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short turnaround tinme. [003] A fundanental process

carried out in a DNA biagsensor is the transduction of
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25 [004] Optical detection methods typically require the use of fluorescent

- molecules. Hybridisation of target nucleotide sequences labelled with

fluorescent molecules (e.g. ethidium bromide) can be detected by monitoring

the increase in fluorescence that accompanies the hybridisation between the

probe and the target nucleotide sequence. When employed in conjunction with

30 surface modification techniques, fluorescent labels have enabled high density

DNA arrays to be constructed. Massively parallel reactions carried out on high

density arrays are able to rapidly elucidate nucleic acid sequences, and thus
substantially reduce the amount of time required for analysis.

[005] However, fluorescent labels suffer from several shortcomings. For

35 example, tedious procedures are involved in the attachment of the fluorescent

molecule to the target DNA. Moreover, only a few of the fluorescence-based

detection techniques have sufficiently high sensitivities for the detection of DNA

ecnol ogy has grown to



density arrays are able to rapidly elucidate nucleic
aci d sequences, and thus substantially reduce the
wapmanz1ied tinme required for analysis. [005] He@E®€2005/000163
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development of catalytic/enzymatic biosensors are the large background noise
accompanying the signal and the sensitivity of the sample assay. Currently,
many electrochemical biosensors are still plagued with low signal/nbise ratios.
30 Most DNA intercalators not only bind to double-stranded DNA (ds-DNA) but
also, to a lesser extent, to single-stranded DNA (ss-DNA) molecules by
electrostatic interaction. Several approaches for obtaining improved

intercalators have been investigated.

[009]  Takenaka et al. synthesized a ferrocene-grafted naphthalene
35 diimide (ND) threading intercalator that was reported to bind to ds-DNA more
selectively than usual intercalators (Anal. Chem. 2000, 72 1334-1341). Similarly,
Makino et al. disclosed a ferrocene-grafted naphthalene diimide threading



conmponents. These advant ages render el ectrochem cal
bi osensors suitable for field tests and hone-care use.
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76, 1611-1617).

[011] In studies where transitional redox active metal complexes were
used as homogenous catalysts, the analytical signal obtained was found to be
superimposed onto an intrinsically large and fluctuating background current

30 which. obscured the analytical signal indicating the occurrence of hybridisation.
The large background current was determined to be the result of the direct
oxidation of the catalyst, and the catalytic oxidation of theé oligonucleotide
capture probes (CP) by the catalyst (Anal. Chem. 2000, 72, 3764-3770; Anal.
Chem. 2003, 75, 6586-6592). One solution that has been developed towards

35 eliminating the catalytic oxidation current is to replace the oligonucleotide CP
with peptide nucleic acid. However, the problem of direct oxidation of the
catalyst was not adequately dealt with. In enzyme-based DNA assays, the-



mechani snms. (Anal. Chem 2003, 75, 3267-3269; Anal.
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wherein
each of L, and Ly, is an independently selected from a linking moiety
30  comprising 0 to 10 main chain atoms, optionally substituted;
‘ each of Z, and Z, is an independently selected complexing moiety
comprising at least one nitrogen atom;
either both or one of Z, and/or Z,, is coordinatively bonded to a respective
transition metal complex MaV, and/or MV, through said nitrogen atom, wherein




detected with a bi osensor having such a bilayer
configuration. [013] Despite the devel opnents that
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the present catalytic biosensor§ for which continuing
efforts are needed to inprove their performance

W t hout incurring prohibitively high manufacturing
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i ntercal ati ng conpounds. In on
aspect, the Jnvention is directed to a conmpound havi
the general” fornula (1): wherein each of La and Uis
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substituted; each of Z and—2Z Trqte_p\fndently
sel ected conpl exi ng Yoi €Ty cOMPiLINg a east one

nitrogen atom eithef both or one of Z andfor zb is

MoVl hrough said nitrogen atom
and. Kb iys~an independently sel ected

transition net nifear @ Va and Vb is an

i ndependent | y séTect ¢d~yal ence group, with the proviso

that the foll ow n@@ds are excl uded: which are
respectively discl d [ EO003] First International ‘
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[016] The invention is further directed to a compound having the general

formula (1i):

conpl ex MaVa and/
wher ei neach of

wherein
each of L, and L, is an independently selected linking moiety comprising

0 to 10 main chain atoms, optionally substituted, and
each of Z, and Z, is an independently selected complexing moiety

comprising at least one nitrogen atom;
with the proviso that the following compounds are excluded:

a)




[016] The invention is further directed to a conmpound
havi ng the general fornula (1i): wherein each of L and
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conprising O to 10 main chain atens, optionally

substituted, and each of Za and Z is an independently

sel ected conpl exi ng noi ety conprising at | east one

nitrogen atom wth the proviso that the follow ng
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and reacting the naphthal ene diimde inter msHi at

a transition netal /\n/ N
: H
0]

b)

Hal o O ox—\HEOC



conpl ex, thereby coord inatively bonding the netal
conplex to the at | east one nitrogen atomin each of

wQ@pooanelisy Z2. [018] The invention is al so di reCt/e62008000163
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the use of the conpound of formuFa (1) as a double
stranded DNA threading intercalator. [019] In a
further aspect, the invention is directed to a nethod
of detecting a nucleic acid, conprising:contacting at
| east one capture probe i mmobilised on a substrate
with the nucleic acid, said capture probe having a
nucl edl i de sequence conplenentary to the sanpl e,
thereby hybridising the nuclejc agid,with the capture
probe to forma hybrid; contag Qe hybrid into
with a DNA threading inter | t he genera
formula (1), thereby ikté 4 the hybrd d;
contacting an organig<acid with the intercal ated

hybri d; applying an di sing or reducing potential to
the organic acid; agd determ ning the el ectrochem ca
response of the o(J% ic acid. [020] These aspects of
the invention wil|¥®e nore fully understood in view of

10t he fol | owi ng description, drawi ngs and non-liniting

ex i ffearBRHET tREPRLHIE! l%trﬁaﬁcgﬁ@%wﬁ ({égrg\jeh in a) and b) that
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nor mal i ‘?Séict}r%' \fi,43,5%—ﬁa&p{ﬁgfe%nt%?ra%gﬁocog&ﬁc cHianhydride with a primary

amine having the formula (IV):

HoN——Ly—Z,

and/or a primary amine having the formula (V):

HoN——L,—Z,

thereby forming a naphthalene diimide intermediate; and
reacting the naphthalene diimide intermediate with a transition metal

complex, thereby coordinatively bonding the metal complex to the at least one
nitrogen atom in each of Z1 and/or Zs. &

[018] The invention is also directed to the use of the compound of
formula (1) as a double stranded DNA threading intercalator.

[019] In a further aspect, the invention is directed to a method of
detecting a nucleic acid, comprising:



PIND-Gs ( 1), Os(bpy)2Ci2 (2) and PIND (3) in ethanol.
[025] Figure 5 shows a normalised UV-visible spectra

w@R0PRNDS{ 1) and PPND-Gs (2) in ethanol. [026]PE/§62005/600163

shows an el ectron-spray ionizati®n mass spectrum of

PIND and PIND-Gs. [027] Figure 7 shows an

el ectron-spray ionization mass spectrum of PPND (1)

and Pl NBonfctinpGd¢asti ang ea@ire pmbe infreobiéised on a substrate with the
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electrolyte, and a potential scan rate of 100 nV/s was
applied. Trace (ERIEFRDESGRIPTION OFTHE IRANINGE

hybri di sed | n,bl.ank PBS f ison. [030 ..
) gur ORB < hEWTerL ehiBRoaedeneral sYpbiRais: ShempNSTRbtaining the
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o) Sl e b BT 4 90 ooy e

)

|
SuFPBIPOURGS of dae invieptien iaiged asdntescalataratortheodetectin of a target
V Waigo otRfe sBEhAhEEPTRESHEE RSN dHBRAl aTb‘F\lNrtﬁée%Hsor’s typical

invention s based on the f|nding that naphthal en
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O (7] 5 B0 P To¥. and SREBLEA LRIEH T BbALET i ) of g
Dl\wiﬂ1l‘|¥|é&ilmgthb/mrgiu¢dt BBS. was used as the supporting electrolyte, and a
potential scan rate of 100 mV/s was applied.

[024] Figure 4 shows a normalized UV-visible absorbance spectra of
PIND-Os (1), Os(bpy)-Cl2 (2) and PIND (3) in ethanol.

[025]  Figure 5 shows a normalised UV-visible spectra of PPND (1) and
PPND-Os (2) in ethanol.

[026] Figure 6 shows an electron-spray ionization mass spectrum of
PIND and PIND-Os.

[027] Figure 7 shows an electron-spray ionization mass spectrum of
PPND (1) and PIND (2).

[028] Figure 8A shows the gel electrophoretic results showing the
dsDNA binding property of PIND-Os. The following ratios of PIND-Os to EB
were used from lanes 1 to 5: 0/40, 2/40, 5/40, 10/40 and 20/40. Figure 8B
shows the cyclic voltammograms of PIND-Os bound to a poly(T) oligonucleotide
coated electrode before (1) and after (2) hybridization with 50 nM of poly(A)
oligonucleotide. PBS was used as the supporting electrolyte, and a potential
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(I) denot e Linkin m)let {hat ocat e etvver}1

rgsg HB the)ilayention as Ha ercala ors can achieve very high levels of

detec’uon sensitivity. [t was found in the present invention that under optimised

conditioné, a specific DNA sequence at concentrations of about 0.2 to 600 pM

can be reliably detected with biosensors using the present compounds as

30 intercalators. Under certain conditions, the detection limit has been found to be
as low as about 100 fM.

[032] Some advantages of the present invention are as follows. Firstly,
the compounds of formula (I) are water soluble yet very stable under ambient
conditions, displaying high electron mobility, good kinetics and electrocatalytic

35 efficiency. Coupled with the electroactive and eléctrocatalytic ability of the
fransition metal complex present in the compound, these characteristics provide
an interesting means to detect a target DNA sequence at high sensitivity.

U‘l
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[034] L. and L, as defined in formula (I) above can be any straight
chained ‘or branched, substituted or unsubstituted alkyl, alkenyl, alkynyl, aryl,
acyl, cycloalkyl, cycloalkylalkyl, cycloalkenyl, or arylkyl group/radical. When the

30 compounds of the present invention are used as DNA intercalators, L, and L,
are preferably saturated, branched or straight-chained, alkyl groups. The
number of carbon atoms in the linking moiety may be increased or decreased to
vary the length of the carbon chains carrying the transition metal groups, and
thus provide a means to vary the distance between the transition metal groups.

35 [035] Alkyl groups may be straight chained or branched. This also
applies if the alkyl groups are present in other linking moieties such as acyl
groups, carbonyl groups or in amino groups, where they are substituents of



hydr ocar bon chain. Exanples of preferred al kyl groups
that are used in conmpounds having fornmula (1) are
woredolsye11s®et hyl , propyl, isopropyl, n-propyl, bRCHBEG2005/000163
n-butyl, tert-butyl, pentyl, n-pentyl, iso- pentyl,
n-hexyl, iso-hexyl, heptyl, octyl, nonyl and decyl
groups. [036]" Exarrpl es of aI kenyl” groups include all
aI i theae igrotpslr locand @msbddimenty edcH el apael, is an aliphatic saturated

" REp SRRy ofidty ExtBles o PR ARl cuflbg et pre used in
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ar ovien usedids oedin ohaef ediddly cah éayk upteptt Mdin cflﬁin}darbon atoms.

o SulBBTrLY Exdifips G ciftad 8duds Stidaned S branched
10al lydsocarban oxiphts wich cconbainy &k Iedstromatnpleecaﬁﬁb?ﬁd:arbon double
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nor m cont al ree
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Q’C| 02[03810 I FhaplEs 'Bi’yal@i $8diB8IsS Wi}ﬁl'i%é ;é;llegarbt)eg?lkc or heterocyclic

exan;g'?}?gc %GE’ﬁFag eﬁ%gh& Pbg'?!tdlt %;P Hb eyl %bﬂﬁﬂr@afybfAryl radicals
15 cymaqalalgd beammﬁtmé@ di‘)&lb%ﬂflﬁ@d |w1tfg§gb€)t|ﬁglégiso(s#c§r} as halogens,

Cy%n"ﬁ'lpsg #og?%én “%éﬂxlé Z@Bg?(@'ﬁp}é‘adl calg are

4- met m:sg]cyleMo:b)@Pkylora(ﬁcﬂsdlanet satursieidopayetiy| hyfimicarbons  which

exﬁﬁ%ﬁlly{)[ggﬁ%n Cﬁiﬁé 3 e%“ ve% %a%ﬁaitémﬁr DrERBIPUHRE or six ring

cyEP ncgioms &qu'%lkﬂoraalcfaiﬁ mgyAlge bereubsjitted foylexample, by one
20 gr oMoy mmwah@ﬁ difféent Qall$yI Xratlicags, C8UdP BsA@IRyl or ethyl groups.
ycI radi cal s
%bﬁ’i '@clrag’\éﬁlsyl%?hﬁyc'o&%mldhe%ﬂ'%t?Wl cyclopentyl,
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Lﬁgéaq I{%@g t%\‘é‘% ﬁgﬁﬂew @Kcléﬂé%;]l i %2% 8%%@&}6%{0%% %y"i1 for 8k&mple.
[040] ycloalkylalkyl radicals are saturated hydrocarbons which are
25 derived from a cycloalkyl—substituted alkyl group. The cycloalkyl group
normally has five to six ring carbon atoms. Examples of cycloalkylalkyl radicals
are cyclopentylmethyl, cyclopentylethyl, cyclohexylethyl and cyclohexylmethyl.
Cycloalkylalkyl radicals may in turn be substituted.
[041]  Cycloalkeny! radicals are unsaturated cyclic hydrocarbons which
30  normally contain three to eight ring carbon atoms. Cycloalkenyl radicals have at
least one carbon-carbon double bond, but may have 2 or more double bonds.
Cycloalkenyl radicals may in turn be substituted.
[042]  Arylkyl radicals which may be used in particular are benzyi,
phenethyl and naphthylmethyl groups. All groups may be optionally substituted
. 35 or polysubstituted, for example, with a halogen, hydroxy, amino, nitro, nitrile,
alkoxy, or a carboxyl group.
[043] Halogen as used herein refers to any one of chlorine, bromine,

5



normal Iy contain three to eight ring carbon atons.
Cycl oal kenyl radicals have at | east one carbon-carbon
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Cycl oal kenyl radicals may in turt? be substituted.
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t hus not part of the invention. [045] In formla (1),
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pen S meani ng
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25 aromatic moieties carrying amino or amide groups, as well as aromatic and

aliphéti_c radicals carrying —N=0, -C=N, -N=N-, or —C=N- groups, for example. A

suitable class of aliphatic radicals are primary and secondary amino groups. In a

specific embodiment in which a primary or secondary amino group is used, the

nitrogen atom of the amino group is bonded to an aliphatic alkyl group having 1

30 to 6 main chain carbon atoms. Examples of such alkyl groups include methyl,
ethyl, propyl, propyl, butyl, pentyl, hexyl and isomers thereof.

[047] In some embodiments of the invention, the complexing moieties Z,
and Z, may, in addition to nitrogen-containing functional groups or moieties,
include other suitable functional groups which are able to displace weaker

35 ligands on the transition metal complex. Examples of such functional groups
include -COOH, -COH, -COOR, -SO3zH, for example.

[048] In another embodiment, the complexing moiety comprises a
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15 prehemdﬂbelnnlehtixa s*_oeieeted! transltlenlnmlecwzcdrmi eauhl okV,; and V, is an
r r p
sp iplelis E‘ud‘é}%g OIse ngétgﬁ \%éﬁ'@e ﬁ?@lﬁp gh%,p%ég%:%drp .?g %tswtagle transition
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I I
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25 ebpdsdritals &°chabhdd cafiormdeniuaivil haveh SdsitirdeMarge of +1, +2, +3 or

+4. Specific examples of transition metals that are suitable in the invention
include, but are not limited to, ruthenium, osmium, rhenium, iron and platinum.
Due to the high catalytic efficiency as well as low redox potentials associated
with osmium complexes, osmium is presently preferred.

30 [051] In order to satisfy the coordination valence of M, and/or M, the
valence group V5 and Vp can comprise any number or type of valence members.
For example, if My has a coordination valence of 6, M, can be coordinatively
bonded to 5 or less valence members in which each valence member
contributes 1 pair of unbonded electrons for establishing a coordinative bond

35 with Ma. The complexing moiety takes up at least one coordination valence from
M. in order for it to be coordinatively bonded to the transition metal. If the
complexing moiety is a bivalent species such as bipyridine, then it will take up 2




activity suitable for producing a detectable
el ectrochem cal response nay be used. Any netal
w@edosaza® from G oup 3 to 12, preferably G oupBRCBSGZH05/000163
11, and nore preferably Goups 7140 10 (I UPAC, 1990), :
may be used. The transition netal Mand Mo may be
present as a charged or uncharged species, depending
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pot esmhpalisdsasinoaititiedthe tdompleking enoietieseg, Qﬁdl @ bfe different.

cooé%(qﬁéeét@%?fgﬂ”ﬁ%@%)g% h]%?o r eqr%t %fiﬁrg(t IQ,liep éﬁggvo fransition metal

gr oepnplexest Bbthcdn andrﬂumay& each beubbededto tbmgamfe type of transition

val f I I on .

V21 8868 SFRBKy 7SR e bR RS (o072
10y e sgyaiiad amide a.memmmmmmx rangagh lsagreﬁeé withrigerubidium complex)

co t n € 1§10
TR R O e 2 or 200

corhf Eansitian gaetgh camplexadh asder ioebtsima eaApound having
val fehea fserBﬁuké I 2, ahdle, chAbe éhd%n%dé@@ih@ly‘“%ﬂéﬁbhple Z. may be

o e dram i Siftie radiBel el has p nlrO8eR Alom Wit Sfreselectron pair
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Igo rﬁ:lg)é{]da/@rs’ﬁrf affeet thel ﬁtér‘é@ldtmgg?nohlgtﬁlr@gn%ﬁe%@ﬁnm)GF\? q hinder the
crigp\W/HW a@ %[‘ r@as DNA t hreading intercal ators
20ar e a{088Ft r ilnanecembodirdsni, l‘llhé\ﬁasyl‘mrﬁétﬁcépmh 8URE of the invention

ggl?%(%ﬁ eésﬁ&lﬁﬁq aéf(fq %ﬁgqj{oi"ﬁ% >9ogﬁ>ée>8|?gtm9|etles The imidazole
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pyridine/bipyridine.
[054] In a particularly preferred embodiment, the compound of formula
(1) is an asymmetrical compound having the formula (l1):
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bonded to the transition netal conplex. In order to

obtai n a conpound having such a structure, Za and Zb
w@awshezrishosen accordi ngly. For exanple, Z nmayP@BESG2005/000163

chosen froma suitable noiety that has a nitrogen atom

with a free electron pair which can be conplexed wth

a transition netal conplex, while Zb nay be chosen

fromany noiety which may not have any available fZLee

el ect ai nnfipe S8R j I .t . .

ca bgogsnp s&?ttggl_e nol @Wléggll},gﬁe. Ig{skﬁ?qe%ég%gfe.ethyl r.adlc.als.

adg%f?esQP lexing Maily isAnitidraelenyhils theepthescomplexieg moiety is a

comparphdlitg. Ihi thepartibalas Wabimenf ol & neorRHIch metal complex is

.enbodi.nment  th trical conpoun _
SE gﬁ’ﬁ@ngﬁ@rﬁg &Bﬁﬁ'ﬂgﬂ‘é‘eh{ 0845316 ﬁ&”ﬁ%@%ﬁi@{g’?’ﬁép- The morpholine
cogpdgxiimonatobendexs .to Tasy itrardition] enstaMRofpled MRkefrdnsition metal

rePRe o s (ARPRURRAT By SRBf, i Agnie Goy comprises
i s biyridisenaed chiprigieyligaraiss iThiecoverall zhargeilexo eBthsosmium cation

asm%'gaé Iy Jontercalator carries only one transition
net a Bféén?j?rqt 2|g;roup. O her conbinations of Za and Zb

10 t hat E386]contrempothesapaniculeslyi preferred rembodintant, 'theoI compound of
i m ol iRE kg /2N
oy AR B M Rco RGN ARG RAIfffa e, o

enbodi ment, the conpound of formula (1) is an

asynmetrical conmpound having the formula (11):[055] In
the above formula (I11), the lo nkrmloetles are ethyl

radi cal s. One conpl exi ng noi epy xR m dazol exyhil e
15 the other conpl exi (Rl iNs a)me pheline L /tNI S
particul ar en(‘;gtg)gj,;reﬁt/, only o ysi i on nBt aFtN,

. . T\ Os(byp),Cl
conplex is present, and is cdordMrdti vel y bonded to

the imdazole group. The norpholine group is not
bonded to any transition netal conplex. The transition

 Val o877 ol calnbRi Sesdh B0y Mheiiahovar@reHia (ladhat the two linking
20 | i maiedies aTh@rwﬁwadibama'hgmtﬂbm;ﬂeﬁiﬁghn@il‘ég}a?@ré%io‘éﬁole groups;
iy S b ke S BORIAE BB G S porpigres. Each
SYRRTRILM GOIMRIeXpeamprises, iang osheumocativrs, @1 bipyrid[@5Tiyands and 1
| teHIGHIn BgdREthEFEHY BroRIuBViRie Qidfh 2hhtdd & 483k tﬁg%ompound of
t V}grrlnhgk(ll%gm its unoxidised state, or +4 in its oxidised state, the oxidation state
25  of osmium in this case being either Os(lll) or Os(1V), respectively.

[058]  All possible isomers of the compounds having the above specific
formulas, well as mixtures of the above two or more of such compounds in all
possible ratios are within the scopé of the invention.

[059] The invention is further directed to the intermediate compounds

30 which are used to produce the compound as defined in Claim 1. These
Jintermediate compounds are primary derivatives of naphthalene diimides
obtained by reacting 1,4,5,8,-naphthalene tetracarboxylic dianhydride with
primary amines which have structures that correspond to the linking moiety and
complexing moieties in the desired compound of formula(l). In other words, an

35 amine having the formula (IV):

HoN——L,—Z,



noi eties are propyl radicals. The two conpl exi ng

noi eties are imdazole groups; and the two transition
woredoalizaenpl exes present are osm um conpl exes. PEESG2005/000163

osm um conpl ex conpri ses an osm tén cation, 2

bi pyridine ligands and 1 chlorine |igand, thereby

producing the overall charge of +2 in the conpound of

formula (111) in its unoxidised state, or +4 in its

OXi t ,@)gjqﬁl ate of osmumin this

cas%ﬁ%/g?ﬁg a?ﬁ'tﬁﬁe@ Ieﬂ’)@f'rhﬂl‘écé}() respectively.

[058] All possible isoners of the corrpounds havi ng t he

above specific formul as, wetldN-as—lpi—xtZy es of the above

5two or nore of such conpounds in all possible ratios

are wthin the scope of the invention. [059] The

i nwehéredm Lis Li,uZt havd @, riedtee thd Gahie méﬁrﬁﬁm GIeﬁned in the above

o BAHHET 3 ff e G oL ARG O AR e dh other words, »

pr i single araimevist usash thén ribg lkbhaspardidgi rnteutmdcdmamhem symmetrrcal

b AESEISRT S e BOACE 0ok R AR Fppegistes wi b

10t ha t@kﬁllerdespond to the Iinking noiety and. conpl exing

moi et ifpgof N t@;ﬂnﬁﬁ‘%héaqqnfe‘?m%iéﬁg c%?%ng%{ﬁ&g ?@;&h EE{IdLsclosed in the

ot he¥ wor ds m_ne havin

Zaralesengs [ ?hf\'fﬁhg“‘iﬂ@aﬂ%ﬁﬂulﬂe?mmcI—@anfer@ncibon Synthetic
whaDgjanid-Themi ﬁ%a(ratﬁch@vwwema%mmebngséﬁember 1-30, 1997

(DAL Pelld, Hoapids TB AR SE3ich of ks e

15si r@nmlemngemofetlesecﬂsclbsm théreirc auhicks [addiongsymmetrical compounds
'ntfegé‘#it@ittﬂe ré&erﬁﬁn g)tl‘l cal. However, if two

asymmet rical internediates
will HB6dbt ai Hw. "’W@B’@?n Stamalsei eliectast efoneali mathod of preparing

c OW&ﬁwd’éﬁ habing" fbrﬁlr'u% l(PSethd h@?elr Rh&41§ ero[uF{ CI’Qﬁ’l’ormrng the

First I on ctron nf er ce on
O GORROLGH oy (s i hm@ thel 7 Fistiip de b P-stop process. The
20Sepyatiemis toe, is1985cribied deetaﬂeds ffbm% hErrstn\aeﬂtapﬁﬂhalene dimide
Ho ub on rs.and c
oS OSBRI BT By b GAR. <H 4 A naphinaiens
Coﬁ@r@mﬁrg)oxyhc dlanhydrrde (herein aﬁer referred to as ‘dianhydride’) with one or
two primary amines which have structures that correspond to the linking moiety
and complexing moieties in the desired compound of formula(l). In other words,
25 an amine having the formula (1V):

( Dr-rr-

HoN——L,—7Z,

and/or an amine having the formula (V):
30
HoN——Ly—7,,

is reacted with the anhydride, thereby forming a naphthalene diimide
intermediate. -

35 [062] As noted above, the compound of the invention can be
symmetrical or asymmetrical. If it is desired to obtain a symmetrical compound
of formula (I), that is, where the two pendant groups attached to the diimide



are part of the present invention. [061] The invention

is also directed to a nethod of preparing conpounds
whawsngiformul a (1). The general synthesis rouP&r/$62005/000163

form ng the conmpound of formula 1), which is

illustrated in Figure 1, is a 2-step process. The

synthesis route is described in detail as follows.

Fi reaffold aegptn baltbesameritten diee dianthydddéiis reactedivethepne amine. In

ot S o F@@@P‘gﬁéﬁ)p&*"*ﬁ*e%he B di2iRRfis wil be subsfiuted by the

as Sem]%ﬁ‘ﬂya?d ifergb wr%mg @rsymmetﬁpah@wldaﬁnteé@emﬁt@hHowever if

haVéhcéé rﬁﬁ‘ﬁ)ﬁﬂr; i cbhﬁioum{ lfs% Fb@;&gggepggwé gﬁl‘éorgﬁt Wﬁé@b}' amines may
fo(rjrfﬁj n‘%f a%t?ﬁ’ﬂthgf‘ gﬁ ani ne havi 28 t he

;or nrul[363] V) :InHgtNs Leea?.ﬁlonndmer palmdam tamlh@\éagﬁcrzlltdﬂﬁhe dianhydride.
t noWihBut Wshing Yo e, il ok dREH STl Bablith e Sssified as a
[OGﬂJcIetm)hﬂm edbstitutien rehetiaronpoutie purpdse iofveutaing the reaction
Carknji’%c%ymﬁé é&&ﬁo@raﬁﬁmﬁﬂ%k@? n#écﬁéqlérﬁ ﬂ?ﬁf )ﬁgke substitution

or M
10j s nu;qlmp@ulmbnm@l@c@gﬁd&hb) @ﬂeﬁt@@lmx myebet@pplhzeble Regardless of

di itAb fesdRirigtdronte a&Qun"Pi%dt {2 R3B%on 'baﬁrbé Bﬁned out as shown in the

di anhydrld |'s reacted W th one am ne.
t heEXAMPIBBLIOphi 1 ic sites on the di anhydrlde W II be

SUbSt l[DG#]E‘d a7 géﬁérélaltﬁ?e ml@ﬁprdpbﬁi&@opﬂ@#éégé@ltﬁemployed in the

o2 Traatart 2an Y, Veed VS € 5elaibel, Widkotande, she Fartipdar amount of
15t ypmhcrbaatanhd:e use\bding weithin tlee krawtedget df thiose skilled in the art. For

di d

alt taég% I ’hg i %%]b dé ntgéljéag\t', ?ﬁa%deggs%flt%ﬁ rfgé @gh%%%@d@ﬁ ometrically
by smn@lﬂryquantéyr agianbiydrigs- E@Wﬁ@ﬁ*xflte@ alsoapossible to react an
nU(éx@@Q@bi’U%nﬁyéﬁdéé mth@smaniahaﬁty o?%rm.heg pur pose of

eval u react| on kinetics reactiop,
com&&égfnoaﬁ“%ﬁﬂgm%rﬁa”n ﬁe?%f“?ﬁeo's‘,hb'%tfi‘qmﬁugﬁble vessel which
20nudirevigbs | sufidiento bextacting (K¥pentihbardattantsRFobesimplicity, a stirred

0GP fia ARG STl R ARS8 584 gg fothe rescor i
t hany order. For example, it is possible to dissolve the primary amine(s) as
mentioned above in a polar organic solvent, such as an ether, preferably cyclic
ethers (e.g. oxiranes, oxetanes, and other cyclic ethers with 5 or more carbon
25 atoms such as tetrahydrofuran). The sterically unhindered oxygen atom in
ethers carries two unshared pairs of electrons, thus favouring the formation
of coordination complexes and the solvation of cations. Subsequently, the
dianhydride is added to the mixture, and the reaction mixture is stirred and
refluxed at an elevated temperature for a suitable period of time to form the

30 diimide intermediate.

[066] Where a symmetrical compound of formula (1) is to be obtained, a
single amine is reacted with the dianhydride. The diimide intermediate that is
formed can be obtained directly through precipitation. For example, in one
known method of preparation, an aqueous acetone is first introduced into the -

35 reaction mixture to dissolve the diimide intermediate after the reflux has been
carried out for the desired period of time. Subsequently, anhydrous ether can be
added to bring about the precipitation of the intermediate. If two amines are

U‘l



exanpl es below. [064] In general, the nolar

proportions of the reagents enployed in the reaction
w@avsheiiyari ed over a relatively wide range, tPEI/SG2005/000163

particul ar amount of each reactdgt to use being within

the know edge of those skilled in the art. For

exanple, it is possible to react an excess of am nes

W tadd@dstocfo[rmammymmatrlo)al sompbend giherreactjoroproduct will contain both

di qpdy %Mgﬂ% rlcg? 'és fhe. bﬁyrﬂh?étn{f‘%lséérhh?uh@ 'irf"’tﬁfs case, it is

an exces )It/ es wt
aningssiblg d@s}sotm téec%mmeérwabecmpw@@ tbmugth amy conventional

SUIhédns: RASR soésthetfattioAes c%#éﬁta%gtabh‘g%taaédmﬁﬁtatlon of such
bet n the ea tant For , si

C
5y ede? e DOl A S et G BN Gacha B achieved
t h@str&ﬁétﬁ efudnt tmwmﬂpiﬁs‘es §@brrfb¥rmﬂdneof pdlalt solpenisisuch as alcohols

2 Vs YeGacnaiels) TBoCThBRe L &R ot RisrotgmataAns y Ehioroform,
cya:lmtdomtettwlme( ang. temvachlmeethytemt dptionadiyd iroohder to further purify

c car 0 ch.as
y‘théd ﬁi}s/rgltrageed Sas%nﬁ#elﬁcgf tp%"gcg’l %ygﬁﬁ%ﬂ% d%%j\éé Eaﬁ be added to the
10at chromategnephicalht iseparated aawhmeércmqjammpeﬂnds The same eluent
el @gHOR thé héﬁrohf‘a‘é r?p'gng:t af‘é)cfdi‘?atdaﬂnb@f psed as a solvent here.

coordl nati on co esovalono catl ons.
subNevgiibgtass, thﬂw@'&ﬁﬁhﬁ%ﬁ%ﬂ’eb?@ diffieeant:eorapeund fhar the eluent. In

an@ heasee dtd b%ﬁ‘iéﬁ%&l eonfpsirids &th fHsh b@felxtté@tédaﬂromrthe solvent

evat ed {.e at a suitable period of tine
w{wt% B! BoENt AR tINg G AoHReRS Rordane add, such as
15 symydtcrgetr\abhlond@oastdih@feﬁrecmn ao(vbht |'Ehet ashanudttiealnssnpound can

d| | Ir%ng p?{%érbeng Sac?cﬂﬁg ha‘?f amawotrér?r)z .ég%gggous Ieg'xmoma to the

di extracly t hr ough precipitation. For exarrpl e, I n one

known [g#0d TSR ERiBimeAs 3UABURMVBAASAN Tirst step of the
actio Xxture t O

t heSeRtion reggtgf ipPation & L nERRINAISIA HITAS iplsmediates with the
20 caféin@glagut): for the desired period of tine.

Subsequent |y, anhydrous ether can be added to bring

about the precipitation of the internediate. If two

am nes areadded to forman asymetrical conpound, the

reaction product will cogtain both the symetrical as

wel | asthe"brsy trical n th¥s case, it/
possi bl e t@ge the asy ound thrm
N

25any- convent | NN

¢

and the formula (VII)
30
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[068] In the second reaction step, the naphthalene dimide derivative is



means, such as solvent extraction or chromatography or
a conbi nation of such techniques. An efficient

W@ boosireieygr aphi ¢ separati on techni que can be apdi/eGmEU5/000163
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usi ng an el uent that conprises % conbination of polar
sol vents such as al cohol s and hal ogenat ed
hydr ocar bgns, e.qg. .trichl oronethane, chl oroform

di @ﬁ%@%&“ﬁy?e‘iﬁ%n%lw taetah camnles sey thak dhe dpansitien Iyetal complex

i nbgd&dht&és b@ofdikitiéth,%ly boviddd/ td ARy 'a$§ﬂléﬁl§@o@ﬁﬂﬁéfﬁirf Valghce present in
ugc ita

foraE G v Hices |‘§7‘C§‘3B8?at'b8“%§3mf§fm@§é(m@% glir@mpounds, it is
Thmm telusena wmexmgtm@leqhasmegzgmlzs \sisipAasLl@mot lead to

L T )
eI m@mty doesangf haveeany Beailahienostsuitable mmﬂmhds vadence, the metal
t h@&n?l%x%ﬂ rn%%édatfarcﬂgﬂtta he %ﬁ?@xu’ﬂ; ’rﬂdféflil M éro%}flfc‘llﬁt% transition

extr t1on usi g gueous |
hy@e&a)crorapleyr fcide hended t@xthea@pmmm veaiety, Tie metal complex

as ﬂ@l@{abhﬁé’ém ASROBAE Srafole WYY Bbhéé@qﬁggb{dﬁqmm ca be easily

| kal ..g.
Zxcﬁ?a%ped?w#? CPRIRSXEY Melebibodi nent s of ¢ he
.f nvermsep ym{e%mer 2k éd:te@f bl hb@ntﬁcﬁﬁ@émé&mé %aﬁ@tﬁcm bP@etecting a
or 11,0 0 e na ene
wi 4ETeq iy 8?%&%6(\91“ hi Engunds of the Foia; Gbdie paed as DNA
t hibretiog dintergatatons. sEmmtrobhemmﬂhﬂm ebresdnmrée constructed with
deédrﬁgl%ﬂxﬁ(cﬁsebf ?cgﬁglfqg"% %eacitllorcgfé?' fd f?'lg l’ggnzérscﬁé? b88d sensitivity,

c odimgomee enhnstiments, dhaﬁewwlwcemﬂ delestioni unger sglectrochemical
v ahieigds MRS 8Bl foNddRchBtafistVDRA éﬂé&ﬁ’cé‘iﬁ%éﬂg %s b as 100 M.

or er tofo ma mretrical Conpound

ol R gMat oHengnyRRtan, cz0 diresiically ERPRKS e fracticabilty of
V\mlédtrmtﬂtenhleaﬂdbteoabm hs@miseonoweb@lhh@qorbc&weklm requxred The

R RIRh Bt 0 So BERPE ifterbialio & AL NI Wi iBiifochtalysis of
vaPBHiEes pm)eﬂdwt alsinplepdisrctvind yabhighly sensitiveedon-dakbielimg method

CORP alaﬁﬁlc%EM In order for the tranS|t| on rret al
conpl ex to be rc]ed to the conpl exi ng nmoi e

met al[0¢8hp! &R tlaia Sresan petndethe @ie%r@@atﬂlytiﬁoa@hwmtpe transition
banded groapsdimn \tﬁécdblﬁ}%uﬁtﬁ sfasormuldi gpligcaflised d@ransduce the

C%r%ln Satid rrg{/éen into an electrochemical signal. it has been found that
compounds of the formula (I) not only intercalate strongly to the hybridised
probe, they also retain their electrocatalytic activity while being intercalated onto
the ds-DNA. This electrocatalytic activity can be easily detected, and is
harnessed to serve as a highly sensitive indicator of hybridisation in the present
method. In particular, rather than carrying out the measurement of current
signals which are produced at the capture probe electrodes as is typically done,
the present method utilises the electroactive properties of the transition metal
groups in the compound fo alter the electrochemical properties of a test reagent,
so that when an electrochemical analysis is performed on the test reagent,
changes in its electrochemical response would provide an indication of
hybridisation. The test reagent can be any oxidizable and/or reducible organic
compouhds which have well-characterised oxidation and reduction behaviour.
Examples of such compounds are alcohols, aldehydes and acids. In one



[ 069] Anot her aspect of the invention concerns a

nmet hod of detecting a nucl eotide sequence in which
weopoends of the fornula (1) are used as DNA pdir/eauios000163

intercal ators. El ectrochem cal #NA bi osensors

constructed with conpounds of formula (1) as

el ectrocatalytic intercal ators had good sensitivity,

angrgdsangiy ﬁﬁeféfrbe dmizadiment thedestaebgentt iy astorbit acidi on

;J gggggoe)ﬂimt rﬁ'lc %ﬁn@@ akﬁ‘g %gﬂ?%dwagggﬁ%@le?ﬁﬁ%& fontaining, for
meexardpief, & hecieio actd eaqu@mpajcastfire’abeyplaﬁp@ doea thiable medium.
pr@%%{r&é‘gkéﬂé&m 3l 1Re BRI ANAIR! Kol Hﬁé&éyﬁﬁe Bedition of 1

roceddres are requj
5 t her gmrgcnepo@hlrmt ek lenzy@est 19 assiging the ny n lsat|on Hybndlsa‘uon

el egd b@qﬁ&@t] by 2@l éﬂp%bl@teprh@ang efBr @xanmvé eby ther &ddition of ATP

and NOSHg tr@%ogggq@lqu}%/&ﬁ& avel |nq ﬁlaere@ﬁgr a compound of
e' RIFkiuRs 4 &iaﬁ bé é?d?ded/ td th@fastslay stormmlmﬂewalammof any hybridised

I
o 3;@&%@@%%%%%?@5& SHBEGihtl e Giptes'dré foolighly washed
10 el &r remohe nheahosHinesdalated bampbenpds fafufedmutent(l), particularly those

%}%‘1 &qy%ﬂ@h Bﬁ&g'?‘g“é Jbéd ntg'ho Qﬁ%%lé&fﬁe‘: r@gﬂéélé‘e After washing,
{ hther prdhest mayathanyha plagedi i {hentast éemrﬁg An oxidising or reducing
' nPSfe%EPfseé:P@@H%ttHF tdst %enfr heln%i lﬁbeéléé@&@{e?hmél esponse of the

easl harn sse
setest l”@@Qﬁn’h |t@Wﬁ5dssé|P\%| thﬁﬁt'?ln!ﬁ @Qt"‘ Feéf @%‘i‘:‘ﬁm/ reduction

15in bféfhtlﬁf ?)‘éﬁthHﬁ%hh%ic In particular, rat her than
t,t { I
o O | B85 A5 0he e U b S BeBhed o tre tost
t ymagﬁrit,yamgotyp;caﬂ egimoebemticatetsteationt methogscarhbe used. In presently
gﬁ%éﬂ@ﬁ t?ocﬁrlh%ﬂg ttia& %Ié&ﬁ&cﬂ%ﬁ%ﬁ@%‘téﬁ% meiRlds are voltammetry

The conp el ectrochem ?
pr opempesemetryalf mbﬂdyzg’g@@ has ossufrad chiagtesistics of the test reagent

20 €l 8GER %Wﬁaﬁ%eﬁi&%é’eﬁé sufrenPand esd®dpetentibbwilebé different from its
reagent,t eﬁﬁg n.its electrochem cal response would
pr 6URA@SILISEOHPIERt YAHEST hybri di sation. The test
reage[u73]an bre gengradxtha zanhlpeuadsl/onﬁrthe qutesent] iaventizmican be used
%%N&tt’g@%@ﬁggﬁfﬁcﬁgml dF to%&éccﬁ]ﬁﬂ 8P(\/Qﬁ6dué’gr6’t€ﬁi13 peptides
aI aotais)eialadidsy Hesveyed taeyc&re noﬁ llmﬂéﬁr’f@sﬁéwhl yse but can be applied
25 pr%e”%%emﬁéﬂem uithBR teﬁgph@élﬁﬁﬂt ir8qaFieg’ bi the use  of

acid I'n carryi ng out hod, a sanpl e
as g&;ﬁt@@ﬁt@ﬁﬁ@{gctm@ﬁtlve compoun

[074] The following examples are offered in order to more fully illustrate
the invention, but are not to be construed as limiting the scope thereof.

30 EXAMPLES

[075] A general synthesis route for producing éompounds of the present
invention is shown in Figure 1. This synthesis route has been applied in the
following examples to demonstrate how specific examples of these compounds

35 are made.



exanpl e, a nucleic acid sequence can first be placed
in a suitable nmedium Desired probes may then be

wa@eoaed2116Pt i onal | y acconpani ed by the additi onP@f/SG2005/000163
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nore reconbi nati onal enzynes tdlassist in the

hybri di sati on. Hybridisation can be initiated by any

aproprl ate means, for exarrpl e, Nb the add|t| on of ATP
S: h Al QO Lh is

probe present can take pl ace. Subsequently t he probes
ar&)_@h@%l y washed to rem)ve the non-intercal ated

CO"D fﬁﬁ%r“q‘éb@r%da’b“"ﬁ tg"é‘i’ yeAQ SRd"Mi £ 8”ﬁé(phthatene

have trod ace
\/\d@h‘ﬁﬁ@rbot( ic sianug %%ﬁ bréer@ @@é@asmo oRE Slgma-Aldrlch (St

[ g@gﬁégtmo;rueég d% g{ Bﬁbyﬂﬂ1%6@@APWa§%&EMeg;frb®e§%a&ﬂ Research
ofC fﬂ%w@@skdt §h@mt'e%9€§§eft ﬁéspé &W@fdteaggnfén\ﬂﬁﬁﬁs%@amed from
e.Sig rﬁahAIdfPiéhdafahdn/ ueddct wgthoppt emltrm@t parficagion! ef]']Osmlum(Z 2'-

o AL TS RSt Sl IS S LSRR (o0%, Stom

eI@IwemmxlaIB&)nfodaWIr@etlm:t)rmsw pmﬂ:edare oy UaystPBnused in this work
t
QiR ShoRiFniaas s, BV oNPRINA, | ScRSELCERRUar, Al otner

hyﬂgodwzlantldxes haere ceustermemadaabyicfiér Basec ?tef Ltdn dSingapore). A
t ﬁbsbﬁéﬂfﬁﬁﬁé#ggnﬁs(mt ? 2 e%' &r&?s%d ‘“o‘f”d £5iv NHE! and 0.020 M

otentl a romit
cmhog@ ata Befer: wasuped ag thessugperting ﬁtecgetyé@ al, the

conpounds of the present invention can be used as DNA
tg;gdl n% [ gt ercalators for the detection of various
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predeetrdde. To avoid the spreading of the sample- droplet beyond the 2-mm
diameter working area, a patterned hydrophobic film was applied to the gold
electrode after the immobilization of the CP. All potentials reported in this work
were referred to the Ag/AgCl reference electrode. UV-visible spectra were
recorded on an Agilent 8453 UV-visible spectrophotometer. Mass spectrometric
experiments were performed with a Finnigan/MAT LCQ Mass Spectrometer
(ThermoFinnigan, San Jose, CA). All spectra were recorded at room
temperature unless otherwise noted.

C) Synthesis procedure

[078] The synthesis of PIND-Os is outlined in Figure 1. PIND was
prepared following a general procedure for the synthesis of ND. To a
magnetically stirred mixture of 3.0 ml of Al and 3.0 ml of tetrahydrofuran was
slowly added 0.30 g of 1,4,5,8-naphthalene tetracarboxylic dianhydride. The
rate of addition was. controlled so that there was little clogging. The reaction




invention is shown in Figure 1. This synthesis route
has been applied in the foll ow ng exanples to
waletwenstisat e how speci fi c exanpl es of these coP@QDSGL®5/000163
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Zgﬁ%hs%gigg - i‘(V?%PEHVE&)%g”a were recorded on an

ectrophot oneter. Mass
spect [086] r i Thexfoemationt sf ey el¢atrdautive dPIMD4Osa intercalator can be

Fi '&Bi’\gé]ﬁ]i/ew *mtdﬁasbfpc%ﬁé q;gfttaﬁ{metry. During reflux in the ethylene
glycol, cyclic voltammetric tests were conducted every 10 min. Figure 3 shows

25 typical voltammograms obtained in the first 30 min. As can be seen in Figure 3
(trace 1), before adding PIND to Os(bpy)2Cl,, one pair of reversible voltammetric
peaks centered at -0.11 V were obtained, corresponding to the well-known
redox process of Os(bpy).Clz. Upon adding PIND, a new pair of voltammetric
peaks appeared at 0.12 V, indicating the formation of PIND-Os (Figure 3, trace

30 3). The two pairs of voltammetric peaks correspond to the two one-electron
transfer processes of Os(bpy)2Clo and PIND-Os in the reaction mixture. Both
electron transfer processes are clearly resolved and highly reversible. The
intensity of the voltammetric peak at 0.12 V increased gradually with reaction

time. Simultaneously, those at —0.11 V diminished gradually. Both of the redox

35 pairs reached a steady-state after 30-40 min of refluxing (Figure 3, trace 4) The
minute voltammetric peaks at —0.11 V are indicative of the excess amount of
Os(bpy).Cl,. After separation and purification, voltammetric tests of the thus
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25 780, 483.3 and 2423, corresponding to PIND-Os/2, PIND+H® and

(PIND+2H")/2, respectively (Figure 6). Since mono-grafted PIND was not

observed in the ESI-MS spectrum, we can rule out any incomplete grafting of
Os(bpy)2Cl,.

[084]  Electrochemical characterisation showed that PIND-Os exhibited

30 exactly as expected for a highly reversible redox couple in solution. Little change

was observed after numerous repetitive potential cycling between —0.30 V and

+0.70V, revealing good stability of PIND-Os in solution. At slow scan rates, <500

mV/s, a typical diffusion-controlled voltammogram was recorded as expected for

a one-electron exchange system exhibiting an ideal Nernstian behavior: the

35 peak current is proportional to the square root of the potential scan rate, the

_peak-to-peak potential separation is very close to the theoretical value of 59 mV

and potential scan rate independent. Such results ascertain that all of the
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25”@3-'{32&?@1&%’['6 om both PIND and PIND-Gs. The M.CT band
I:grrp a:[ ﬁ%% h%/rbg 92%%8% 0 d’ca?ghetf[SﬁR and |tts elecﬁ’ochemrcal detection
were carned out in three steps, as depicted in the scheme in Figure 2. First, the
electrode was placed in a moisture saturated environmental chamber
maintained at 53°C. a 2.5 pl aliquot of hybridization solution containing the
30 target DNA was uniformly spread onto the electrode. It was then rinsed
thoroughly with a blank hybridization solution at 53°C and incubated at 35°C for
10 min with a 5.0 pl aliquot of 100 pg/ml of PIND-Os in the hybridization
solution. PIND-Os was attached to the hybridized target DNA via threading
intercalation. It was then air-cooled and held at room temperature for 10 min
35 Dbefore being thoroughly rinsed with a PBS saturated with NaCl. The AA electro-
oxidation current was measured amperometrically in PBS containing 1.0 mM
. AA. At low DNA concentrations, smoothing was applied after each
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DNA-bound fluorescent molecules by PIND-Os hrough an increasing

25  concentration of PIND-Os molecules in the system. A well known threading
intercalator, ethidium bromide (EB), was chosen as the control fluorescent
indicator. EB has been widely studied as an efficient DNA intercalator and is
one of the most popular fluorescent intercalators used in DNA assays. EB
displays a 25-fold fluorescence enhancement upon binding to the ds-DNA,

30 which provides sufficient sensitivity and good discrimination against free EB
molecules in fluorescent measurement. In addition, the kinetics of EB
intercalation is quite fast, which significantly shortens the time needed to reach
equilibrium.

[089] To ensure that our approach is appropriate for this study, an

35 increasing concentration (0-100uM) of a well-studied non-fluorescent
intercalator, naphthalene diimide (ND) was first added to the EB saturated ds-
DNA solution, gel electrophoretic experiments showed that the fluorescent
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anq_"geher%e rg{ig O?HlﬁD Os/EB, the higher the band appeared in the gel image,
and in turn, the slower the mobility of the DNA. The molecular mass of EB is
324 and that of PIND-Os is 1560, as determined by mass spectrometry. In
addition, PIND-Os is dicationic. Obviously, the lower mobility is caused by the

30  bulky and dicationic nature of PIND-Os.

Example 3: DNA Detection Using PIND-Os : voltammetric analysis of the

hybridised complex
[091] PIND-Os was evaluated as the electroactive indicator for possible

35 applications in DNA sensing. A hybridization test was carried out using a poly(A)
oligonucleotide as the target DNA. Upon hybridization with a poly(T) CP coated
electrode, the target DNA was selectively bound to its complementary CP and
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into

or Staalobe: TR seodtE HNA HidsensRes. THeliRntong the intercalated
15€X RIND¥©stas aﬂﬂeledtl@agﬂ\_iﬁe Imdi¢dtoofoe sireot detecting DNA was evaluated. A
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of AA before and after hybridization. For comparison, a target DNA hybridized
25 sensor in blank PBS is also presented (Figure 9 trace 1). Trace 2 was obtained
with the sensor before hybridization and without PIND-Os incubation, while trace
3 corresponds to the sensor after hybridization and PIND-Os intercalation. Both
sensors showed a totally irreversible oxidation process for AA. Before
hybridization the anodic peak potential (Ep) for AA oxidation was about 0.90V,
30 largely due to the presence of MD and anionic CP. Both of them impede
electron exchange between the underlying electrode and AA. It can be seen that
the presence of PIND-Os greatly reduced the overpotential of AA oxidation,
shifting the E, value negatively by as much as 0.74 V to 0.16 V. the oxidation
current prior to the peak rose rapidly and the peak current was enhanced about
35 4-fold. The oxidation potential is similar to that reported for such a process at
osmium-bipyridine redox polymer modified electrode. Part of the reason for the
drastic improvement is due to the reduced that electrostatic repulsion since




nol ecul es in fluorescent neasurenent. In addition, the

kinetics of EB intercalation is quite fast, which
w@e@aittitsant |y shortens the tinme needed to reaktl/SG2005/000163

equilibrium [089] To ensure tha&8 our approach is

appropriate for this study, an increasing

concentration (0-100mV) of a well-studied

norsome afethee negatite chargasoare mepiitalizéd ey the rintéecalady PIND-Os.

wasvibid $hp ﬂﬁ@&/tﬂﬁet hfucRBimBidveat ﬁ&\tzﬂﬁ eWr%ﬂ&dH’éeOBﬁer PIND-Os

gel, electro or'étic experinents

fl uateé%a!amm i duaite @ Qﬁm{"h% CE’@MH& efifedt|ofttee Qg(bpy)2Cl moieties. The
ds-ifbdage mimi ﬁébﬁ@l dlreshiabhy Qﬁet@@créﬁﬁéem Ak @RoBfc Nerpotential

Seo TRt oA ERp e HRHA RSSO LA A58 ShTE Bhihe overpotential i
agrchentend kinetib effect rranceegreatly MCr@Mmeﬁ@té wf eRRchbn @ansfer from

ﬁ&@ﬂggp‘éﬁr&gfehﬁﬁﬁ% I% oatt@@um?%g‘{ gbfqrhgerglgﬁgm fhe reversibility of

ap;iheaellactrmﬂramsa‘er prooesses. oft wasiCfoOndwéhat thexeditaliticy current is

t hggm@hgr@ttﬁg tQE%A%X%gW%E et BB d.bX0-10 nM with a

Or eréeﬂt%ttﬂne ligsyith @f n@oagf M, t J5fedahighenstheivef thenelirett tvoltammetric
5 HAEQRPOSint cAlatd £ Fﬁﬂb -O8t Hib‘heﬁfcafélm%ér &t wad'Bbservable with

ngqeréééiéﬂt :ﬁlog'ﬁghfg 'é\lﬂ[}h@tl Wil very lidedgtrsayement in detection limit

l ntowmg td a%lmﬁltéﬂi‘@)uiﬁma%s@hhaiaﬁﬂ rdManbdrlftmthl gher

b ND. 2541 o B bsisiar %O\f%@féﬁ iy Sekigdians. it appears
15 ambigtilg dikeliB that ebefters anaiyhceatl abarhctéydstiisovearbybé hachieved in
Se“aiiﬂgerbﬁ‘l?e%a/ ﬁf@at@b@)@&ﬁ% Fe@e%f%c%ﬁﬂ&%& t'hg{ E%pwé 2% b%articularly
r e PIRMISNG isstheyioweneteatial at whichi M mxidasion: takes elanentAmperometric
' nfd%t@dtfb)‘l Odt 'sﬁérﬂf ééﬁt&l 8wl @rétl?'@ 'ﬁ@tbﬁﬁél%d mlnlmlzes potential

cent i of f r ee
PI N e%rqrgs @"ﬁu'@ﬁ’s FH'F%'F‘%%'PES[ gmﬁgweggagnal-to -noise
20 Theatio addrigweon!stenﬁbnmﬂmt eAsisminedinf Figiné MO, the oxidation current in

A et b S BP0 bt
IQU@(W Q‘@&El onlrr acontrel exmlmémwh@mm‘ncomplementary CP,

t r
| nt er k rﬂﬁélz?"ﬁﬁhﬁbgﬁeﬂr@ﬁ ’cﬁ%1 ﬁnﬁgpggﬁﬁgﬁl QH&%@M increment
HESORSEVANEFIBNTS 30 cirAem 2baT e amnelﬁomﬁtf%ﬁ%’fﬁeawﬁéd well with the
25 SI @Glt@l‘hntdmc @ésﬂ%bﬂéﬁi@&@afﬂ@r and confirmed again that the target DNA

was successfully detected with high specificity and sensitivity. A linear
relationship between the amperometric oxidation current and the target DNA
concentration was observed in the range of 0.20-600 pM with a correlation
; coefficient of 0.992, The detection limit, defined as a signal-to-noise ratio of 3,
30 was found to be 100 fM, more than 1000-fold improvement in sensitivity over
direct voltammetry.

Example 5: Synthesis of unsymmetrical intercalators-N-[1-(3-propyl)-
imidazole]-N’[-1(3-propyl)-morpholine)]- 1.4.5,8-naphthalene diimide
35 (PPND)

A) Chemicals and equipment




nore tightly fixed in between the base pairs of
ds-DNA. In addition, a closer exam nation of the gel
wo pga2ahowed t hat acconpanyi ng the weakeni ng BET/SG2005/000163
fluorescent intensity, there wag a systematic change
in DNA nobility. The higher the ratio of PIND Gs/EB,
the hi gher the band appeared in the gel image, and in
turn, [0953 s| Nv@arninepranyl-moyphyslinehavasnabtamed from Sigma-Aldrich

15@‘3%%3 'méSL@ngE I 'o?h@’l%h&ﬂﬂ:dié"ﬁhd@c uﬁirﬁ@l@séoﬁm this example

as det et mass ?ctrorretry I'n addition,
Pl wereisiangical f@éb@%ﬁl“éed (ﬂ)&?‘@ﬁ‘ﬂ the lower nobility
is caused by the~bul ky and di catl oni ¢ nature of
Pl ND-Cs, Exa | e 3. DNA Detection Using PIND GCs :
5vo s of the hybridised conplex [091]
PI ND- [g96)as Adadsyatradirizal tompadund ob farmule (I)nd?RN&)pwas prepared

L;’é?c?%rﬁﬁtab% o BooS e SsibPa A oT5H: Rflen s, mgoneticaly stired

ol getarelofot.0 dal af N-faeanmmpwmmowpommywsomlMB@mmopropyl)

" BB ST FTICGRIAASRIERY Syad BouhaRloa DA of 1,45,
10 fi Neﬂhmmnﬁetﬁmgd)oxym gigrihy Grider a'bgn'atq ﬁgaﬁgltlgptw\aq gantrolied so
hyﬁﬁﬁg&:@ Was Ilﬁl%félﬁgjeq M‘?‘Sfﬁ‘&' ré’icfﬂoﬁ' thix@lretviss reﬂuxed for 24 hours and

rid zation r t

s wa ht
[ Mihart Aoeletath foRie EIRATGUDS Thectasion R, as syangrated and
gp hhﬁé&bysghéal @ncgf&ﬁé&b Ry wgmq#s@mgianwﬂcrs td;thanol) mis-

nodi roaes n a
O oARBLChLr B b5 A AT AR S5 comprios
15 Bef'rfa’uelymﬂthe disyain etricalosten paimd .df wasmﬂilectedL exapemated and further

?Esauﬁéﬁ g%m%?%?\‘e\ﬁ%gﬁécﬁﬂ? é&g&’ﬁ 4ibh %qsoct,%ﬁ? L§guPBy dissolving

pothe mmmatorgrapmcallyeobtémd pm@qtuwtnvbd@r%%f@?oa&'a% and then
t h%x§1 C\H t B20N (P{@laﬂ'ﬁ@ @Yreaésymﬁatrﬂ:%l 8mep@|udd Was precipitated
g

vvasm

e S P3O0 AN E, oA T Wi vacium

20 UpUBkE ovERtigst toasive DS 8cd eadhk iehemstalsat ed t hat
PIND-Os selectively interacts with ds-DNA and the
Pl NDOs- ds- DNA adduct has a very sl ow dissociation

ra@_,__C_hm____'cter-Eai-mof BENEXPS or devel opi ng a highly
sensi 0
iam ed E Iﬁ; ’)-ﬁgé% spe CtFH]Fé\%"‘% QI;‘a"u’éf'iéq%C’Mtéd crystals were pure

i nter as an el ectroactive indi

di fgeld: @éf/ekéﬁlgwed\)/\%gls ghancg spectra ofC I%R{D and PPND-Os
25 are depicted in Figure 5. The spectrum of PPND-Os is a composite of the

absorbance spectra from both the ND moiety and the Os(bpy).Cl metal
complex. The visible region (400-600 nm) consists of the characteristic
Os(dn)—bpy(r*) metal-to-ligand charge transfer (MLCT) transition; the peaks at
383 and 362 nm are mainly due to n—x* fransition in PPND with some
30 contribution from underlying MLCT absorbance. At shorter wavelength, the peak
corresponds to ligand-cantered transitions from both PPND and PPND-Os.

35



detection limt of 1.5 nMwas obtai ned. Exanple 4: DNA
Detection Using PIND-Gs : voltametric and

wappenzyed ri ¢ anal ysis of an organic acid in tPeI/SG2005/000163
presence of the intercal ated compl ex [093] In another
test, the conpleted sensors before and after
hybri di zation with the target DNA were tested
voltametrically and anperonetrically in PBS
colYbatris olpidved iS5 gure 9 shows cyclic vol t ammograns of
AA before and after hybridization. For conparison, a

targe h zed nsor bl a BS is also

prese t&m?rﬁ?é cghgwpg %gfperar}rf q'z‘( s obt ai ned
Swith the sensor before hyobrl di zati on and wi t hout

PI ND- Gs i ncubation, while\tracg \ pondstothe

sensor after hybri d| zat i onand’ i ntercal ation.

Bot h sensors sh a, totd ersiyl e oxi on

process for AA E?,V'\x'f‘e)?lore hy fatign the anbdi g&%’ ak

potential (Ep) for AA oxi ot wa/cz abQut 0. 90V,

| argely due to the presenge of \WD/And |on|c CP. Both

of them inpede el ectron exchange bet ween t he

undEr |F%I ng el ectrode and AA. It can be seen that the

pr ¥&EHIB of PIND-Os greatly reduced the overpotenti al

of AA ogadof bpandHi,fi$ angndéseridentiyl setected dinking! oieYy comprising 0

i,dat t
10 S et BBl s Lon, Ut
was enheackdoladauand- Zplid. amhindepeddenthn sedectad | edmpkexing moiety
S'&)r‘nﬁflgfhg étri st'orieH er&eﬁ?forﬁ“Ch a process at

osm u yridi ne re ymet_ nodi fi ed el ectrode.

Par t - of OKMAT BRIBRSPTP! Zhandiondsi 8 coppriisalivalnbonded te a respective
g?trtéﬂgtldrs]gMaﬂcdrﬁﬁbxmga:\&grgﬂggmbyg ﬂﬁﬁugﬁ'sﬁﬂj RitrogeA @&m, wherein
15 inter caP@ {:Kﬁl@d@g IS ndepsareaiy pe! ec{)qvqetr augition metal, and
i mpr ov eﬁaahnbf Wgamd Myds nespdesendsritiyrseRidied Qalence group,
nt er .
t e oo AN BEPIAyis frek v iHEMA EoftBoBhits ofe Biiffibar

and the cr ease in the anodic overpotential

oyer potenti al N
cased~ hg N
el ectrode, Yy
Tnjthe reversi |I|ty " the electr Y
ses. It was found that the catal S

30

35 2. The compound of Claim 1, wherein each of the complexing moiety Z, and



proportional to the target DNA concentration in the
range of 0.030-10 nMwith a detection limt of 0.020

wokgos/isHEol d hi gher that of the direct voltameCT/B62005/000163
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detection of intercalated PIND30Gs. Hi gher catalytic

current was observable with increasing AA ‘

concentration, but with very little inprovenent in

dg?gscg}lgﬁér%)&(ﬁl? owing to a sinultaneous increase in

background current. [094] On the basis of the above

vol t:’f’!m’l“ﬁbrdo?nbél?fﬁﬁt ! bigléﬁdiﬁﬁn?,’ whérei Bga hatdtbeyl¥ i skRlcied from the
tica

t hat better _anafy [ chqr,ac,ten stigs can.be achieved ...

i Arot EPBRIBLIRG . OfAIMISaEOlee tHRZINRE PYTRHING.0AGHAING s jAceping, aziridine,
aBéﬁ??@aT:iﬁe{JQ)i ﬁh@,uldaaj_i%%lpisum?idgmei Sliabﬂaen,l evorpholine, oxazine,
ofential. A I C Xi ion.ta ace, . -~

Aaberendricfe. ﬁ;@(‘ﬁﬁﬂﬁ'&% Blgr S Aol ayrine, pyridine, pyrole,
opeprreliding, quihelitis, guinalizimenthiediapinee thiazihe| tiaeineearghtrgpane.

and reduces background current vyielding inproved

signal -to-noise ratio and | ower detection limt. As
showh TheriampauntDef Cledmoki wiereimeach oéhe complexing moiety Z, and

AT @ BRinsty pP Geeangy Ao bR B °10% Yace ). in a
control experinent where non-conpl enmentary CP,

POl Y6 ArheWerRpb P 0f | C1aRE Qrwhér@irs ens Pltrsgsn a&Mn ofrthg primary or
a 0.017. mA | ncrenent vvaae(ggserved (in'

] [ 10, trace .
S peCarE ARG EOHD i5 HRNACH YD EAIRNAICATKY| AP haVing 1 to 6 main
vehiipra®ebem etgRsul ts obtai ned earlier and confirned
again that the target DNA was successfully detected
with high specificity and sensitivity. A linear ] ) ]
rel 8.i Fhehcpmpetngerf Claimardpavhereir eachyafdks iasd Ly is an aliphatic

Fﬁé{ugggepa g(g(g%%qbgarfg?gbu\m concentrati on was observed

O pMwith a correlation
coefficient of 0.992, The detection limt, defined as

a signghgt WFRI 6BCImOf, Wherebehch biltHeotrassifl@O nferhl My and M;
rr%)re t han ,1000- i Vi

TR Behansesti seRy o BV R el ARG g dénk Y tnenium, iron,
urseriomt, ahdglatimimer cal at or s- N- H- ( 3- propyl ) -

i m dazol el- N M 3- propyl ) - nor phol i neyi -

1.4.5. 8-naphthal ene diimde (PPND) A) Chem cals and \
equidrdhe[@amound of Glaimdhsmdgrein earpeicihen@leRee group Vs and Vi is
gmgp'@gﬁgﬁh%b@c%aﬂfﬁhﬂ K Brdup cohﬂ!&iﬁﬁ% oMRaligSAbyridhhé, bipyridine,

phenanthrohnce?lirﬁid%ggle?%yﬂﬁigg%eﬁjgz%ge,l ;?orpni/rsm Shd Qerivatives thereof.
9. The compound of Claim 1, wherein Z, and Z, are identical.
10.The compound of Claim 9, wherein Z; and Z, are selected from the group
consisting of imidazole, purine, piperazine, phenanthroline, pyridine, a primary
amine and a secondary amine.

11.The compound of Claim 1, wherein Z, and Z, are different.

12.The compound of Claim 11,' wherein Z, and Z, are selected from the
group consisting of imidazole, and morpholine.



were identical to those used in Exanple 1. B)
Synthesis Procedure [096] An asymetrical conpound of
wo eoosutEas{ 1), PPND, was prepared accordi ng to P¢ESG2005/000163
procedure outlined as follows. Briefly, to a
magnetically stirred m xture of 1.0 m of

N- ( 3-amnopropyl ) - oline, 0. 60mM . .
N (3 B ReBeeRedid BEE RS SingtaPil apd Ly are identical,
t et rahydrofuran was slowy added 0.40 g of 1,4,5, 8-
napht [ [ ar i T,
addi 1 BT aeoriRe HELPElR 5, WIRRREL AL L R, ¢ftorPropyi
cl oggi ng. The reaction m xture was refluxed for 24
5 hour st ARt BSMPBAAHESF ERIMOIMWIRIFERY BhiY SneTtFQnsitiorT metal complex
react) on m xture was evaporated and purified by silica
geMath IDRESSHE-aphy with use of a 1:1 (CHCI 3 : ethanol)
m ssol vent eluent. The second band of the
chro raphi c_separati.on_conpri.ses inly of th
oy i e OTBBREAE 3 CIRE e GEGF oRico AENaR JRelAb gomplexes MaVs
andndl Mf\hearepresémted usi ng sol vent extraction. Sol vent
10 extraction was carried out by dissolving the
chr omat ogr aphi cal Iy obtai ned product in
t ri ¢cM7oTbeeonypeurcHal daiamd6t wbarain saichle ds identical.to AV
HCl. The pure asymmetrical conpound was precipitated
out with the addition of- 10% aqueous NH3. It was then )
dri edl&ihbercamapound £f Geie 16 avigrgint the trgneidiop. metal M. is osmium,
of I el S . SOriAs L hoagth i P
[Oggl]léo ﬂﬁls&gglﬁggg %l?é@t yg reveal s that t@gnie@gl at ed%ands and one
15 ¢cr paloges ligepd- pure (yield: 249% (Figure 7). W-visible
absor bance spectra of PPND and PPND-Os are depicted in

Fi gur The. c PP i )Si te of
the a siPS&ﬁi‘%‘?@%&{;@aﬂ‘émhgg@ﬁ?ﬁﬁgw&y and the
Gs(bpy) 2C netal conpl ex. The visible region (400-600
nm consists he characteristic Gs(dp) bpy(p*)

20 metal -to-1igand, transfer (M.CT) transition; the
peaks at 383 an¢ 362 gmare nainly due to p- "p*
transition i n%EE’ND’ Fth some contribution from
under | yin I\/y:'lp‘a o] bancy. £
peak cor fesgonds te—tN gand- cy

25

20.The compound of Claim 1, having the formula (lil):

0 o]
N N
P O NN
30 Ci(bpy)20s Os(byp)2Cl
o o]

21.A compound having the general formula (1i):

35




wherein each of L and Uis an independently sel ected
l'inking noiety conprising O to 10 main chai n atons,

w@piosorEard y substituted; each of Z3 and Zb i s BEI/SG2005/000163

i ndependently sel ected conpl exi n3 noi ety conprising at

| east one nitrogen atom either both or one of Z3

and/or Zb is coordinatively bonded to a respective

transition netal conplex MV and/or MVb through said

ni whegein at om wherein each of M3 and Mo is an

' ndepen@geﬁ lo¥ LS%n%iCL gérf rﬂﬁé éh&fkggpéegécte Wnkﬁ@cﬁo@‘ty comprising 0

ence grou

V3 an %ﬁan I ndependent |
wi th Prﬁ%alﬁ {58 %%toatﬁ@a%bﬁumth@dca ounds are

5 excl ustesh offif\ard Z[heanq éhﬁlg@eﬁédf‘éd co %';‘ nﬁﬁé@ comprising

of th | exi 3 andZb is a heterocycle

The é% %P Wﬂ%@FQFﬁQ% wherein the heterocycle is
sel eammlth‘e“ providoethat thepfollowdrigstompowrids aiclexsiid@ed:
triazine, pyrazine, acridine, azepine, aziridine,
benzodi azi ne, bipyridine, diazine, isoquinoline,

| act eapy nor phol i ne, oxazije, ant hri Qi ne,
phenant hrol i ne, piperazin ne /burine,
pyri di ne, pyrrole, pyrroli/diné
qui nol i zi ne, thladﬂ%r‘ﬁl e;Nthia :
tropane. 4. The conpound 0% Mierei n each of
the conpl exing noiety Za .nd N a pN mary or
secondary ami no group. 5.° The conpound 8f daim 4,
wherein the nitrogen atomof the primary or secondary

15 Tt oot RS Hentelh dale Sebhed oo e ctalipganisting o
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of Gaim1, wherein each of La and 'Lb ~s-aq, phatic
saturated hydrocarbon chain. 7. The conpound of Caim
1, wherej meadtP@F the transition netal M a M2 is

i ndependeqt ly_s&| exdset from the group consi s{}i ni of

osm' um - rut henigim iron, rhenium and phHati The

conmpound _of ,']CI m 1, vvherel n each of the val en roup
Va and
3 ge
/\/\N< N
A~ N\N/\
X TN k/N\/\OH
l O  COOH—NH
< /\)LN/K/[;’)
/\/\[/\\N H HO )C@[NH
o) H
. b)

HN H



i ndependently selected fromthe group consisting of
hal i de, pyridine, bipyridine, phenanthroline,

w0 pdodaziab®e, di pyri dophenazi ne, porphyrin and PCT/SG2005/000163

10 of claim 16, wherein said
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derivatives thereof. 9. The conpaund of Caiml,
wherein Z and Zb are identical. 10.The conpound of
Caim9, wherein Z and Zb are selected fromthe group
consi sting of imdazole, purine, piperazine,

phenag)t hr ol i ne, pyridine, R y7: g ne and a
secondary am ne. 11. The conpg@u )~ aim 1, wherein Z

and Zb are different. . daim1l,
wherein Za and Zb are \ S};Wp
compound of Caiml1, wherein L and are identical. 14.
The conmpound of O aim 13, wherein L and are ethyl or
propyd). 15. The conpound of Claim 1, wherein only one
transition netal conplex MaVa is preg

conmpound of Caim7, wherein two
conpl exes M V3 and MVb are pr

The conpound of Claim1
MB is osmum and the
bypyri dine (bpy) |igand
19. The conpound of Cyaim 1, having the fornula (I1):

20. The conpound of m 1, having the formula (I11):

2 1. A conpound having the general formula (1i):wherein
each La and js an, independently selected |inking

i et%?i BRBFPSS f% PEOYSInG 2RAMPRYd Ravipg the ggperabfrmufa (1):
substituted, and each of Za and Zb is an independently

sel ect ed conpl exi ng noi et congri ng af | east one
nitrogen atonm wth the pﬁe.';
conpounds are excluded: whereix_bhoth R\are identica
and are selecteggwgongthg gro sisthgL%fg oA
process for produci ng a coppot .

formula (1): wherein 4

nd one hal ogen I|i gand.

wherein

each of Ly and Ly is an independently selected from a linking moiety

comprising 0 to 10 main chain atoms, optionally substituted;

each of Z; and Z, is an independently selected complexing moiety

comprising at least one nitrogen atom;

either both or one of Z, and/or Z, is coordinatively bonded to a respective
transition metal complex M5V, and/or MpV} through said nitrogen atom, wherein

each of M, and M, is an independently selected transition metal, and
each of V, and Vy is an independently selected valence group,

said process comprising:

reacting 1,4,5,8-naphthalene tetracarboxylic dianhydride with a primary

amine having the formula (IV):

HoN——L,—Z,,



each of L and Lb is an independently selected froma
l'inking noiety conprising O to 10 main chai n atons,

wopiosozEbd y substituted; each of Z and Zb i s amCT/SG2005/000163
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i ndependent|y sel ected conpl exi g noi ety conprising at -
| east one nitrogen atom either both or one of Z

and/or Zb is coordinatively bonded to a respective
transition netal conplex MaVa and/or MVb through said
ni andfea piirnary amérechaviegdie rmladd):Mo i s an

i ndependent|y selected transition netal, and each of V
and Vb is an i ndependentlyé_zzgllt ected val ence group,

sai d process conpri sing [ nd‘bl b5, 8- napht hal ene
tetracarboxylic dianhydride with a primry am ne

havi n the formul a and/ qr r am ne havi ng
thEhefr yrmraﬂw)a “W&l”%’@”?@"ﬂi@@ éﬁgrf\“ e gng
napm Eall'@tﬁmg [11¢) gﬁapmﬂiéﬁéﬁ@ddmﬁrﬁe afterrhediatd W;cﬁ he transition metal
na e i,i mde inter a ransi

e BB EPY, HRATEISRTEY, B it Ve ynBhaOIEh D the at least one
e hitfogepngibaxinteadhhef Zytamda’aszz one nitrogen atomin
each of Zi and/or Z2. 23. The use of a conmpound havi ng

the formula (1) as defined in Caiml as a double
st r a23ledheNsset of 2 @dimmpund kadng dbe forndda (A aedéfinedin Claim 1 as a

S ABIENSA A BAERAANS, coniect 1 o

one ca I'sed on a substrate
with thi nucl eic acid, said capture probe having a

nucl 2ot A%eﬂ%@fd‘e&eé é@fﬁ%l@i@ébfdt cémbhsmaanm e,
t hereby hybr | d|3|3%@the nucl ei ¢ ac

to th
ey el S Jeastione S5pRire: MabE HEmailoci Bt Substrate with th
DNAutlelceacidngaidntsptosd prabe haw‘pgtmdublewtude seyaeges eoaiplementary t

| L cAmpid (obaRl VARG, e hhARIG o8l capture probe to form

cohptiding 0 to 10 main chain atons, optionally
substi t gh&dcting the hybrid with a DNA threading intercalator compound havin

the general formula (1) :
0] (o]
N Q N——Lp=——Z(MpVp)
0~
wherein

each of L, and L, is an independently selected from a linking moiety
comprising 0 to 10 main chain atoms, optionally substituted;

each of Z; and Z, is an independently selected complexing moiety
comprising at least one nitrogen atom;

said one or both of Z, and/or Z;, is coordinatively bonded to a respective
transition metal complex M,V, and/or MpV,, through said nitrogen atom, wherein

each of M, and M; is an independently selected transition metal, and

each of V, and V, is an independently selected valence group,
thereby intercalating the hybrid;

(VaMa)Za



each of Za and Zb is an independently sel ected

conpl exi ng noi ety conprising at |east one nitrogen
war@sfi2e8 d one or both of Z and/or Zb is PCT/SG2005/000163

coordi natively bonded to a resp#ctive transition netal

conmpl ex MV and/or MVb through said nitrogen atom

wherein each of M3 and Mo is an independently sel ected

transition netal, and each of V and Vb is an

i ndepe$OBFAGIN0RE geBiE acid siibdthgriviescalatedrhubyid;

i nt er calpplyim® ah oRidBiRg of ré@f&iﬁ@bbf&ltiémoofh%‘rpgn@?ddﬁd; and
with the inter c%hat d %vqgrl d, aggl I ng an oxidi sing or
r educi tea'gygl,qgl ¢ elestiacaepyieal pé"\ﬁ%@f thgproanic acid.

5 determning the el ectrochem cal response of the

or o2 &' BndoE ot B 22: e she Bidharhs ero@iaARE. -

24, wherein the el ectrochem cal response of the

or 9581 §rRCHLMGE HERIM 28 IwRErdiR! tha BBLEYci¥mical response of the

anperonetr dy _
organic acid was determined by voltammetry or amperometry.
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