screening.

I n contrast, attemptasuhresutticles sAlhtemopgl
violet had been dvamdnrcgytorli agtiende tDoN A, n tweer

useful changes in f 1 uo(rFeisgcuernec e2 .09n) addi
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(a) . (b)
5x107

R _ggmwmﬁzcbc 2.0x10 1 —0 wM hTeloC
By 5 | — £ _ —2.5 pyM hTeloC
:_ 4x10 — 5 uM hTeloC S 4 50107 —5 M hTeloC
® 3x10°] % q
] . 2 1.0x107
S 2x10°- £
[+
: £ oo
S 1x10% £ 5.0¢10°
™ =
('
%00 550 600 650 700 00 T ' T !
Wavelenath 500 550 600 650 700
avelength (nm) Wavelength (nm)
(c) (d)
12x10°; 0 i hTeloc 8.0x10° —0 i hTeloC
. —2.5 uM hTeloC —_ —2.5 pM hTeloC
5 —5 uM hTeloC S 6.0x10°] —5 uM hTeloC
< 8.0x10°; <
@ o 2
Q 2 4.0x10%
2 . 3
@ 4.0x10" 1 » )
< £ 2.0x10°;
= =
™ ™
0.0 T T 7 0.0 x T . T T T T )
450 500 550 600 600 625 650 675 700

Wavelength (nm) Wavelength (nm)

FigRBre&luoresent e-mmostsiifonc comip Iperx bien pH
sodi um cacoad)y [[aetteh ibdui faEM rb.e ® i de d =
490 nm; b) [ aeM,i ckcixrca teerdamge |49 n
pyrenemebdManekli £ed at 440 nm; d

y

eM, excited at 580 nm.

The fluorescence of ethidium bromide &
70updmn ndi ng to hmotainf te@l ommebiimding), Vv
for a potenRiigaur eF |2D 9aas)skanydp (Eiregnteha@a n®d 1 9 b
fl uor esc e ncyeadetc e re atsietdhr ahtui moannma télifagme rei ¢
2.)0%cndicating a fluorescemhtaugsieblcédi exgp]l
for this pimontadrhie ncoonn diest hrat ibouyfrféenre dasf ttea
human t emomtriidfrei s aime phenomenon occurre
as WwWeolrl .crystal viol et only a very w
when the sample was exdhutehde aat hbe8r0O fnlnu
probsetsed ef ai | ed t ou pedxfhliuboirte secgeunacle &plriogpl

oramgeummary of the fluorescence prope
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i n TaWDlue 2.01.t hese o0bgdeéri vaedylewhsen aeattteerd -

the f Into pfemrd efsu rutdh eers

Compounc Excita Emissi Fl uorescent
( nm) ( nm) enhancgegWwment
Acridine o 490 520 23
Crystal wvi 580 625 70
Et hidum br 490 620 12
Thiazol e o 430 450 11860
lpyrenemet 440 470 -7 4

Tabl e FA.ubrescence probe screening upol
[ hTel o€M, H p odMe] Buf ber : pH 5.5,
cacodyl at e.

FluoresmckRarmeembnhzof e omamhigfe ipmai mg

Fl uor escent enhancemepnetr fox pnerdi memt s o lw
Tasnim Mahopndj ect student Ipnr eovridoeurs Ityo
t heen hanc efmeunctr eosfcence upon bimodaklgquoth
ofpreformed huimonwdeéreed ometratedthntaolae
oraagepHeSuwigt a steady increaseThins fil el
suggestconc ednetpreanbdiaondti n g e vtehnita zbod tew doerna r
hTel ¢ €Ei gur)eWi 2lhd@ui vafl emtdded DNA, t he
enhancement WwHa318(cAun Bthd vbad ent &B(ghave

e

U.agnd temecemennt started t.o plateau at <
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_8x10°
2 7x10°

450 500 550 600 650
Wavelength (nm)

FigRBr#&0 uorescence emission of thiazol
5.5 in 10 mM sodifiu®bpdlac¢dhyledD€] b

2@GM.Sampl es were excited at 430 n

Additionally, the interaotiidn fofr mi miga:
fr otmhceMYC pr o MM EESITCGCCCACCTTCCCCACCCTCC
CCCTCCQWA waalse @ a mibryama | otgioturgaxt g eorni md@ he s
results atepncemday@drnfdiaunotr escence enhan:
to bhaerved for h)TE€hio€ ¢ &ghapets etelde. 1FLI D
devel oped on thi azoimernotainfg ec awmi bdbheh baupnpa

i-mot i f structures in the future.

450 500 550 600 650
Wavelength (nm)

Figurd&laokrlkescenceaemwmil €sioomanghyY @ hatr apt H «
5.5 in 10 mM sodiiu@p#MacdthyebbD€] b

2 OM. Samples were excited at 430
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2. 3.Ret er ntimd nbgi ndi ng asntdo iadolffii aihd tarzyo | e

After compfoitremifth gadtzloéaes drhaendeé uomestacdnt
FI D gsstahye bi nditnhgi apzroolpee raotri aensigpedtiitetewdaerdd s
todee ermMmvbEemdased metlRodsed to characte
bet ween -moQTdmed ei exper i meditns cwe rl ea bpoerraft «
Joe Neaveason, a project st udreenste auwrncdher

the | ab.

Continuous Vamninattiyem sBi ndi ng

Using the met hvad i afti oontbarmhdong naahal s
pl)wi th UV spectroscopy we werethbheote
oranbgiendi ng tanothfPel @aC tihese experi men
concenttht aenlaenfdormihegleoC was$, képt ¢t baes
TOhTel oC varied. Using maxi mum concen
in 50 mMM sodium cacodyl ate buffer at

UV spectlrnoskioguwrten e2 .p%eak at 505 nm inc
orange was titrated with thetb@daakdCwheb
t hceconcent ataitiho afz olteth Toerlaon@G ewas ar bDlued 6
resul tingdiachteldota 2: 1 bi(nHii ghw). &haizsi o2
resmaytgge@aant -enhdckndgnlg mode beneiwemnsnt i fum

and thiazole orange
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(a)
1.0, [TOJ/[hTeloC] = 0:10
0.9 4 — [TolhTeloC] = 1:9
—~ 77 ] ——[ToyInTeloC] = 2:8
D 0.8 —[oyihTeloc] = 3:7
- —— [TOJ/[hTeloC] = 4:6
< 0.71 — {TO}/{hTEIgC} =55
© 0.6 —[TOlhTeloC] = 6:4 505 nm
e 0.5 —— [TOJ/[hTeloC] = 7:3
.94 — [TOJ/[hTeloC] = 2:8
_g 0.4 —— [TOJ/[hTeloC] = 1:9
2 ]
5 .
£ 0.3
‘>° 0.2-
D 0.1
0.0+

350 400 450 500 550
Wavelength (nm)

_®

U
o
o

i yo=-0.5358x+0.8506
m experimental data

©
N

y1= 0.8446x

©
w

o
=

0.0 ————————————T————
0001020304050.60.70.80.9

[TOJ/([hTeloC]+[TO])

UV absorbance at 505 nm (A.
o
N

Figurea)2-WN8 asopfeTcetlacmm@ t hi azadl e Hor5arbge n
sodi um cacoldyVlatbe Pdhhoftaf zdad re tor ange

titration, indicating 2:1 stoichi
Uv titration and curve fitting

The ndi ng af ftihniiatzyo |dbee dowleabrasnd ® C was det er
titrations. Starting with 5 OM of hTel
smal | althgaa o $svweeorber atnigter at edg i UV asige d thre
taken. Usingmehé&®d& asypesmgalriec binding
bound versus TO concentratsboi whsogqehe
data was fitted wiitthe an n(di dagRre@dedti ve\
t wbi ssocbasitkamt 3. gainkiM 76MBI gur)ecix.tliang
to a 1:1 HKHiEmadiian) omndosPedll souvatet)emuie di (dF
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give a good fit to the dat a.

g0 0 QQOE Q
p U 0QQLE Q
Equation 2.1 P

Whedes the fractionKoft hlei redqiurid i e a s1umr

constant for Ki=Hhk. bhndiuegtugpi tode .t §&t2 mo d

L 0 QQOE@ LV 0 QQLE
p 0 0DQQBENL 0 QQW

Equat.i2Zon 2

Whedes ftrhaect i on of ;bKpi#ndtehgguime eoguruend as
consftamtt he fi masakk=bhedieqgi §i bej um assc

fo

-~

sheicnodnidnkKg:cant de determined by the
const KaElKp)i.e. The results from the bind
t htawo t hi azol e barnadn gieo tldodPee ciu | e s

1.04
~
D I :
i‘:., 0.8
o))
£ 0.6
o
=
S 0.4 _
© Experimental data
c — 2:1 fitting
g 0.2 — 1.1 fitting
% hTeloC titrated with TO at pH 5.5
i 0.0

0 2 4 6 8 10 12 14 16 18 20
[TO] (mV)

Fi gurdWwWi d3spectroscopy titration of t
5.5 in 50 mMIaoei bmfédacodUV absot
measur ed .[ah T el 05N n+
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The experiments were also conducted i |
into 5a®OM M®Oni toring the .flITther e ecsaddd n
constambobsndehe® Haeme WhesdenresubhBareve
or ahgedasveiataé f it mind tciofrmp a megdadr upl ex and
DNA (which KibmotwsendH0d®B) . dhidowe teri,s i s
i mpoythedtahhms®iraaivgee t-motbi MdDNA too ti g
be more difficuldt for a |ligand being
previous assays with other DNA second
with TO binding with ssidwenhoanrs tarfaftienitth ae
i-moti f DNA strongly enough to observe

be displaced by a | igand.

2.3 Effeemoti f conformaodofonhbadoibrechion dg n

Experiments in Seetiinorc od.l 3a.bboread N eanp eia $t

a project student under my supervisior

Gi venmotiif forming sequence can exX®Pst ir
experiments to determine the nCatrucrud aa
di chroi®dm (aCD)echnique capable of-dist
moti f sstcrondaatybsesred®det o i nvestigate
t hi aozlteo ohrTedngpeC under different pH co

l' i gand is able to alterhweoti hfluence t

At and bel ow t(hpH teéd aaarsd t plasniatl 5ypedi ait @ m e
observed@288&8r oundccompani edarhoyymdefnant i v e
hTel oBoth chamatitfer fiddlithieasteiodsniignal s ar e
pH 6 compared to pH 5. 5motiinfdi grad § enrgt t il
pH 5.pobH 7At4 t he signal at 288 nm is al
fol deanmonttiof . At this pH the equilibri

random pobsbkhadinepirnuéiTuir@sol evasr ange at e
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hTelad C di f ftead einnv e@Hisi gat e whet her it c
DNAAt pHsibg f5i,cant changes in thewCDhseg
shift in the negative signal fweo ns i2ghnda
at 288 nma()Fedawaxre 2i.M4t he positive sig
shihtthe positinne tsa gxn7ad nfm loiam dRiBBa bd S €
are not cdmetstftennfwl dhmhpaor pcodswéer urci
smooth CD spectra obst aadfn etdh iwshzealiaet @odreagn
wi t h hummearnima fteiliondi cat-tdoit e sagna@ldwas
and unlikely to beThdesirgosals odulpdele
CD signal (1 CD) ,-i-nwhtiicfh Boscnedul rics® if of meacdt O

al ebserved(iRgurpdH) 26 iedv eprH TaF4 gurcga 2. 1/
reduction in signal amd &M8it hyaapheane
coupled with a cthoamigee tion ptdbbd i tsip eaganaall lu
positive advsardanc@Bs2edr vnend, aitn d3iOclat i ng
Toget ht hese f @atewrn gestt ignHl bine4 shows t hat
pH and higher concentrations of thiaz:
l i ght m¢sodhlag-mdohi f i s | ess susceptible

conditions than the same sequence at g

= 10 "M hTeloC pH 5.5
- 0.5eqTO
—_—1eqTO
——5eqTO

——10eq TO

/

220 240 260 280 300 320
Wavelength (nm)

Molar Ellipticity (x 10° deg cm®dmol™)

Figure: Zitdul ar dichroi(sletMwi t h at hioaz off
orafN@eoeMat pHOBMS5sodi um cacody
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= 10 mM hTeloC pH 6.0
- 0.5eq TO
—_—1eqTO
—5eqTO

A

O

20 240 260 280 300 320
Wavelength (nm)

Molar Ellipticity (x 10° deg cm®dmol™)

Figurke: i tdul ar dichroi(sledwiith at hioaz off
orafNgseceMat pHOBGMMOsodi um cacodyl

= 10 MM hTeloC pH 7.4
- 0.5eq TO
—1eqTO
——5eqTO

1 1
AN

1
(o]

220 240 260 280 300 320
Wavelength (nm)

Molar Ellipticity (x 10° deg cm®dmol™)

Figlkred 4Circular dichroi(sleMwi t hathomazof
orafég=reMat pHOMM4A4sodi um cacodyl

These experiments highlighted some pot
foriose#t ypleDassay; docapdnlt @weq vthimsa, laenc
of thiazole orange WNWNevertheressretbel

i ndicate thdathitalze |deddabsrtannagtre alft er t he ¢
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hTel-m&€twiift hin 10 micromosskbpasucoabéert fari

assuasnyder these conditions

To deter mitme awlo éceachmorsatragha il i sSEBNA at di f
DNA melting experi ment smenetrien gc oenxdpuecrtiend
I n addh TdlomEM¥o@fdwhi c hmatrief s that are s
aci dikl-BI3(5aCGCGCTCCCGCCCCCTCTCCCTCCCC
was al so examined as-physi ol O&li gtairep Ry 1
For compauadoump| ¢érGGHTTRA G®GGT T A GIEEFQT A
and doubl e h,ed&ThAdAIGC DINRAS ((1dB)TAGT A T8
werael so udiFeadgurn.geo2. Iheifi forming seque
experi ments were performed at -ntohhea ft rias
fol dea@a) aandgbH Al |l experi ments shawead
stabilisimgpteff ONAgamdIliessorofp Hs. e gRucern ce
addlBagw of TO to hTel oC at pHnOSLAE. resu

507 . hreloc, oH 5.5
45 - —»-Cc-MYCC, DH 55
40 v HIF-1aC, pH5.5
~—~ 35 T
9/ gg - increasing O .
£ g / l
I_
s —
10 ] //ir,,
O -bj;‘;} : : T T T T
0 5 10 15 20 ~

[TO] (mM)

Figure ZEZTWw5S concemtdiafnfoa@mefntf oir mi ng se:
TO in 50 MM sodiumt c gpdHoTd®y | &t «
concentration gMahlgesr d 3 @aeam t0 d ni

measured at 533 nm.
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The effecdthiofz odidelvaeramapteiec eabl e at t he
(Fi gur)eFo2r. 1&é6x dmaprigee, iamet easg t eBmpled at ur
(Em=12AB was observed ¢gw&nsMWiOl m a@eddiet ia
wi t h addi taMoTnO, o ft hee. 2tbher mal -mattiafoi F bt i
segesnat their tirnacnrse atsikd@ndalfy @IHR &wa&. 1 6
di f f era&lplcetswahaen di-mdteirfenfton mi ng sequenc
suggesting that TO binds a region in t
di f feroentt yvipels, i e. It -de®@iso m,0 t wibeetmief f !

forming sequences vary.

509 e_hTeloC, pH 6.0
454-s+-c-MYCC, pH 6.6
40 ]-=-HIF-1aC,pH 7.2 i

- 35' /
O 307 ;
=25 /
-
20
o 15 //A:easingmm

10-/‘/

5-

/;4‘ i
0 5

0

10 15 20 25

[TO] (mM)

Figure 2ZnwWw$ concent datnioenefntf oir mi ng s e«
TO in 50 mM sodiam dcaandyTitOatoam a
concentration gtMakhilgesr d 3 e t0 € i
measured at 533 nm.

Res uUulrtosm thkperi ments <carried out on h

sequencesalago psHHho/'w 4some degarse ec oonfs i sstt a

previous 2438t hogeanesal , dupl ex DNA str
be stabil i sed( biyg wydafitazeirloha ddlfi onfTgOnmaD,, 1
wad showabode€b@&n contrast, i nduced the

tel omguiadr Gpl ex bysiTgn infaisoanntesE.dbmil ¢ a
SBA@vas obswalven cM2T6 was added
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30 —uhTeloG

o5 | —s—dsDNA

~ 201

E’E 15- /
0 104 !/
/ [
51 {/{
G e
0 5 10 15 20 25
[TO] (mM)

0

Figure ERET mel ti ng deoxupbetreiamednetd oEDNNA a
guadrupl ex fowmit hgtT ©®pld n& n5dde smM
sodium cacodyl ate buffer. TO coc

eM.Fl uorescent emi ssion was meas

2.3 Devel opmemot iofft iEirEaid $ @

After condiimdahdgist lmigisle foff e lMtOmaom t el o me |
mottife next st egpmawasy ttowhdetphrpdébmwred TO cC
be repkcaaocddrddtyief bi n@ichhe mei @anlds

Using the information obtaineMofhrem t
anneal ednohtTiefl oiCh i10 mMM sodi ummcawadg§d a
thiazole orange. The equivahgecwabest et
2:donsi stént he 2: ldebiemdimim@BdmoBAdner2z. &n
equilibration pédrei csdampfl eS menet €ekeit e

fluorescence sgwecter a eocsfoantghdedt sraimpe tee r .

Il ni ti al studi es w ehrken o wimo fiof mebdi nd B h g«
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mitoxalt®dneaddimiitoxaohosegni ficant | o:
emi ssiom wasd4pvo0Bieguw)jead i h.di& ati ve of di
from the DNA.awDifdelragmede ctewae ntakt ulba
using EqUuURitgwpne 22 318

Equation 2.8 p — p

Whebxes TO di splacement resultingFofrom
=t he fluoresceii@enoitntfemcoimpy exf atthelt 50nrt
any | iFg=atntdes ; fl uorescence intensity at

candidate | igand.

By varying the conctehhdd ganhdononoaoteblBo gahnd
of the TO was displ gx@ylc abny bceo ncpeeltc uli avt
pl otDx @dganst [(ITiaggd eBRA2. 2r)e s utl i B Dkhfoonr
mi tmxawaes 9D . 8. Addi ti onalplryeviootumsdry Ific
bi ndotii f i n thei Wal bee agtdpmeixivg ma@ismn
used in tHeEi i guy®s R2oebdhieb MATsE mth . 780 . 4 4
eM,which is slighainyt orakEloaehtamer t wo
hav®D&ochi gher eMhasudggestkienrg bfiawrdi wega pr
compdrmed oxatr onel hansd stuiglawéeSg h B amd gyt
be abl e tactadeguattehryesteo-mdt t bs ki ndeéena
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e =
o U1 O U
o O O o

o U1 O
o O O

Fluorescence intensity (A. U.)
P P NN W W
a1 a1
o o

0

450

500 550 600 650
Wavelength (nm)
Fi gurz. 1Bl uorescent i ntercal ator di spl

hTedmoti f formand metgogatesne at
MM sodium cacodyl athM, buT@&M,r= 2t

[ mi t oxatibaVnTeHe SODampl e wansm exci t

- — TMPyP4
- 1.0 —tyrothyrcin
<- —tamoxifen
—(0.8{—tilorone
I= — mitoxatrone
(@)
Q (!
Q T
L 0.4
o
2
©0.21 I
O 1
— T
0.0 T . . . .

o
[

2 3 4 5

[ligand] (mV)

Figure Z2ZILOLdi spl acement hcTeeHwcoutFilaf® i s dya s
mitoxatrone, tilorone, tamoxi fe
MM sodi um c ac[ohdlyell eotsld, OfLT2fkM,r .
[ i gamnBgM=ThOe s aanspleexcwi ted at 43

f buescence emi ssion was measur e

47



Chapte 2 Develtohprnoeungth pouft aFIHiogrthesceAsshygt épeladtHmemoind Di spl ac

Compound

i-motD'Gc( C)M)

TMPy P4

Mi toxatrone

1.15N0. 15
1.92N0. 15

Tilorone 2. 47N0. 44
Tamoxi fen N/ A
Tyrothrycin N/ A

Table 2.2O displ acement hcTeeltoutFilafD i ashs dw s
mitoxatrone, tilorone, tamoxi fe

MM sodi um c ac[ohdlyell eotsld, OfLT2fkM,r .

[l i gamhBddgM=Thle sampl e was excited

fluorescence emission was measu

Adli tionally, TMPy¢ B #np ovahidbt hhnedrs ntood €tl h e

motifWwas al so studied.
FI ®&s s(aFyi gu)yvei t2° THE o f

indicatee wWhatp of

Al trhdiurgd iart f {shheot

NO 18\ urFt hevestigat
fclawcrewlbebtyn & le s osmrlpst i 0
TMPyiPdst ead of thiazfpFego)amigse 2did se |iarc
that UV absorption of the pogihtnddve ttsoe |
a 6geedchi ngbheseaohecking t heswWwduladbshhe

necesoaFybDedaonsdye .reliabl e
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!

Figute

Figure

UV absorbance (A. U.)

o
N

450 500 550 600
Wavelength (nm)

El @brescent i ntercal ator di spl
hTedmoti f f or mi nNIgMB yeddl epnHc e5s. 5a n dch
sodium cacodyl ate eMufff E@4M, FhTe
[TmMPy|P-4-6eM. The sample was excite

fluorescedrcepmpmadg namad more TmPyP4

=
o

o
o

1 nv
—2m
—3m
—4nM
—5nmM

o
o

o
~

400 450 500 550
Wavelength (nm)

300 350

PWRils s pelcmPyuPd oant pM So8i um 10

cacodyl ate buffer

I n concl-usuomnes meomt wtalsi a zoaulnede afola nbgeeceos ¢

when titr aftoerdmewmittif prte uctures at aci f
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emi ssi on was dettelcd esda mp| & 504 Oe xwdrietneAd
t he St oikremws idhiafstsaywheen veo ypopuasediroswol a5x
(a Stokebs shift38m 200 m mt legounapdarirgpdnedXo
ass$®y it is still pometbfewtobhcohdaezbol
previ ousliyndiidfe ndaa mp ceudnds wiemrod i tf e sFtl eDd ai:
Their relative bindi ng iafoftiinfi tcyant obwea rqc
by calculB%0O&egnd hehe r emsoutlitfs Flwma sis ¢

consi stsdutd awistuperde v it8us | vy

2. 3.bevel opment mufghpuhbgked eermo tFilfD as s
( HT MF 1 D)

Af tceornf i r mi ng tt H-eo ¥Hd fDu lats sfdanpoura r ihme me x t
stage wasTQ oasdea efl loyo r etsicteimt o usypdurp acdanti onr
FI D asnsaay mi croplTat estecotmashnaéd Vioabl e
met husd ng F IhDu nmeagia ntieshotraefi,c ¢ o p | a t-ree aadnedr p
wer e ABSBetc .| | PCR bl wa&hmsemopleatteo its
weV bl umereduce the amountT heHd| Gasanpeo u nad
l' i brary, was rdbbscoaurnceed Oi sc dwergy f3y o treom
Rob Field, JoamdohhaesnsCOBOet hgapdsyi 0
i dentmi ftioxéGtr one, tilorone, tyrothryci
eM( 1 equ)i addedhe dmbTemowaes wMt(h2 ledui val
TO in the sodi um wahk btdhyd astaempblueof edx® i ma

TheneM (% equilviag @mhdesmpomnd | i brary was:¢
well tohsecmeevacsplextce ted atadl3@fnmhand i
defined as the intergration oThélwvwal ec

of TO ditsiplwacame wlibkaq edt.i3chnow2bef or e. Th
compoweawdeanked accdxdiba @)ttbo Jtdheenitri £y t h
motif Dhedeestulpar i maom WwWad GBmmar ed wi t
FREMel ting based |igand scr mnagf ptehd
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addi tional experiments performed usi ng
Posit Compound Structure TOdi spl ag )
OH
OH O HN/\/’:‘HZCF
Mitroxatrone
POH8 . 85. 8
hydrochloride O‘O
OH O HN_~Q of
OH
Alexidine N NH
P9C11 : e e 82.5
hydrochloride NH NH HOHOH
o
P11H11 Tilorone AT 70.1
/N NN
) N
OH
P2B6 Tobramycin A o oL 48.6
HO HQMNHZ ’
Cl
NH NH
P1A3 Chlorhexidine QHWH H\/\/\/\H)LH ”Q 42.3
ol NH NH
CIHNT_N.__NH,
Phenazopyridine |
P3C9 . N 30.5
hydrochloride 7N @
Amodiaquine CENH &
P7B10 . auir HOQ 29.7
dihydrochloride orra N
harmalol Ho
P1A11 . ‘ 26.7
hydrochloride Nyt
OH O OH
OH
P4A8 Quinalizarin 22.2
OH O
OH O OHH o (0]
Minocycline WNHz
P5B11 . 21.0
hydrochloride O‘ OH
P3A4 tyrothrycin 18.6
P2H4 Cadmium acetate 16.7
Table RILB screening result orf hNleColGMbrany
[ TO] el . Pl izg.ahad]Buf fer: pH 5.5, 10 m|
Excitatid4oln5 rtaon g4e30 nm, emi ssi ohne r ec
data was recordedmbssthbea totegr at dml
I n the FID sTG®Relpii gigmdme tQwx@oanmnadi | or one
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werceonfirmed asFIthopditsiptfaecemelB0 %,byf ol |
chl orhexi di nyedrrondHR |8dasaxdl edi2ndep enc t Hoavley er
the laateerknnuocwine ot i de ¢ o,hdoe ntshienyg weeraeg eonmis
furtherTysoduildni ieesnd wearmeo xbh dtem found to d
the conditions of the experiment but

set for hits. Thilsoaif $ i a0 n §iasno etmer | doam ehrloi
mot i f diens cSeicbhteidon 2. 2. 4

Ot her DNA realalgetnd tshinsgpsl at i n pparde sceanrttb o @ |
| i bpreyigoausel yi a lp® e thoiiitvse FREITt i ng eRperi
howevedi dshew any acti viTthy bierc atutsew oR Ih[2
screens are measuring di flfne rtehnene FORNEAD g I
exper ipmenhs anoetid fiheatle@nt orndedrt ttohe DNA
the change in melting temperature on
i nterlactt mibdlAcabkyl atciamgl| detalgenbDBA con
by clriomskihsetgr u.elb weenertFHdd dashmaghani sm i s
on commpe midtiipdeound t hi azbhies owialnlgeonl vy
if the molecule of i nthdrse gad dinyslt a&triarcd sr

wi || not give a postsHoweveesult daoest
the tested |igand binds el sewhere on t
this may result in a false negative.

Int er e, gtoibma@almycin was fouRHDt ®c imeé tmbrthg t
but not i ndyt hFeR&EMTr edfsiisbauys mi g Hth ait ndif c alXl
FREnel tainmdg FI D vwsecrree emarnfgor med si de by s
coubaea reveahbetliarge scaFlue twigtoh sehansieae g

tobr aanda iscusas &e c.t8.on 2. 3

2.3P Assesshingghhrbe@eghput saor&etmomg with

The qutahTeOh y s ed FRIhD ohusgghhpeuetni ng can be (
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t h2d actor (Bquaast i oeman AP Zdvact bel gw.ve
i ndication of the statistpoaseefheah ¢

| arge enough to be called a Ahito or w

Equation 2.4 ® p

Herlge= t he standfarposdieviattheontamdaf d de
negaaddntegs=o tmeean ofal pecsonttarnedl=; t he mean \

negadadnter ol

Wh etnhZeiv al ue i s anetk. Wderns @i vyYyes a strong
positive responses from t he.!%AZsyaayl ueer e
| ower t han O hien dsiicgantad st iftvleantanthene@oat i
overl ap and will not providealemeos glhe tdw
O and 0.5 &anet maagiamwala.ya,l rtealdrya skynco w
mi t ox aweraenef f e c-tliDv es chiigte wiansg ,potsis@amml e t
a posititvheel ¢tweentwi dalh; only TBGeanhdabTal mE€
contTrhorehl c uvatseéaizh t hiwerfessmag Ot @& ®b e

mi t ox amtdomMe 97 f,orwhiodhwioityhasiinn t he range
1.,0ndicative of hatheitdsea resuéthi t worth

further é&%Xperi ments

2.F Assessing thewihtiht ScPoORmpounds

In coll aboration wathJiden KIChaee GC¢ mive
compounds werigPgR t suidnggpdecenArmbdenatel y
concentra@w)i omas( 50sed to give an i ndi c
compounds witihngli¢apalink i tbhibehsd.ghl mf f hn
| i gands woul d be e xipgehc treeds ptoon speviodvii dded s
target oligonucbeothdesenmmobaWi @é @i mi

compounds woul d dgAlvsee,@anaperotratriecsnesMmisgh e
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woul d be reaching the solubility | imit

In this BQ@Mderfi méeret Oihnmt bwd imgas disseah g
streptavciivpi mmabetiosgedyuypddldddifehoC and
cMYC-miot atpH 5. Phe swesmpeoensecor de danadt e
compared to the pr Rdakecdledu lba thedd nwii tnhe B¢
stoi ch( DaneltEaqyRa t4di on 2. 5) .

Equation 2.% YY Q

WherMWNigatashe mol ecul ar we;iM\htigeoofl etceusl taer
wei ght of the I mmobil i s eRIU, pgldihgeo nauwcd rea
respiombBEPR expemi menet sabs.anmsteoiod hil o gatn)
binding.

As shaowmdabdlhge 2celnt age of pr edi%Riapd ma X
an i ndibciantdoifrrf giOdarltly t h e tceogmpieotduonxdast r one |
hi ghewsti( 2BR5% f or hTedMYyr@a n2d5 3448 9% % drorc
helicallflDONkgd by (8@beafmpci mMmTe-MyYC, adad9
810% for doubTiel bedtnetawa Dbdfaghirhtede DNA t )
as Wwaltl notl gass tsotbrroanngy ¢ i n( 1aln6d%r rd ilottr &¥h&6t r o
forMY€Cand 233% for daUbeetfheatt i tciall o rDANME
hi gher affinity DMAvat ¢e rMYO@&aine chiéeli ¢ @
motwd sconsi stent wit®8PHRI&Y dabd $$RKAM i e s
= 1eM)!P Ot hleirg smucsh ladi agqgui ne, har mal ol ,
tyrothrycin failed to td»aeoriti fsi nctobnaprar
mi toxattobeamyndicmo.n sTwsittefiel s or escent i n
scredmi necti on 2. 2.5, pr ovprda onegd us eme:

technique used.
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Li gands % Rma {%)
hTelmmotii c-MY C-mio t i Dupl ex D

mitoxantrone 2125 2534 4894
tobramycin 325 420 810

tilorone 116 121 233

phenazopyridine 37 70 136

minocycline 29 49 95
amodiaquine 14 31 59
tyrothrycin 6 14 26
quinalizarin -0. 37 36 69

harmalol 27 6 4 123

Tabl e SPR4 screening on ftmemhtihe cImp o s «
hTetmot i-kMY,C-noo t i f and [dluipd @mxdeddDN A=
Running bhewfodéemwm cacodyl at e] = 10
0. Otbwoe e n , pH 5.5

Tobramycin was subjected toacfrostshear wd
concentamge omnd t he dwerse cfi @@3iN® nifM omes t
2 N6 . ®MandNA.IM or hTFMY@&ndcxdupPNA respect
(Fi QupRre calculated us(Bguat A%d Di &a)Xi ng

Y ¢ 0 QQnE Q
Y p U 0UQQWE Q

Equation 2.6

Wherdet he fracti Bp=tdfe riemsepgoumiglei bati um f

sens o RgKkAas p ogatsrationa’t?
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120

100 *
80 .
60 Tobramycin-hTeloC

g o ﬂ K, =22.61+3.7 uM
0+ 1 v ' - !
0 1e4 2e4 3e4 4e-4 5e-4
Concentration M
RU
160 "
120 - +

Tobramycin-cMYCC
a0l Ky =24.3016.9 uM

Response
@
o

0 14 204 3e4 de4 504
Concentration M
RU
45 .
+
35 ‘_'_,_,—'—'_-_'_'_'_'_'_'_ .
@
g2 \/ Tobramycin-double helical DNA
15
&Py K,=12.64+3.4 uM
x 5
0 1e4 2e4 3e4 4e4 S5e4

Concentration M

Figure 3R22itrati on osft thoThtlYaahQ, caond adguapi
DNA at pH 5. 5pRu®Bnb hcgd chadi yf leamt; e |
10mMsodi um clhOlOomrM, dtedj.eCel % 20, 5%
t weet 20, 5% DMSO

Thigf or tobramycin bindi-mgtitfo ¢thawalkudnar
the same ordermidfox akgo2ieuldM) 'However,
although t obmatmyfci sit rbu stdwsr s wel | , it
al mgsol d highempl ausi bieyexpbamoati phe
groups on tiwellt obeamyaawiimnat scpgrnadwitd iomg
mul tiple positive chargeosl iwhinwkdgamni c

phadodsapg e baicmkdbhoscea i mi nat el y.
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2.B Further studies on tobramycin

In the studies above, it was confir mec
highroughput screening. Tobramycin is
infecti onPscaudend nag!*fier pgombda anot he
t ecghun@,b rtamyci no bheTreditomogw afme a s ur ecdi rucsui |l nagr
di chrasi senFi gu ). Al i29.0203t $ obreartmgy ¢ir mil ®d OMnt
prfeor med humanmo taitd | poBnrbiace it obhamydei moil € «
the mol ar eof i pobcamgazsumrgavdasdmd ttt mehn s
t he subseqgfuse nsth oswpne citnr ap 0 g ut e v28 9 érmark t aare
the negat2%® immalcaatamol ecul ar-mbumén

strulftur e

250 300 350 400 450 500
Wavelength (nm)

~—~
<
o 18- —— 10 UM hTeloC
E 1 6 - = 0.5 eq tobramycin
N = 1.0 eq tobramycin
o 14 = 1.5 eq tobramycin
N ] = 2.0 eq tobramycin
E 12 —— 2.5 eq tobramycin
(@] ] —_— gg eq :ogramyc?n
= 3.5 eq tobramycin
g 10 ] = 4.0 eq tobramycin
= 4.5 eq tobramycin
© 8 ] = 5.0 eq tobramycin
5.5 eq tobramycin
LOO 6 = 6.0 eq tobramycin
— 4
X 2@
2 0
S -2
+—
o -4-
L
—
@©
@)

Figure 2.QiBrcular dichroism ti tsr aaiitohn
tobr amy iHhO5aM sodi um cacodyl a
(tobramycin $i ginedl ars uddtilrgap=tliea

was recorded Drom. 500 nm to 2

On addition of tobramycin, the signa

57



Chapte 2 Develtohprnoeungth pouft aFIHiogrthesceAsshygt épeladtHmemoind Di spl ac

wavelengths by 20 nm. This iswsotbhsi 3h
changes in the spectrum are not consi

mot i f st r uecrtsuiroen toor ac omavi r.%p®iTnh eo ri nucnrfecal

signal betS®G&nnmMOiI0s amdusual , but may a
the | igand. Despite substracting cont:
of Il'tgand, these signals remain, indic

arises on binding.

|l npraevi ous st udWNAof nt édiNeAa thyooims c 6| u mn
packed hexagonaln DXNAe cpormepsl eerixtdes ba fa myah rr
I S el ectboghdtiicmal i lyeDsNeA tcoolmpd usgxceits o I
multival ent cat onité®Theunsar ges aa thnaerggddet di 71
pol yel eictn rolpyacked for mamoobinf mayaal $ e
t obr amycimo tainfd stthreucit ures may bsduent ol

the presence of tobramycin as well
2.4 Conclasion

I n this cthragp e et , i at grlauat atacrsadi amlaa ae
t el omeatiicf iwasl devbeopgedel opsmevretr ad f DtNh
bindilnungpgreosbest wer e tsherid&@emesdeguudermce fro
tel omere, hTel otChi azto Iwea so rfaonugned etxhhaitb i t
Ol irugphtt p r o pbeo utya vinhTeend o Cu b & e g,H ethh degya rSg e

bindi ngTe¢ lom&€thiafs st udi edsillvg iennss pedtyr o:
Jobds &R&Mglsi sng amd odeixmpeceuliame ndis. The
t hi azolbd ndrsange hTel oC at acidic pH wid
afinity binding sis$ieK®mn@d3.ab lwk@aM edb dsée c
ONCD experi metnhes d ondficramatdi on-mofi huwmas
not altéeéoettadwhbnazwnderortammegecondi ti ons

assayRETting experhemenhhsr smmalobws tmolii lfi t
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structur es aidndcioté aosne daanagpmbdei coart i ng t hat
stabilizewomuftisprdctuorestepesal at or di
experi martve | wpreameae sk-magwn bii ndipm g ulsil ggan
di scover ed riomapt hpeo sWatltl%Edé nad h tyhaolosighput
motif I egandgbsanseetdh codn f F ol agic smptl aiceme
est ablliAsthreary of 960 known lwieoleogiesaleld
t hsecreeniwas ereisfulh@® he TO di spl acement
al ternati vebatsoe du sDhMNAg nFeR Bfliomrg de xspreontienmie/n |
binding |igands.

Tobramycin wasnfffeecAadved i e ndnngheéi dpar
throughput screening. -mott ildi Kwd® ha cas hmmim
magnittouhdagt n @owmo tii f bi ndimmng @tcompeund

Thiel D assay as a primaryowindandds gwessleln
asonfel aws . pr itrhBeRBdTseed mMeNIAt i ng assay i s
measuring the the stabilising efwlsct
desi gned Itiog ameda 8wir red-il Mg .tni ta radt ihwi ogung h p u
screenxipegiamentcarried out ,unwkieah dhheem t
possibility of | i dgemd indhefigNeAb il @ ngo blasads
i's mwooado-etff ecampendREMel ti ng assaiys be
nNo requiremendDNA osry nstpheecsiiasl,i sfeudr t her mor
unmodi fi ed (DINAr e aimrde fafreect ed by t he pre
on theUnONA t,un&eelay | ot her screening n
as Welrlstiligqgt FAWIl e tuoc Ideisct iancgirudk asahemd esn i
hibti ndcionngp sbomtiays amalubseeds a t ool to asse
condensi nghddeagensablay,cur acy can be €
compaesumnwhi chaee-abW®or pti on or fwli udrnes deh
rangde20oft o THOODenims al so the pomaygi haviet
hi gher atfhtehnat g |ittosoaltafmmpenienot i f st ruct u
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Chapte 2 Develtohprnoeungth pouft aFIHiogrthesceAsshygt épeladtHmemoind Di spl ac

causi ng Aflslos e fhitthe. t-mecttiefd iIlm ganrde dii ovrd ¢
not, these wi Neveothbespickedr ypmet hoc
di sadvantages and FI D oa&n hlpel 4 oscsu@@mi
i-moti f characterization methods, such

experi ments.

I n the cont eixtt twdes tfobbrsa my ¢ ime, t hsahto wvann a
to biemoanf Dbi nkowegvietri,gandal so shwws t h
not tadbl @i stinguish-mbuplfexsTDhNAT wit®ldr ian
woul d not be a sui-matbilfe Bdiimgdindge ®Udiue
possobluset medicinal schemidetvrey o@p @r ot aoch

l i gand -motit hismgmieswéecti vity.
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ChapteByBt heHiusor e 8acleinxt[ 40ea ri iearesd

andnvesti giantdionng otfo BDNA
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Chapter 3 Synthesis of Fluorescent Calix[ 4] arene Deri

3.1 I ntroduction

Very few molecules have been document
mo t*PHowever, imwhshawi dehyeke derivati\
applications in medi ¢ithearl,eanhaetniesniprty ta

calixarene deritvht DNAsséeéoond ackcgdastir we t

3.1.Clal i x[ 4] arenes

Cali xarenes areyal ifeamilliygonme rorparcadu st ng
pheabdehgsiien sS4 hfthhee swiosr d écal i xarened |
was coined by Gut-shhpedi sdprcambhgcal bBo
aryl sigm otutpe c§¥thd cnuambreary.of ar omati c r i
aboveand their structural flexib*Buitty
commoeumnsleyd cali xarenes usually contain

rings gi ven acafpinh-atdiébaween 0

I n t he 19406s,-i nadnuceff irceiea¢chityi loD @ $oefn op s
formal dehypdeasg|] @k éwaesgy di scovered by Zi
mar king the beginnihd o&l cal] 4karene shb
phenol rings | e nbgreidd goeys ,f oruessheanghtd i yalagu lae
bearing a( vhiigehreamedd gaam) | ©Omwamr r o wenr b oetdhg et) h
aspects can al.s oPhbeen oflunntetmboenra |l riicgredie r c a
substitut*@€dpelheanydlisi c or e wdnneatedtredr o ar
bridges can al sghhbielspephkatecgadbaomrdibmgr
t hde f f er elrhte mceeendisrnasli dcea vai ticw | h wd r4d pahr elniec
suitable for traag@g®fsing |ipophilic

Call[i4xf enes ftauwr adliopt i © O rpeacrotnifdolra3icebrase:n at
ant,al t e;r natlhies i s due to the free rot

met hyl ene br )d¥Asf(¥educenBodmati on of
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achiewatdl templatng f ol | owed by al kyl ating

steric M?ndrance.

central cavity

\‘/\

upper rim

aromatic ring
member

lower rim

~N_

cone partial cone 1,3-alternate 1,2-alternate

Figure PBteictal i x[ 4] arene and its confor

Compared to othérxmdraovenpyelspeawdatdbd ms t

solubl ehaeesions spensabl sgabdétent agay a

|l ow toxicity, negligible immunoglhici:Ht
Cali xarenes al s@i chalvea p/mlrii mautsi obniso, | oi n
antineoplastic, antiviral, 2andbadter

DNA c'R%°Aesd bi osensi®f@°% echnol ogy.

Due to amel maatyi ons of calix[ 4] arene d

t hevs d | ba ddegparnialdet ai |

3.1.2di x[4]arenes in drug delivery

Functionalised calix[ 4] arene derivati
assirug delivery vectors. Thegiure sdeliinvcelru
micell e and VeHoigetd es tf oirmalt i ©inan uti | i s

hydrophobicitgawitdraoafjscahidxfAfkarenes.

amphiphilic cali xarengsul mhodat g ad & IXi

63



Chapter 3 Synthesis of Fluorescent Calix[ 4] arene Deri

sul phonatodbhbhsxpbékar ereported by diffe

smal | mol ecul es such as danuyclieamopka

Vitamimhi @ute>E3°

HoN +¢j/\[\ NH,
HzNys y f J<NH2

HO = OH
dinuclear platinum
\ OH
/N — NO Vitamin B6
Y
topotecan 7803
SO, S0,
/ =
CC«M
HOHOhHO
irinotecan
Figure Bxampdesgsf which havedbkeprpxilaeana
Amphiphilic caltihxel 4 b & istamesss e v e . The
spontaneously aggregate into micelles
i pophilic mol)ecules (Figure 3.3
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g < A f/,\/ ]
EY Vgreies ey
N

: OH \ SN
1 doxorubicin chlorin e6 2
H,045P. PO-:H
H,0.p— 1203 3H2
2 PO3H, o
O\
ORORRO OH
R=CgHy7
3 Curcumin

OH

HO HO \L I OH
\ o
Hol 1 g

N\) /—’\
)SHO OH } V\AOH
O O 0V N
Lo e
0 R= CygHz1

Calcein 4
Figure Bxamples of-basedxfrnligrdakivery

depamd on forming micelles

I n terms ofetmiadelrli ebse,d -cadh A XGhjaateetdh @ar d
delivery system to encapsifAaoehéheepanr
was reportedalby uRasgomhoapaeaneiicpeild ecsal
deliver the antioxidant cur ctdAg axr tu nfdrea
mi cel |l es, vesi clheisl i fcorcrnaeld xhyy] amephesp

reported to carryethyalpopheti tuhabhedan
based on amphi pdtiolhiec hcoaslti xH gld lac glniel. i CT |
vesicles dissipatepHovablueade®fambeem
recens opmidsie ciadlead system wds, anwehpeorret e

sul phonat otwadsixdl4ddsaraeme | o8dgdr wkypyde

1,3,r68 sul {HRPITS)aaindl cati onic protein p
be cleaved by trypsin, a natur al seri
vesicles is triggered by additi ovni aof
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this veshad eblssyasrtheertib i h oamed drdi3s .

3.1.Call[i@f enes diel iggemrygy

Gene therapy depends on transporting
causing el evated cytotoxicity.-viCadli,x|
preorgani sed @iadt ftdiima tphreoceissl-DNA f c
I nt ersacattiioomi ¢ amphiphilic calyi xuasreaedn ea
gene delil'venyoandenwsbhi DNaf BRBNA, cal i x
modi fi ed wictar gpds iftuincealiyonalThe seloencta
attraction bet weld mr enmoedsi f iaendd -cahdaleigxejde
phosphddhdicksbtoemre causenft PANAcaacndansaati ing
by <cTehlel sl ower r iimsdrnmaalrloyw feuwmngcet)d loin@H & tsie
chains to minimise the crlbhioabdemitel
DNA, cal iaxrfe¢pdtice eleesc o me th@enf or mati on t

unequal distribution of hydrophilic/ hy

The most popstartbywot hediog mati on of
mi cel |l-par miamloe s ,t hfeo IDINeAwien g b & rpa-tea d me ¢ e
partli®thes his way, amphiphilic calix[ 4
actliinge arti.f oMeabdehsset gnpepacked micell
max i mal pr es entcahta rogne do fg rpoauspist ifvoerl yi on
bond f o(rmagu)dai®Anot her pr oposweggenseadhar
i ndividual amaplhi pdhidjdesdneect | y tbhemi nc
phosphatnefdapcl kekbxo DNASismir luax g lugresttBss 1 nv
paigriamd hydrogeWfhen ®N#ari magt icaard.i xar en
other and assalmbdar d ma oc DhPAP®exes (Figu

66



Chapter 3 Synthesis of Fluorescent

Calix[ 4] arene

(a)
O d
LY
1% . o Monomer Nucleic acid
[F ad g self-assembly coating
.. o W —— ——
e ctww Tl

- W
Positively charged
amphiphilic calix[4]arene
monomer

i e
Tt g, 0
+ :‘ ®

Positively-charged
micelles

(b)
calix[4]arene-
calixa[4]rene induced
binding restructuring
| e—— ‘ e ——
Unstructured nucleic acids Unstructured nucleic acid-

calix[4]arene complex

Calixa[4]arene
micelles bind to
nucleic acid

Condensed nucleic acid via
calix[4]arene hydrophobic
interactions

Der i

Figure Brdposed mechani snmdotedcahux]| €]

condengateobMani sm

of nucl

ei

a

mi cel |l e ?¥%b yeatMiaagvifcsarl i x [-#4 ] @lr @eine

acid binding befaté&bunucl

ei

c

aci

I n order to inter agonf niwdinmme enizbd gamutc | e ¢

pol yamine groups c asnh apee d npslear tB8fe&htdsn (t

169
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\ /
N N
I , I T
“NH, A \: D N
+ + N N +
HsN NHs N, e * N N—
\IeVy O NI ®Vy
S A
O 00 Oy CeH Ot ot i © OceH
CqoHos CiPlos é1zH25 12H25 gH17~ Cqu EaHar 817 st Cglyy éSH ) 817
5 6 7
+ +
H,N NH,
NH HN
NH2 + HoN ltng NH, . HQNI NH,

HN NH )\ 2 L \ I NH
)L N N NG N i
NH /H\ Han J( NH HN NH HN ! / \ N\

2
i WIev
w )\NHZ w IV P
o 0o O
“CigH
CyoHas™ C12H25C12H25 12H2s CeH13 CBH13CG " NH2 CgHy7 CBHWésH CgHy7
8 9 10

FigBrB Exampl es of -baasleidx [adrpahriegrha | es f o

Such moédiglaneld are capabbet fl ipnt eaasrsni &N c
acrashe cel | Asmeamb r exmemml rect iaonal iSswvad c al
found dol fdrim pid nabhyoagpet i ahmheewianisg sha
to transfect tphMaidimadb PNAandealel?! kD tidmeery

posi tcihwelgy d, nitrogen containing-cal.@
functional ibaed wmat hxlir emnei a7zwhliicuhm pcoaslsit
| gn octyl chai ns Tdae stehagbeld @smeonb ira mmi c e | |
6 nm in diameteM amntdMDbDowr eGMEc(td 8 el y)

experi ments6andalir earuessread wi th pl asmid
l uci ferase.l Efffaencstiiecdii meh bvmaesa rovwiscearlv eada

cedrnmonkey ki dnleiyketlild rloibnea st
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Ungarobds group developed a series of g
cal i xiaardeunceed nucl eic aci dextimdens a@tdi oer
pl asmid trmmsafne crthiacond ommg/lols®®Rmde@a Ungar
group developed arginin®&tgrathiedvieebb
DNA transhuencatni omhabnd o mego ¥yacad manocaunscee r

neur oblaatuo mae -dei poead |dsttdmne

Ot her notabl e exampl es aibd n ige rahngjleilgiast &
cal i xt&hr emveacsh abl e tsd zfear m awiorpuag t i cl es
gene d'éRApmetyfrom small calixarene coc
based scafol ds wer e allTsemi efsoerde & ili 0 s gk
mul tical 1iwasds] aalesse rdaegmeadn t o tr@misheseé¢

hamst ecewivtalr ynegi | i §%dbl e cytoxici ty.

3.1.Calix[4] arene derivatives as drugs

Apar't friomg deédug®er and nucleic acids
derivatised with functionalitesatwesoac
been developed. Exi sting examplsasn ha\
targeting vari ous fles¢tavas, sbabt arsi au

mal i gnancy.

Caldlaxx[enes tethered with glycosides

Lectins are a f-amhdyngfpspéeehnhcelekpges
i n various Tdregya mirsems mivooll ovgeidoagimi tmaory p |
innature. The binding affinicanpyebrRrapotdyg:
by the number of s &cnadhteorviad e niniitng ep rae:
knmwas the 0O0glycldShdecal ust ¢f amélsees 6.
as a perfect dendrimer platform to pre

mot i fs fcoorgnltétkitoinn. r e
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I n an antciaviirxd 142 satr yednyp,aN-ae d t wi nle urvaima ni
click c(hrinBwréeay shown tfoollaviencae@88e |

affinity on haemagglutinin expftPé3ssed o

OH OH

act LOH 0 Yo 0”0
c Ho o OHNHAC on %:NHAC AcHN;ﬁﬁ

HO=0 ~

HO o (o o 5 HO. o ™0 OH
: o S— S 0 OH 0, _A <O
AcHN s«N N N~N N-N OH
» N . .
b NG Ny N7 % NHAC ‘COOMe MeOOC'
HOWG.

H
OH HO

T - , 3
0o, 0 ¢}
(
/% N RRUVA 0y _OH
P o i 3
N ] Ns, OH
HO S N/ N N NoSTY NHAC NH HN
o
HO, o S OH
e} HN o] o NH
Ho. o s on HO' &y
AcHN HO” O o 0 o) \;ﬁ
HO, o} o}
rg N OH HO o
AcHN HO")NHAC 3 o 0 3
HN NH
12 OH

anti-influenza A calix

13

HO, OH OH HO _OH
Ho <O HO OH HO, OH OH
HO OH OH OH
OH N o o 5
o OH
o OH O™ 5 o 3 HO HOZ
L S Tl ¢
\_Z/ PN \& S/
SN N=N 3

3 N-N N—|

; 3

N N

Z

<

o O

—
OM[Z\
Z:Z
=z
I
O,
4
I T
z
z
4
o N\
ZZ
c \_z

O o P
OH,OH ([N N% HoHQ ‘T w/\/
Ho N BN*’L‘/ N-N o o 0 0o,
OHO/Q( K/\Oz% j)/ Q
14 15
aerugi agents Gal-3 ligand
FigBré Examples of calix[ 4] arenes teth

I n Ungarods group, thefotcwdy dofongdt.yead
Gl ycocal i1g[Fdi]@ureednear i ng gangli osi de GM
and tested with cholldtactexeéead, Vapbpaot
chokerTghriost ei n compl emassi ve silowishdeacihel ¢
i nfedPt owas fouimd tt lwavtaridtss ceénfoll reea aas @ o xhb

fold compared with its mim’%king targe
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I n tdy oftul unag ail nix¢ dtffiaomene tethered wi
an -adbesi ve aPRgseenutd oangparast aMartutghienwss aa n (
reported a caldk aKuenentabnmol agat ange aga
a sble |l ectiPsexpgomoened 'Bgrhgi nesadi es
thaesigned gdryc 6o bleusctaelrisx ar enes preve

Pseudomonasi naea unga thédes amo d e |

In 2014 ,exampl eelrysiorcaa | i x [ 4 Jwaarse npu bcl hi esnh
| actosyl andwegalaat o sagdhded@ It ii X [s4] alr,enes
Jaltesnhateture. The resulting gyl e€ocal
3 protein, a lectin heavily ihivel vtudy
showed tshatpaaddme yllcGaFii g@mr eprmés.sbessed t h
affif oraldy | ¢ i n

Cali xapeaotbheinndi ng studi es
Cali x[ 4] acem®sf onmatieon can be decor at
peptpircdbeg ei n i nter acxcdii foinesd caasl iax areesnud st , h

bl ock -prrotteeiim i nt eracti onishodined,i ghthda miol

ceworkers proposed the idea that cal i
mi maocartificial binding ¥4 mf achee floart es
cal i xdam(eFngumwas3shown to bind cytochr ol

the elteatnsemort chaildl atnermisttouwdioensdr ¢ a
cal i x[ 4faoremse a 1: 1 compCerdwbltbclkytoh
eddg®Anot her &ltiuxd[y4dcahroemneed t hat the prot
calix[4] arenehgmsebor ymhiimi as a nanomol
mul tifundiCadbnal Aaf{ah @n)g ewds 7shown t o ac
pl at-ctdreitved g¢(POGR) fiachsobdnaMi, ofFi Qlb®'e 1.
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OH
(o]
O, (0]
R RR R WOH
O NH NH o} NH NH
7
WL =i o= Re X 0
S HN HN
o gO o/ HN HN
(0] o (0] (o}
HN  HN OH HN HN OH
(e} o o o
calixarene platform 16 17
Cytochrome C inhibitor PDGF inhibitor

TFA™  TFA
.

Voltage-gated potassium channel p53 R binder
R R
R
R
R R R
R
o) NHN o
- HN o) 0 NH
O
NH 0 4 .
O,
T
o) O o O

) g cecoon

20 21
HDAC inhibitor HIV inhibitor

FigBré Exampl es of cal ibxi[ndd]ianrge nsetsu diine sp

Ot her research has focussed on attachi
cali x[ 4] arenes tedctacdn erveec ebptodrosgiamd [E
cal i x[ 4 aFriegupr7 wi t h an argininer met mylwa
shown at o ever st btolveoil Agrmigleidt opot a $&Tihums c h
effect was attributed to the relativel
the channel with ease, uwlpielre raant ii rtiea
As-Bp79 residue in the vestit®Ahethgrienm
Studsy¢e @t r aguaniadii xi[ cdlrfefriregugé¢ewhi ch had
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| ower rim and wasR38Aélwn at onub atnwWorgd 58 m
suppresctpdiFi n t he mRIZZAAMNH, pdmMB i-bmrpiodgen
bet ween Arsgp33372 ainsddlécsstta,biwhizeld t he mui
widtgpe Fus53 . herahoxelOeare strongly enhanc
stabil iRt38 7aHf bp53vedgi ng i nt ovihagwedr @p h ¢ e
i nt eriacpmai omng and H§%drogen bonding

Cal i xdaereineat avese bheemaisnvesti shetredsdia
epi geAstansexpmpdnedeg2@&EndgGguwas devel ope
a pohtiesnttone debDaAdeh yi Aseo( with three p
rim functionalised wit hpaasiitsircdnuerrce i wini
with an ar yllhi sa rclasaisklafadpaneds etsos Vaiwo f o

0.d0. eMMagaa mMHDAEN z ydmea if rendmmaer vi cal can
nucl ear.l eaxtsmade®i ng suggested that it

i nteracts with two tyrosine residues i

the surf acvei aodt aHcDkAOhg as wel | as part
interaction with a lysine residue 1 n |
binds to the crucial®’Zn(I1 1) cations in

I n anti vipr al e s ttivad ¢i ex@aréein@umwas s hown t o
HI-Y emnht pvchailnldsi ng to the exterian sur
aromatic i sophthalate spacer on the up
possessing ar angeiasdo@o NaOEM 7 Addi ti on:
21 s active-3a7B8Bi0Bi ste sBMI ant HI V '88% ain

Apart from modi fyingbthdinglixgapdge, i @
workers used a calix[ 4] arcah@ mbumctiaomga
motif and nitrobenzoxadi a2®Fegg N&EgD) a
The faccliadt econj ugate was shwianl adbeenkeee

medi ated ¥hdaetyt exipsgir n2g@ehnotvsed celilnul ar
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humaervical smawnser emed Yy csanlkl mfainb rmmal i agat
me | a ncoenhal l i nest hcéemmovni gc atl lsbcdd, lhee rhli gdéels t
off ol atteormr eex pr e stshnee h a wbeetale alsindiegy hma mod
folate receptor expression |l evel. The
eM cali xZ2dpar mebosesembryoni c hfaidb romid lye
internalised 10% of hHumanf madi g eaeedtl mlei
l' i ne had internal2iZsedp 8F %t @ at hafthjeat e
humaervical .cdmderr n@aé¢li st ywmu mah cempo
cancelwlasl sbowhetbl ocked by admint®tr at
This showed the presence of foliwasaci

effectiver at¢ esppcebcti efrvia ¢dnigs mtt € o n

Fluorescent folate receptor binder

Figure BoB-ateked appendetasadi xmdpahgneéi

C4NBD
31. 5 Cal i xesirretner acting with nucleic acid
Cali xarene conjugat e@s e thhauecd eb e€e na ce xdt ecn

reageasatdi scussed inrSequ-epeeDNfAcrRdi Bat
properties-kapeBlyl ecsasr eMianligll yt hteu f uncti on
cali x[8hepeanebe used to ,tar getasmplNAe i
inter t’@namajprroovel?Piomdarup.l elxn DaNdAdi t i o
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aradl so some examphegegiadaBpXadxesnes

Met hyl azacal2i3¢F §lup)er W3d.sOnda& he first rec
compoiunntde r ate t-gsunagd rviuiqrd raixn g .'s°é& Iy absenecne ss h o wt
vicai rcul ar dichr?8 smatbhh &t toaliinxdaikcieen & h e
and -MYcC Gquadr ulf? Bakecudloacrki ng suggest
met hyl azaca2 ®x|i6dfpyerxii dilree c on$§ ofbhtnt dso n
to the nswal dihe Do requadr efbetkedecs
not bind-bBet bc dfbdudbiNAtohbeahdiyng mode towa
i nter miGhgaucawdlraungd & x e s v.e%ltt i yas ed h2oc3wan t h a
i ncrease the theemaGlgeaab afpd tremeed fLf2r o m
( 5TAGGGTTAGRGT i )mearni dcaTHTLRG G GT TAGG G e t)r a me
by 4 A@rdepZecit®boekgxngersi meenrad resdtnre hiay |

azacal i xR@)]opsysreasdd wiest ed cowlkerr olwd o rhdna t
one pyridime esadluat it ng I nttoer tmh et ahlea wif
i ntermol-eradrau@dxut at i onal sioda ic &ahreetd

compo2dsdnhowlddli t ibceabhl €y t o bind other i
quadruplbekéthsasmbiimdi ng DNASckiiptt a m®€&d B
Met hyl azacalRi3xI[s60 pyos sleaieed the | owest
t owar ds i nt er mo lqeucawdlraurp loehp®weslieod c @t her
met hyl azacali xpyridinessWWAG@P, dinftf er, e n7i

9}o4
WL
N —~——N
l\ N N
_N N~
—N N—
23

Figure Be®Ohyl azacal2i3gx|[tlepyrn irdit nlesatsueddi e c

Gquadriupti exacting compound.
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| nnoat iea mp alei sfaurecmtei anat he eldiotwlerameme ¢
were sbownt drheegtG avi a hl ex f or mi rhgmare q u €
te Im@ racmpmr omot er cM¥ed {PoTne laai@MYcC -quadr upl ex
were treat ed[24( BihnggnyeeaBd 10i r cradilatrg dw acsh
performed to monitor . Qahe x¢ @weaose maad u nd ¢
bi add sthalluiagdetuypp esdowever, the ther ma
Gquadrupl exeisncweera® eMP°IFwr t her circul a
experismgmtest ed tdhali a[@4di dti @medodonf or me
o f IGTel nomanat | el Itro supdblaesiead <tedd
cal i x[ 24aalrseon esh gwretd rpcnadv i i f er at i vheu meafnf e c
breastamdameegeasi ti ve pr os.,tpatienaade mgd d arbc
andler mal fciebh 1 celVleatlsetde concentr attiheen-t i Ho\
prolifersatiaVve x¢MdWeome@nec!| ear | yqulaidnrkuepd et

stablislihg effect.

24

Figul0eCh®.mi cal earuxfa})arehne

Cali shuerotei onBNMAsSed iwigt fprod yawgsdoon t
bind to dupl ex)LTNASs {mbBd egl ai roey s 3stthiipisytr e n e
groupgalomezshati@ér e abl eetontot ®NAabate
the whdlddesdt ugtiumseerctani nto th®ONRI nor
Cytotoxicity exmarmp onend ss esdh olwieglht hgot e
human chwnwcelrtd | i h€of wob°AnMn
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Figure€h®milcal porvwcyvarecobaro-matic hydr
presecnatliinxgg 2 Ban@ién e s

I nchsrader 683 fgIr ecxaid hil xea reer@ @f udicmi onal i se
guanidinium gr o(upisg Was? Ble2ed bpwr e o i r
into theoomaeDdA Wl t t oa AdIOMBINA9t oi chi 0o me
These were detksbmi weentt dBBRadedandi ng

DNA sequelf€ bheubieddi ng was al smed ufprpom
ethidum bromi de s,ay&ipd amemennhg and cir
ex per iFnuernNidRr e x peandneandamput er mddeMeidn g
t hatePdbidge s twp ne-phas ®NAFTBe authors ind
further modmdy clagddnt eolfeegqueacPN?2® reco
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NHci” NH

HoN—&

27 NH, CI’

Figuread. X7 4ihee2riemat dbi nds to t he major
helical DNA

3.2 Aim

Theraen iepportunity forthceaVvesf{fdyateng ¢
bi nding DNA structures further. Gi ven
derivatiVed, meac mbEliscgpre r me 8*B98&inmp t ent i a
f omu kvtail ¢hnyovel familpasédcBNAKacehneg
can be desi dmed hagrdegoldd dve&psrpotj ect can be

into 4 small goal s to achieve.

1)To prepare a series of ami saifwamdti o
Ssubstfoueobmjtugatei dmwer rim

2)To epracroemp e maelretr a vaDNA etsi odi ng mot i fs
attached to the calixarene.

3)To prceglairxe[] 4] arenaetaonjouogabD&#a bindin

4)To investigabkt the cabexpgpaerENn®BNA U
FI DNA REnie |l tainnilgPcul ar di chr oi s m.
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3.3 Results and discussions
3.3.Clali xarene conjugate design

I n a pstewdtyhMian t h e wéasmogypopu-ppnbst i thwt ed
callxf@mBEi gur é®WBa.plr3e)par edel amd nauyi r8sg u
FRET mel ti ngi nedx pceartiiéensetntsatt s wi th DNA
detail ed studyt ahkaedh .not been under

CINH;
+ - +o-
HsN'Cl NH;CI

/(L CINH,
‘ \ 7
(0]

o] o O

o g o

Figurdg&udret3ceoal amfAdarene

Given the previous work in synthesisinr
similar approach initially to conjugat
scaffold. Thus the individual componen

Hui sgen icyrmltoadfdotrm the triazole ring.

Coppenld ycatdamahkyde cycloaddition

Copper c atallkyysneed cayz€ udées, @ dalosmoonl(y r ef f
ad héecl i ckd reaction, is a widely wused
|l i nkage betwedmhmet wgycmobddulteosn without
d scovered by°fRoltfhseHtlids6gdanh ttehre Ibaotteh 1 9
Mort enali®Nhenldd Kar | B°Y nShseerppalreastse st udi e s
possible to achieve reqitadblsdctricaicy i a

become a prominent synthetictpyoceden:i
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ar ¢Qisncl g dimoy ek ul @hdd sy,c o PPitwm gy y*’§¥H?P es
nanocagt&noearcsr oc’Y@hi astrieon can be3desc
di polar cycloaddition, where the c¢chemi
are-rregn osel ecti veS3cheng.dxxHd s epweers,le atcheq
Cu dqdt)itohnes ,regiioshembwhilaytlgdbist i tut ed
(Scheme!®8°%1sb welclr easing thley rattabtforre
Al ternatitwel yhe whRUtpheof um 1%saubasl gyikttuy,
regioselectiv?P%ychemaHawe me/ra,CdtadiCaat e,
beappliedf fadwedthan hiectosmpdo @ xpt derr

R
(a) M Ri R,

[Tj1 CH R1\|1\]’N2 NT’\SCI; R1\1/N2
+ m N 1+ 3
Yo, Qs
N R, H 4 L N 3\_/4 R5 4
2 H
1,4-substituted 1,5-substituted
product product
R4
'11_1/_\\ R1\ \ N :
(b) lll+ S%H CuSO,, Sodium Ascorbate or Cul N~ N
2 4 C . Sy
Kll 3‘-/& solvent, heat or r.t., minutes or hours O
2 R,

1,4-substituted product

R

| R2 . R 1 2
© wj\sé Cp'RUCI(PPhs), NN

N2 i - > N

e 4+ CH solvent, heat, minutes or hours =

N R5 4

H
1,5-substituted product

Scheme 8) l1Hudlgksggmede cycl oaddi,t ibooA hwilt,
substitusebstaindutted prowmpe@s(( kY
cati on @d tkatlnyesleed cycl omtddeni om.

compl ex c ataazliydsee dc yacl lkoyandedi t i on

I m he prnoepcohsaendi rsemg c ttihcen i s i nitiated by

al kyne and o®eh€me( BhRPecsadecn pks edn t & e
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al kyaenhyndarlogen. Thi s ¢hbryo taonno tihse rl actoeprp e
to for-ancetuyfdffdles strubtusedwhyg anhaot h
catThoen.sourcd |l of caoppers coapnp ebre (3P o m oedi
pr epiam daind Qw6 ®dutchi bhe proas aamc & $Bafsrob at
nor mak b me organi c bases, sucibgatsz TE
triazolymethyl aami raal deTUBTA) Iciagatoensc am
t hreisol ubil i vehf%h eoreqahaeryc dbd o gtr lweap ail 1yt o
cyod SchememmBe®i ately gl dhearmsubltiag
undergoes a ring contract3i ohntohtgled asat
coppe) caticposon i Bheodzdl @bysprfepbase
theenvironmekKapraeferedSehaqgrdf®Vst B t he hel
copper (1), CuAAC occurs about seven

uncatal ysed?°8ycloaddition.

n=N R——H [Culg

\

_ N-R \
R)\( [Cula R—=H

H
. [Cula o
H

Ni N-R R—==—1[Cu]s
[cul R, - [Cul 1
. N,

e CN [Cula

[Cu] N (L NN S _R
L o R—==—[Culs Ng
R [Cu
2
Schem2 Broposed mechani sm afz radcek pper

cycl oa&8%diti on

In CuAAC, t he r @3turl ita gl eplamaup Mmest a
hetaerroomat i ¢ gr ospgavtatdar eaumd DR op MRh ioNn
group can be al-asm de nmdmbdcgaud?dd 3 . 4d 47
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H-bond acceptor H-bond acceptor
Electrophiphilc .~ Electrophiphilc % N
carbon ) carbon SN
N)J\ R, NN“ R
R1 N/ R'] 5
H H
H-bond donor H-bond donor
Z-amide bond 1, 4-substituted triazole

Figure Stfoidctural compeaami ssen aneli deeh S

A Il one paatomn tthlee e Ble mzloé ® t hat gem t h
whi |l esathorem ossess similar el ectrophil
carbony.l Wnlribkoen t he -tarma ddelo éblinsde, € il 1y,t 2a,n3
hydrolysis under physiotbgi ¢davlo ®mondiotg
(Il abdbhdeNn Fi glurese3nbl4 hydrogen bond &
protonsancmdméasCa hydrogen bond donor.
on thearla2pBe group suggested an i nc
compared to the d@°T lgu,s24138i caarod een yils avmid
as an enhanced pharmacophore?’Rhmothleer t
di fferenceamheteweaetnd i 21z 2,8 i s the dist
substituents, where the distance i n th

Z-ami de.

Thertunabdeant ageaughfAd assembl eFipopbecge
mol ecul es ador maednewrisnticlkes s aaaryd azide f u
SecbmwdCuAACachniemed | ar gl wa&mitetsy sa fe ms
wat EHFac et one, DMSwat eDMFa c®ht iormtdHter,irleeac t |
usually can be carried outegwibe@Av@e dro | &
160) A€@nd pH values (4 to ®he Ti.8%mtcabdn
addi tion, mo st products-upreroueddi ed
recrliysdatailon and 28NHowmav eorxeipcéiyt y o co
l' i vingwagstiedhsas a mdjoor CrAAWhaals 1 e a:
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spec(iRrRG®)an geemer at ed by copper (1), a
oxygdeburrent resreded ht hasi cxdacoph-pErBAC
6bi oorthogof'&lwhcelreemilssorigeed ubie@ can be
fluorescent mol ecules without interfer
| i oort hogonal chemistry, the convent.
al kynatadt by ring ¥rtAmaonhgrFigayet . L}

survivability is to add $2trificial re

BARAC TMTH THPTA

FigBré5Examples of acCcBARATMRH)alaknydn erse d t
( THPITA)bi oort hodB®al chemistry

Cali xarene conjugate design

To investigate -ntihmm fponetnitormdl iosed oawalri
structures fur-gbeperanicreriiegamds fwe e
DNA probes, suadherasodp ytnheen ed Yadhidigiulaée . Be d
Pyrease welected as the major DNA i nt
i nt er actmotnash dwiGald riup | e x eas} T "BENREr eh a3s. 1
previously been-ks troowa@nd rtuop | leixmealg nitdoa e d n

corresponding gene expresst?n in humar

Al | compourdstihmee r ®o nfel xc o rdfecsri mganteido nt oa ny
hydroami he cgroups (ofi ¢gubep awpgied a mdien s o |
aqueousThmeedef dpelr @tnftmornsos b s t, 1 2du tseudb satnidt u t e

1,48 subscaltiugweedea ei nvteostae gmlt ®erde-actt he/ i 8 ¥
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rati omship

(a) H
O N3 N3\/\/N (0]
(L) 5[
% A
Cl

1-azidomethylpyrene azido-functionalised calixarene
(b) S _ -
o CINH3NH+le . . _CINH; . _ CINH; »
3 /(L 3~ CINH, HsN Cl NHsCI CNH3 HsN'ClI NH5CI CINH,
| |

\
%
0 (0]

/00 NG B N

(0]

|

mono-substituted calix[4]arene 1, 3-substituted calix[4]arene 1, 2-substituted calix[4]arene

Figure 8)16 wo DNA binding modd drsc espetl
studies; amiYnowhbt e eniaxeanreedp|l @aalf o

bearing ahkypkengrepdf studi es

Ther opbsesdt gener ati gatagfe droivikiag.lernee X
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CINH; CiNH;

HaN'Cl /(L el CINH, HN'Cl | NHCT G,
SV
j jO 0 O

SEPN A OJ
D e

%

CiNH3

stw
O O o. O
' ([N JN% l
e CINH . CINH,
CINH NCI NchI CINH
ANI® vy IO
T 4

/H

Figure Bifgg&tner at itcaan iaxniichd oajr eqrat e-s wi t h
i nt ermaitdtnige s

3.2 Prepar actliiocnk aobfl e cal isx[ 4] arene pl at

Prepaptielvggcpl i xarene

To synthesis thand}tailgklanbel & umocrta ,onla,l 2 z ¢

a gener al procedur eKaprtehwiaswediof $dbwede i
3..8%
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Boc~NH
1. BaO, BaOH 1. NaH HNO-/ACOH
3/AC 1) SnCl,
2. ~Br 2.7 Br 2 DCM EtOH, reflux, overnight
DMF, 30°C, overnight O o HO DMF, rt, overnight o0 O o O 2) Boc anhydride, DIPEA
)/j j )/j 1 DCM, r.t., overnight
30 31 H
1. K,COg4 1. NaH NOVAGOH BocHN
3/AC 1) SnCl,
2. ~Br N 2.///\Br DCM EtOH, reflux, overnight
Acetone, reflux, 18 hrs o4 0 g_HO DMF, r.t., overnight o 0 g_ O 2) Boc anhydride, DIPEA
/( \l\w DCM, r.t., overnight
29 34 ‘ ‘ 35 ‘ ‘
IR NHBoc
3 BocHN NHBoc
1. NaH 2.0 eq. 1. NaH NO/ACOH NO, oc NHBoc
3lAC 1) SnCl, \
2. ~_Br \ { 2_///Br < DCM EtOH, reflux, overnight N >
DMF, r.t., overnight O OHp_HO DMF, r.t., overnight o _Oo_ O 2) Boc anhydride, DIPEA o} O o_ O
j ‘ﬂ L DCM, r.t., overnight j ‘ﬂ \l\w
38 39 ‘ ‘ 41 ‘ ‘
Sche8me&8 Sy nt hetigr apeomper appar gy | at3dd -po Blpiax egryd ne3eadn cc-plt .0 ar @ v le a t4€eld
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ChaptSgmtBdesis of Fluorescent Calix[4]arene Derivati ve

Synt hedihealoifxarene conjluypatesr apiarit e @
butyl ca29 xanenehi s reacti omat alhyes efdi rpsh
formalpehymer i zAEiodn oamébdl ebeyki hg meo | vy

chaamtdhe reorganization -noefmldealnacf 0 @ag mke €
whiwd& then precipitatedhylIr q3wwcheehmed. a8i.x4t
The amount ©Bf chase déddethceeersutmb esi nof p
t he cdalniaiar elnte waystfeonund t-hha®4 aelguit v aln
sodium hydroxide facilitathed et De 3f @mgm:

of sodium hydroxide facil3?®8d8tes the sy

.‘f

o)
I 1)0.045 eq. NaOH, 110°C, 1~2 hr
T HH

2) diphenylether, reflux, 4 hrs

>
OH OH OHQHHO

p-tert-butylcalix[4]arene
29

Scheme 8.ndt hediebudb¥y |l pal2X[ 4] arene

The recsampad2udgd abwhi t e ipoaovidatr e5d0 %l tye el d
struwaaaref iursmddgNMR spectwlhwiaslompyiwd ttehn't
t hhei t ef Bt gu)Pé! 3. 18

I
o
=
a
5]
——351 T

——4.28
- 4.24
™~348 x

|

T T T
42 40 38 36 34
f1 (ppm)

A 1

T T T T T T T T T T T T T T T T T T T
10.5 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15
f1 (ppm)

Fi gul8Be ®H-NMR specCtormprougfplebut yl cal i x[ 4]

Compoaimd a hi ghdiyolseyaruried .t htdwaovewyreaot on s
metéryldr i dgbiabety i ngreo miemtithlgpdiMR spectr
(Figuyreha&d8sd8two proeotorys dekegmirecammhcenvir
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The proton poéipt Rlagwep wah & mip¢dl)ma hh & t
ot he proton poidnkd .92 ;dppphme)et & b € c(tidsee r
O at(dmguj)€€hds 18he ddfafsdcetr erog oplitcs i n

with a coupling constant of 13.5 Hz.

Theome®nf or masos mwoRudwmar et aaitn erdo o m tdeunep etroa t
the hydrogen bonding at the | ower ri m.
at highersftreomp eroadeu it @ nagh,d rey mZatlet er*hat e
Al kyl ating the Dlomeki sanmaheligss épbdbt at
| oicrigt s con'P¥Amaonose@quenti aldal iixrpd]oarie
sol ubinlombolyai sbon vemder to | ockommeumrdr
30 any aliphatic chainPWhger then eth

Synthesi-pr opacneglgiox [ ptl] atr eamrem

I n or der mbosoupbrsetpiatruétuendc taneinnad 1 s3&3 tchad i

synt het iBc herowta 8 . 5 e d

1. BaO, BaOH

e
2. ~.Br . 8
1 A
DMF, 30°C, overnight jo )j)/o HO
30

S heme 3Sybnt hetic route to®ards clickab

1. NaH
2.///\5"

DMF, r.t., overnight o0 O o O

29

I'n the ZWvaststsiteped for 30 minutes wit
barium hydroxi ddeatadd0tAGnpoifoproopyl k

In this step, different bases tanobeghu
met al t empltahSé2n §Vii dafnfseocnt setiBnar i benr masi ol
forprtapyl ayi on daestoooirgdeynmdy pbeagolti c

r e s $pdrueev pagltk y ldaitei am i ts si z&2?®and el ect |
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Af tsetri rring the reaction mixture overn
mi x ttuor epreci pitate the crudoprdeducectd.

recrliysadli n DCM/ nBe@ $h aan oW h it tseoy@ideP it & Id ) i

Propargyl ation of the remaining apshenol
strongndbrasgar gyl br ol hdee s\nSdclhdedhee .05 e
conformation of <cadlilxafrewmre dxyy gcatod ald m ¢
final phdedmolmeadanibyn diespr ablbaeat ibammmiadé

nucl eomis2!| € e anetciham’i’ s m.

After the hydvamcyli voartcewp bogfotd i wmt hydr i
at | east one hour, propargyl bBbndmsterw
overni ghe cruadeorerogpudctatwd with the &
collected and recrystalised-prap®rCdly laan
compoluln B %yi eledprar at3ilwas od¢ o rufsii tAnieMIR
spect r(oFsicgouppye 3. 19

T T T T T T T
500 4.95 4.90 2.40 2.35 2.30

f1 (ppm) f1 (ppm)
diastereotopic protons diastereotopic protons
Hc +Ho Ha+Hs

R

| N ML

T T T T T T T T T T T T T T T T T T T T T 1
7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

Figure Bra®on splittH ngMR astptecttnr uinm otfh e
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For t he monddprrdp2altg wheatiedyil e ol agemet r
resulting in three separa(é€i goyeri&irusér
additional it hmeequinmal egeepodt onanweasH ob
ath. 5 MHpandsakB. 1 ppm). The introducti on
clearly seen from aamd Bwa tgipgmalisntaetgr:
and 4 respectivedgroepyr ewkint sthgt h d epOd@
identi fhpepdh andm 2f9@Br5 Hyaped ©6p rCo twdhn stho w

characteristic |l ong range coupling of
I n order to improve the water solubildi
appdtioe t he wupper rim to introducesan

nitration pt ebvuwplo@HPehehe Ihbs step can
vigever al met baudcs, azBuAdKNICES O:BOOH and
HN@ AO©.%2’Among ttthem, combi HN@®iCHENOOHIifs

NH _Boc

advagaus due t o rietasckthinoghh’i g s el d and
Boc\NH HN—Boc
HNO4/AcOH 1) SnCl,
DCM O EtOH, reflux, overnight

f:[ 7
P J JI ) i ﬁo ow
31
Scheme Syftheti Ird@ute from

Nitration waddagc i eww exdnubtyy i ¢f alkld @W% and
acidto the propd&rigil as @ldv eed mprou.pa@iMe ( Sc
reacmiitnur ef rtoumunctalsos -ltlou ed eiempmedi at ed |
addi tion odndnistlhhr@ewl yacchdangéd who choer apn g
reaction was quenched.AWitéetfu eauds t wvomnk w
prod@Blgas recrysbCaM metelda f alo At loi tge veer yas to
sol i dyi(esl2dg .

The nitro groups weéemdClhRHGe n Ot drédw c erde du

90



ChaptSgmtBdesis of Fluorescent Calix[4]arene Derivati ve

met hwidisch have been usedhywdirtahz i mal iwiatrt
nickel or palladium wi??8°Ydiet hat ey d waz
are not ecalt=xmalaen€c€beayd potentially re
group on téhe WweolwWerag itmhe.Thalse rteidr 1t t me
wasl sscstseda mild redutTheonnpolocleBéavast ar t
initialliynsusefplunxied IGiEPH-@Qmo0e r wii d tht .S nWh
reducBivars acfo mpl 8twea,s psrod duubclte riund ee tahnai nnoc
i nter Bexdda a2t ®ibned acsolaorkerdowno!l i d wi th

wor kup with DCM and used in the next s

Thami ne g¥eps ihen protected as the B
Bo-anhydride and DBIPREA sfaovroi U8 gh muwtukad d ¢
unprotectedom @oivneer ?dt¥ibnpep.o d3udwas p wriiaf i e
column chromgitaBigmia pHhyl over prweop asothetpiso.!
cal i xapBaéamaser e confldr e ewit tr(oFsi cgoupgye 3.
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tert-butyl groups

\:*\

«— aromatic protons propargyl group
aA I

Gl FA

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

tert-butyl groups disappeared
aromatic protons

propargyl group

/ i

—Boc group
aromatic protons _ propargyl group
amide protons /

\// 486 235 230
‘ f1(ppm)  f1(ppm)
e

65 60 5

T T T T T T T T T T T T T T T T T T T T T T
5 50 45 40 35 30 25 20 15 1.0 05
f1 (ppm)

I T T T T T T

85 80 75 7.0

Figure Bomhpanwmnifsaememi cldlI NMRidpesctimum be
compo3i,d8& n33

Comparing 3domiploringuy, 3 th0@ ee singl ets
0.90 pAmptievutgyloups are nEBt NpMRespattin
compoldlhdconfirming thptebaiglyd c egmeonutp so fw
gr ouplilsn addition, the chemical shifts
hi gpheak pdesett onswhiet kedreawirrodneetf f @ cdrso w]

the aromatic rings.

Compa32avhn 8K Fi guj),e th.e2x hemi cal shifts f
I B3were shiduedt dat-thken a&tliecd r ehf efchte of

i nstaltihBdopotheofi ng group Wwwhseebsengkdt
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1.5 pebmit(yl! groups) and three small si
Thei tcircal pr oparfgfyelc tgerdo ubpy wahgelGifigtigOuac t i o
This can be revealed Bppmhabgp@. @BFiog wn
3.)20

Preparla3diiom oparlgylarene pl atform

I n ordetrdadcduce two propargyl groups
al kyl ation pr odcefdaur et waa sf irremptieBete pl ( S
cal i x29webheat ed ian aemdititahx pot assfiam @r
mi nutes, f ol | opweodp ybly ?2B&godaiwtali®o. rc hafs emn | d s
base to deprotonate anlhydo htdwowhadilisegamen
sructure in al>cAfe esomnfron magt itdre r eacH

hours, watto wasciaplidtealt e t he crude pr ¢

coll ected and recrystalised ias D& MW miett
crystseoll(fi 6doe ¢ 1 d

DMF, r.t., overnight

NaH, propargyl bromide
- s .
Oj
\ﬂ \q\

35

NO, NHBoc

O:N NO, NO, BocHN NHBoc |\ .0
‘ Z 1) SnCl, ‘
HNO3/AcOH A (/ EtOH, reflux, overnlght /
_— 7 T
o 0.° 2) Boc anhydride, DIPEA
( 7\1 DCM, r.t., overnight ( H

I~ 36 [l
Sheme 3SynthetilcdBrpuopatgyl c&8I7i xarene

0~
q

DCM

37

I n the aexpr estaedpyusrh yhy d ru sdeed waass au ssetdr o
deprotonate the rsom8idtna ngl Ipdhvendbhe gt ot
proparygiyél ding the TDRisBagcawga adubyd(¢vd
in the reaction was a strong base <cap
Meanwhile its templ &tBRionrgmaet8ifenstodiosn f we a

wt h NMR spectroscopy (Figure 3.21
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ChaptSgmtdesi s
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/N OR oR, =S
—
Wl ™
R1=W /I\\

Derivati ve

Ry = i{\ 3 plane of symmetry
T T T
5.05 5.00 240 2.36
f1 (ppm) f1 (ppm)
methylene protons methylene protons
HB(Hendo ) Ha(Hexo) LJLJ
T T T T T T T T T T T T T T T T T T T T T T T T T 1
85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05
f1 (ppm)

Figuak PBroton

For-dl p3 opar gyl 8 gFeidg u&dempiBotu nhda s
(dashed

The

met hylcememegnt oungs t wo

| i n)e pas Fii gai rteh r3a LRdLh

t wo
t wo

adjacent

splittH nNgMRp astpteecrtir udd otfh e

pl an
di ago

ar 0me

doubl

et s

an)

and PPphopydamn mohp y I

pr ootno n

S

compo3daarde

dtermeotnesd

as
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NO, NHBoc

NOz BocHN NHBoc o
1) SnCl, ‘ O Z
HNO3/AcOH EtOH, reflux, overnlght ) N \ /
/

(@)

AN

37

T .
o O o_O DCM 2) Boc anhydride, DIPEA o 0
(J/ LW j L DCM, r.t., overnight j
I Il Il

I s ™ s

Scheme SyBtheti 33r®duUute from

The structud3@aldiwerproontHs MMBR wpehbtr o:
(FigaR€oBver it @mu toyf | stgor oruipt gwa sg roobuspe r v
tht dbheeh del et i ongl eotfs tavto 1 .a3 @ eppmEm and O.
of pr3o06d uTchte c heonfacamatihe fpr ot ondsGvasn t h
moved from | ower field to higher fiel:
The pretshBsope ovbkected amino giwap wvear it fhi
with the apywéamgdredels S5afrpoppem veltheeral so t w
at 6.5 ppm rantdh & . Bpfgagynr ersme rotfi ng t he ami
Boprotected a&ami peogoospomdtpewpr ®pm@aoc (g )
by the rwdanicftiiodh may t he doubkessabt243

95



ChaptSgmtBdesis of Fluorescent Calix[4]arene Derivati ve

aromatic protons

methylene protons

M/\

8.5 8.0 7.5 70 65 60 55 5.0 45 40 35 3.0 2.5 2.0 1.5 1.0 05 00
aromatic protons f1 (ppm)

f1 (ppm)
aromatic protons J’L _f/LL
\ T T
NHBoc 4.92 2.34
BocHN NHBoc o f1 (ppm) 1 (ppm)
/(L # methylene protons
) N . amide proptong amide proptons
o) [elN's} 0/ \ l
37

T 1
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5 4.0

1 (ppm)

FigBr22Companifsaeamemi ¢cthINMR isfpgesctirnum be
compo3dndani7

Preparladiiom oparlgyxlarene pl atform

As with the distall37 ftumetsypnahéesed
functidbhelusees a di fferRanhedh@or@®pto vanl dk y
29%astirradl|l argk sedcesns hgdri de i n DMF,
addi t2.02n eoqfui val ent’?*%fdipmophyldrbrdemiade a
able to deprotonate all four phenol pr
hydrwadse abl e t o -daecphrioetvoen atth e nl ,bdThset at i
reaction mixture was precipitated wit
foll owed byicalrumn calhrnomat ography t o

sol3i8d3 1yws el d) . Twat me x hspsradeppa r g vy | gr ou
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remaiwa ngdijtancet hpyrde@&ryd agaoupniabogou
3anIA] 7Y% el d) .

1. NaH, 2 eq.

Br
2. NaH, propargyl bromide
— s s

DMF, r.t., overnight DMF, r.t., overnight

29

NO, NHBoc
O,N NO, NO, BocHN NHBoc  \1iBoc
Q \ ; 1) SnCl, Q | O 7
HNO43/AcOH A Y /‘ EtOH, reflux, overnight : Y /‘
DCM (o]

o O o 0 2) Boc anhydride, DIPEA 0 0 °
/( ( L DCM, r.t., overnight j ( j\w
I I l I
40

M

Scheme SyfAtheuiediprapd8rgyl cdlli xarene

The structuB@asf coalfsiisanpe &bRee c t r(oFsi cgouprye
3.23 ComBa&arng&l® tal 3Yavesea more compl ex
pl ane of s y mrhe totuigthwpoa s seensbhryild g e s i nki
propargpt apeldat e(dFiagwjmatBicad8t er eot opi c
for t henbkmdatdgyel show a cil e airn t(adtg 24115 @ rppay
and 3.,25whpipcnh i s tchoen smaesheheiystt gheawv i digf f er e
chemical ehhadrpremehpdr opylsi gr oo pBpemnd

demonsttrhiegheacd ebypyr ot on signals at wditho0 g
an integration of. 4T he4 parpedsogbac ey yedsf pgrcd
confirmed as t4ao07®r pp opnmnms df gaditd 4t BhdeaHId CC

prot onls hwweeharmractta c | ong range couplir

97



ChaptSgmtBdesis of Fluorescent Calix[4]arene Derivati ve

C/ e
symmetry plane -~

Ry = W
JL JJLh N
T T T T T T T T T T
4.82 4.78 4.74 250 2.45 240 235
1 (ppm) 1 (ppm)
methylene protons  methylene protons

Ha +Hc +2He He+Ho+2H¢

[y

r T T T T T T T T T T T T T T T

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 35 3.0 2.5 2.0 1.5 1.0 0.5

4.0
f1 (ppm)

Figuz3® PBroton splittH nNgMRp astpteecrtr ulm® otfh e

Later csanmvBer él Sohelnpé oBti mev same procedu
for-aBoomo cald3an¥t ehlee yBelddwa3r9owmd t he
yi eln4afd was 45 %.

NO, NHBoc

BocHN NHBoc .0

: O,N NO, NO,
Q \ 7 1) SnCl, Q \ O 7
HNO3/AcOH A N / EtOH, reflux, overnight A Y~ /
T . -,
DCM o O o 0 2) Boc anhydride, DIPEA o O
/( ‘ﬂ IW DCM, r.t., overnight j ‘[
40

[©)

ﬁ

a1

Schem® Syntheti 3drdbolute from

Prepar d@indivemfid sonf i r méld NMRi s @ e(cRiogwroe
32%. As ddasorifotBezalng®l 6r e moovftathpgt ebut y | gr o
was shown as t hetmsi sasti nlg. 1t wdp msdiinag & & mp
t heer omatic proton signals towardg89t he
6. 8Pm to 7.60 ppm)hBeo-dmien @ s@me etnlpee wWEF P e |
of the 4alaisxaoaméh melkde wemer geantc el .05f ptpv

a shift of aromatic proton sign@l 60ba
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ppm anmr ¢ haeefn caemi de pr ot Arig eat r &ad 2gcrpquugp
t © haemi n€0 inhe propargyl gAdmaps oo tt haef fle
This can be concludedtfornematthalt 6t0h @ ppnr

aromatic protons

/ /methyl bridge\ 1

85 80 75 70 65 60 55 50 45 40 35 3.0 25 2.0 15 1.0 05 0.0

f1 (ppm)
aromatic protons NO,
\ oM NO; NO,
O )] O methyl bridge
j 2 kl 1 ¥ 1
__1._._1" A - AJL_WMLL—
I T T T T T T T T T T T T ' T N T ' T 1
85 80 75 50 45 40 35 30 25 20 15 10 05 0.0
f1 (ppm)
BocHN f NHBoc NHBoc M\\

/r/OOHo] 4ppm) 5 iy f1 (opm)

aromatic protons methylene proton

amlde protons

JJU k JJL_L

T
8.5 S.U 7.5 7.C| 5.5 6.0 5.5 5.0 4. El 3.5 3.U 2.5 Z.U 1..5 1.0 0.5 0.0
f1 (ppm)

FigB8r24Companifseamemi ¢cthINMRisfpesctirnum be
compo3wh G ndl

3.3 Preparati-ontefabNANng moi eties

Af ter the pr epoaeraatiingn cafl i xl[KMy) eanene pl
secondar yt asigreuc nvgeremo triefgswi r BdAt er cal at
moi eties WwWeEFegpke Pysvkethe, appended to a

has previously been shown t 6%aindt ewhceanl
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covalently attached to oligonuamxmbeofid
stuct d%“etsupsyr ene is an interesting gro
Additionally, a( WRD@pps Relds deah ovsadn vaes i
fl ur ogaardtr u@l ex binding compound-whic

kit gene?®xpression.

H
O Ny Nas N0
(D) 5{ .
L
< A
Cl

FiguZ%® B3zifdwncti obNMANsesadcting moi et i ¢

append a«@rmlamifmd arene

Azi-denctionalised Pyrene
| mr ddeor i ncor portahe d dalei dayresne,o0 functio
was required. Clickable pyrene deriva

met hods i n t h%2-Ryateheheewdstvallsroounpi.nat ed wi
to obdmpdAWBNdvhi thewasreated with sodium
t he afzirhdsohct i pyeé4avseld onl y o (Se hceatrdb.Bn c
The pr ep addavtaisonc omtfsiirtige NM&p ect r osTchoep y

experimenttainsdat@®@nwadsviitei®Cherexi sting

OO
‘0 Anhydrous THF DMF 60 OC 6hr ‘0
r.t., 30min
79% 90%

42 43 44

Scheme 8y.nltlh e saizs dofmelt ©4 | pyrene
Azi-doncti dNndlei ged deri vatives
Thei |l e redwasyrnitvhaatgiiveee dous | (Scldeme??8bed

The reaatriteen withemaidi pk®reari ngt dbhemi n
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azicdoent ai ntmg #&WBbaypmaat mesnotdi wimt hazi.de i
Co mp o whwas ma d23dithformbp@-naphtoquinone and-8mino4-

hydroxy anthranilic acidvia condensation(l performed this st
Becker, a project studédhemevosikea ¢maic
i nt r oudnudceerd anhydrioust hceoaydd i€bdiensrtezo rneaakgee |
compodugndwhi ¢ h neb$ gvicaod umn chr omataogr a|

recdol ored gioelid) (75%

NaN; , H,O
Br/\/\NHz P Ns/\/\NHz
105 °C, reflux
0,
45 95% 46

HO.__O HO._-©O
NHs o O CH3COOK N\ O Ghosez reagents
+ ‘ MeOH, reflux, overnight ’ Anhydrous CHCI3 30 mins, r.t.
OH Cl o o o
Cl Cl

substituted benzo[a]phenoxazines

47
H
N3 _~_N (0]
Et3N, 46 N O
N
Anhydrous CHCI3, overnight, r.t. ‘
O ¢}
Cl

76% over two steps

48

Schem@ S8Synthesis ofedc8 i ckable Nile R

Thetruc®evwaes confsiiHgeNdBRn d s pBRc t r(oFsicgurye
3.)216n 'HhEMR s poefc8t rpunot on il gmpalas i e¢n cthlad
found at 3.75, 3.50 andr@mabi ppmrotwbnsé
red were observed from &#®Rvatso ars.sb5i6 gpnpentd
ppmn tiIRe spectremabsbebanwal, at mnaig6 @then

presence of azide group.
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N3\/\/H o
e
CDCh ’
aromatic protons ° °

on NRD cl aliphatic chain

A ) /W \u

100 95 90 85 80 75 70 65 6.0 40 35 30 25 20 15 1.0 05

water

55 50 45
fL (ppm)

100

—92

80 -

azide

Transmittance (%)

60 +——"sb—a--—-bb-——-7—r———r——v—
4000 3500 3000 2500 2000 1500 1000

Wavenumber (cm™)

Fi g8r26H NMR and olfR csopngp@oturnad

3.3 Conjugatinmg eDHAtIi ng mo i-feu n cetsi owiatl h
cal i x[ 4]JGu AAE s

As discussed in Section 3.1. 2, t wo ma
CUAAC reaction bet w%8&Bo talz i adfe st hmenmd vad rkey

in a preliminary screen to deter mine

the cal(iScareaere 8. 13

The sol anmbirdaAltiyx (@43 mr2ME at room temper :

the reaction required heati B&Gnuygr dne s
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werdé ssol veat A@O &iIMFm ascr obhka5tGora@isCu S
addted ¢gsaéeat heande dacftairorB hkeouesague mah evdh sb
rrmov al fhreocam t theeeedl i t | on OQAff teea |l da qmeatoaurs. w
crude clorloowred product was purifD€M wit

and a.t®tone

When conphaereisrud ts withhéeheombfi asgydioam
acsorbat Sam@ wauso $§ esnubs eqaenttuenso its
yi dl6dvid 0 %)

NHBoc

(‘ BocHN /H\NHBOC NHBoc
N ‘

Cul

NHBoc DMF, 90°C, 2hr j/D/ N% O
BocHN NHBoc NHBoc 48% .
\
7
O —_—
j L J W NHBoc
BocHN NHBoc NHBoc

CuSO, 5H,0,
sodium ascorbate

e @
w g

Scheme 3Iwnol3met hodsc aftoarl ycsaepdk gaeznied ec y c | 0 a

(compododuwunrd exampl e)

Al £t her calixarene conjamngaltoego udedried yp rfec
CuS®HO and facdionmat e ) Scrheeancet i dnldyi el

conjugate are provided in Table 3.1
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NHBoc O“ NHBoc
BocHN /H\NHBOC NHBoc N, ) BocHN /H\NHBOC NHBoG

7z CuS0O,4 5H,0,
/ sodium ascorbate
~

; ([H OQ

o O DMF, 90°C, 2hr

5|

. 0
NHBoc " NHBoc
BochN /H\ NHBOC  NHBoc N, : BocHN /H\ NHBOC  NHBoc

- CuSO, 5H,0
) = // sodium ascorbate /
T 7
o 0o O DMF, 90°C, 2hr
41

NS\/\/N
NHBoc 5: * NHBoc
BocHN

BocHN NHBoc  \1iBoc NHBoc  \iBoc
| - Cuso, 5H20 | 7
N (/) sodium ascorbate NP v 0
/ /
O 0o O DMF, 90°C, 2hr (0] jo %

33 52
NHBoc Ns\/\/N NHBoc
BocHN /H\NHBOC NHBoc * BocHN /H\NHBOC NHBoc
\ y w 0
5
o usOy 2
( ﬁ H W sc():dlfr? a:cllrboale ([ /( )/
z
I I DMF, 90°C, 2hr LN NN _ \J%@
37 53
Scheme Syma#thetici frfoaurterst tmal wixtalr e@eAA o
DNA bindin Cali xaoepnegiyes!l d( %)
Monmrop&B8 1,di3proda 1,di2prodha
Pyrdnde Cali xayee0re Cal i xa6elne Cal i x a r5erp
NRD 8 Cal i xar3er® Cal i x ar3elrna N/ A

Tabl e 3Rtaction yields of CuUAAC for c

104



ChaptSgmtBdesis of Fluorescent Calix[4]arene Derivati ve

3. 5 Bogroup deprotection
Monpyrene s ualsitx aruereed 28

To remove the BokWwadiodealtverdtigne ad@M , awn
gaseoutso HCA8asi na br own (SoHeome!dd3®bhed
met hods t o Fleanboiviee tBhoec apcriodt ect i ng gr ou
or HCI i'fP°Howaewa@e, gaseous HCI was <choc
Boc group tdwi awwlolryk ampd i nvol ves simply r
I n vacuo

NHBoc Cll NH3

BocHN /H\ NHBoc |\ ieoc H3N m/J\)\ NHsCI™ CiNH,
w HCI (gas) w
)/)’ DCM/methanol j /()’
j N% O rt,3hr N\\j\ OO
Q O’
28

Scheme Boiéd5group deplotxacttindcmpol 8dat e

as an exampl e)

Compodiwadpsur iviingelBLfCor itolpehylsi tal gassaybe
compound as a dar k (3y3e¢4 loovve r O.IT yweot aslh eipnse
structure 2@ff tceormppowensdf combGiBmmR MR ( Fi gu
3.72 wiheh tprn awnhet on o-hazioHe X,r s2@ah3 bece
7.79 ppm.
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triazole proton H Ha
e L kauﬁmuu J\Al*

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.C

Figure 3H NMR spectru22m of compound

Protons on tweheenhle 8r,bhiomz dblee amndepyitdhmee dw
singlet at 6.38 ppm, whitlhee prrdtamd eom
were 5.,0npgp mHEBEQCHIyguj)an d3 . HMBICgu).len 3. 2
the HP@E( Fiugu)tkotdh 2t8h ¢ . BBE RANEE)P 766 . 2 7)
ppmepr easvontme&t hyl ene groups. These are
in the di scmsshenHNMBCRiwplicd wih.ethb negx cti h e
carbon at ab@m@6gepmpupsliigngal p rwoatso ndled e
aromatiaB.r@@mno npyhreene region, meugmgest i
gr oup haviomg saiBgén alpads)i s c | tolpeyr .athae n

excitipmgptome at 5 HONSMRp psnp giam o wmerra nlgeen g
couptamigast elet 854 .a40 ppm. The darabmorhas
i nt er atcht iao np rwit on pcecarkr eastp dn dis4d ,t ovhanc har
the callfhkxarasmgh.a06 plp MMRne cthhaes massi gne
t hper ot ons oengdr loal pmedo himyelez toil @ &@nr @ mrgpit nagn, d
assignedhas psidont otnh e d &lh)ivkearree nael $ o beun
interatingawnthher 6iMBECF iBlgperciemrBtm2&®d o f
further confi rawiarsg atth g 5i. D& g s wodbsa t2arthl  (pop.
52.36n ppm HSQC speftrum (Figure 3.28
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W

N - 50
CINH;

Haw*cri/L NHSCI G, \{6.39,52.36} -60
|
6 00 0 {5.07,66.27{ 70

Hp I
S

|, - 80
N-N_He L E
H %0 38
[ T
~ 100
- 110
triazole proton A
{7.79,124.8 - -120
N |
»

~130

7
f2 (ppm)

Figure BSDE spectrum8of compound
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J {8.08,51.82} I
7 Hs . _CINH __50
Hsl /(L NHCI i, 0
| g -
Y ,‘/ ~70
0 0o O

FPE o
i !*B o0

I E
s 100 &
110
{8.08,124.87} _ 120
4 :—:; ..{ a - - -
v ’ -130
: Htriazole ., Ha r
{7.78,143.51{‘ {5,06,143.51{‘ L 140
{6.57,154.3&Hca|ix {5.06,154.40{r =150
T T

T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0
f2 (ppm)

Figure BMBEZ spectrunm8 f compound
1, 83i pysebetituted calixarene 54

Dstadyrysobstitut eé&dprceadirxeadhle3rde pr opar gl ¢
cal i xpdraga@éanmy r ddnveaal d epr ot ected with g
DCM/ met hanollp¢ 8ehema dadf. tspard ovdeunctt evva&p O r ¢
purifiediwathngrécomAgGi dhleylsteulewur at
cal i bawaesneconf itH feMRowct hoscopy (Figure
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CINHj

NHBoc
BocHwNHBoc HaWNH
j)/ HCI (gas) j/r
DCM/methanol
/(N jw O 0 /( jﬁ O
N—N

Scheme Syhabhettiosdamrocomedund

triazole p_ro-tonHE B Ha
wl

T T T T T T T T T T T T T T T T T
85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 10 05
f1 (ppm)

Fi g8Brd80H NMR spectruim of calixarene

As described in Section 3.3.4, the si
protons in the structure, while the si
met hyl ene group connecttime fpayate ntBhMaatn dc
possesses two planes of symmetry, the
ppm to 0.1 ppm. Two doublets at 4.0 a
met hyl ene bridge of <cal i xar erncet camnsd a nh e
propyl groups next to the oxygen (Fi

assigned to respectiveaprda®drforas descr
1,2 pyrene sabskF aeahed

Compoulmfilter column chromatography was
DCM/ methSmnlbdme 3Bheé7 s orlevneonvtie dwdasc uo bt ai n
brown colloiree. shhyessiawpbhenl pwipar ecegdit at
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from diettyl ether at O

NHBoc Cil NH

BocHN NHBoc  \1isoc HsN'Cl’ NHacl CiNH,
w HCI (gas) w

DCM/methanol

GERB T BN EG

Scheme Sythvhetioavards 85 mpound

For compoahnhtachi ngttoh¢ voueyaaebpnea tmoetsiofl b g
i changes in thet $perldstidgnnagl 'Bp aN MRetr npse cotfr
(Fi uiiBBlur t her | ofiviepsrtoitgoant isoingnal s fr om
was achieved COH YU peBL 8Qopy

“NHyCI”

H
Hg.» 5HA

_ RO _
c HSN—C> ' R‘D }NHJCI
7 "OR; OR;
P
Ho™ - B
symmelry plane  Hp ‘ A Hr
Ry= % > "NH5Cl
triazole proton FG
Re= "3y

ST Hs or Ho Ha or He

| | H‘ A

y| Jl_g

v

8.5 8.0 7.5 70 6.5 6.0 5.5 5.0 45 4.0 35 3.0 25 2.0 1.5 1.0 0.5

FigBrdd NMR spectrum of compound
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|

il J \_Ju “b w I M
4\ “NHaCl || 3 &
i i ! 15
He [ ) 5 i
HE\E 8 o EHA i
Cod | ! ‘ F2.0
R{O P | ! :
CIHaN-: f‘ OR RiO- ’D—NHJC‘ i1 HaorHc ! i !
2 OR2 : " ; "
r2.5
j symmetry plan HF Hs or Ho 'HF i .
3.0
%“ i( " "NHsCl L "
e Hg » "o
— L/I " " 3.5 =
Rz = (.< =
HGN ST ?_J\ /;—ﬁ\‘\ Ha or He =
=, - ‘/ » —'"® 4.0
- \u " He
) —/ He
Azjé L Heor Ho Fa.5
I Fs.0
5.5
—_— " H6.0

60 58 56 54 52 50 48 46 44 42 40 38 3.6 3.4 32 3.0 28 26 24 22 20 18 16 14
f2 (ppm

Fi gur eC@SWB2spectrumbonf deampaured met han
As shown in the COSY spectrum (Figure
4. 25, 4.10 and 3.60 ppm are coupled wi
protons can be assigned as the diaster
prosiognals at 6.10 and 4.50 ppm do not
on the spectrum, thus these protons s
described in Section 3.3.4, protons on
pyr ene ushuaglhleyr hcahveemi c al shifts. Thus
assigned as the methylene between the
at 4.50 ppm can be assigned to the met
Compared t @&8&cndippumdandétd precqtFomguHe 3. 3:
Figure 3.32) are split.

MonNRDethered cal X[ 4] arene conjugate
MonMRRppewaéedxba2vaemaeden an anatl@G%@Podds wa

(Sch®2mMe8 Trea cod w

dedpfrvelprcotwe ¢thi gmseous
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was redissollvadd mpusdatinmat @ytledet her f ol

before shamatc¢tuenril zafi on (Scheme 3. 18

NHBoc cll NH

BocHN /H\ NHBoc 5o HsN'C /(L NHACI CINH,
‘ / 0 o}
T ~ / HCI (gas)
o) o o cl
o DCM/methanol ©
rt., 3 hr /(
NN N
N- N\J \J %@
52 56

Scheme Brépar at i-MRD o u bmotniot utbedr @A 1 | X [

ProdaaveasonfirmedNMRthpectrobicobypwot ant
at aroppdct 80o028.5 Ppm. (Figure 3.

CiNH;

HaN'Cl /H NHEC i,
w 0
0o O cl
/( /(/r e /
N N

N N\JNH

methylene protons

calixarene
triazole proton  aromatic protons

I

85 80 75 70 65 60 55 50 45 35 30 25 20 15 1.0 05 0.0
fl (ppm)

Fi gure 3H38BMR spectrufm of calixarene

As shown in Figure 3.33, t he NRD was
ppm to 7.3 ppm, which were accompani e
and one multiplet at 2.4 ppm represent
moi ety. Eme et Myles-swms ttihteut mwéwae @AE 1 X
identified as 4 doublets from Rr2aboppn
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on the carbon atom (Ha) connecting the

were found at 4.9 ppm.
1, dMBRB ubstituted calix[ 4] arene conj uge

Dst aNRByubstitut &@vacsalsiexpaarreanteed f r om t h
vial umn chrgogwhtobr avplsy further deprote

anl ogues way t & {pScelhpeames X.all9 xar ene

NHBoc
BocHN NHBOC

ﬁ? °; RS e
a% - ) N*U“: N

H3N C|_ NHBCr NH;’CI_
HCI (gas) O -
DCM/methanol Q | L/ 0

rt, 3hr \W ! YY" 7 %
cl o Oop O cl
N )/)/ /
) /(N Nj\

Schedbe 3.-d3 NRD substit btferddbidal i x[ 4] ar e

The struct ub@é sdify dcraolgiexnarcehnleor i de M al t

NMR spectiroscepy. B &
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Fi gure 3H3MMR spectrufn of calixarene

As desci 5§ Beduftere3 .p4)t on on the triazol
ppm and the NRD moiety can be recogni
ppm. Protons on the carbon atom conne

triazowergrbapnd at 5546 ppmto@Gsesmpar ¢ d

bridges split into two doulets at 4.5
met hanol signal).
3.3 Preparation for biophysical experir

Before any bitohpdi epiac ®&Id & sagpapyeshsd e(dp yarnan

appended <calix[ 4] arene) were tested f
Solubility resanddsprdova Teehedd@3fi2vealni d¢ge
on the table, thoughulalé iIlnmgponde wpatee@r
i n bugéper aldiuwietdhn c r ecaosmpniges hey st ructur
sodium concentration iinn bbuofdfideai nilnggasn

chl odeicde® @abacsompoadBmahdo mpoudweer t he t wo r
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