1 NOVEL DNA THREADI NG | NTERCALATORS [001] This invention relates to
novel organonetallic conpounds, in particular, novel naphthal ene
diimde derivatives. The invention also relates to 5 processes for
prepari ng these conpounds, the uses of these conpounds, and nethods
of detecting nucleic acids using these conpounds. BACKGROUND OF THE
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25 [004]  Optical detection methods typically require the use of fluorescent
molecules. Hybridisation of target nucleotide sequences I[abelled 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 nuclectide 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 shorfcomings. 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



2 at sub-nanonolar |levels. In order to avoid such problens,

el ectrochem cal detection nethods have been proposed for carrying
out ultrasensitive detection of DNA hybridi sation events. [006]
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[008] Two fundamental issues that need to be addressed in the
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 sfill plagued with low signal/noise ratios.

30 Most DNA intercalators not only bind to double-stranded DNA (ds-DNA) but
also, to a lesser extent, to single-siranded 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



35 diimde (ND) threading intercalator that was reported to bind to
ds-DNA nore selectively than usual intercalators (Anal. Chem 2000,
72 1334-1341). Simlarly, Makino et al. disclosed a
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25  were also used as an amplification system for DNA sensing (Anal. Chem. 2004,
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 the 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
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SUMMARY OF THE INVENTION
20
[015] The present invention provides naphthalene diimide derivatives
tagged with electrocatalytic transition metal pendant groups which can be used
as DNA intercalating compounds. In one aspect, the invention is directed to a

compound having the general formula (1):
25

 (VaMa)Za

Ly

b——Zp(MpV5)

wherein
each of L, and L, 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 M,Va and/or MpVyp through said nitrogen atom, wherein



each of L. and Lb is an independently selected froma |inking noiety
30 conprising O to 10 main chain atons, optionally substituted; each
of Za and Zb is an independently sel ected_conpl exi ng noi ety
conprising at | east one nitrogen atom ei Pher both or one of Za

and/or Zb is
conpl ex MaVa
of M and M
of V. and Wb

coordinatively bonded to a respective transition netal

and/ or Mo t hr h sajd nitrogen atom, .wherein 5 .eac
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which are respectively disclosed in [E0003] First International Electronic

Conference on Synthetic Organic Chemistry (ECSOC-1),
15 www.mdpi.org/ecsoc/, September 1-30, 1997, and Inorganic Chem 1999, 38,

5526-5534.
[016] The invention is further directed to a compound having the general

25

formula (1i):

wherein

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

0 to 10 main chain atoms, optionally substituted, and

30

35

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)




35 0/ 06 wherein both Rare identical and are selected fromthe

group consisting of: ~~NHBOC ~"~NcJ 5 ~NHBOC HOH Nv ' 0 OON
10 N-~"OH 0 COOHr |I~/1l~ 15 H O CcCooH léIHHII N AN N3 H b) 20
25 .. HNC30c) 0O ~-NN~HBOC 35 HZN'O O 7 d) O 5 10 This

means that the specific symetrical conpounds defined in a) and b)
that are disclosed in [EO003] First International Electronic
Conference on Synthetic Oganic Chemstry (ECSCC-1), .
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35 HoN g 0



15 invention. The sane applies to the specific asymetrical conpounds
defined in c¢) and d) which are also disclosed in these two

ref erences. However, any other sub-conbigation using a radical R as
depicted in a) which results in an asy trical conmpound is part of
~the invention. [017] In another aspect, the invention is directed to
a process for 20 producing a conpound having the general formula
(I'), conprising: reacting 1,4,5, 8-naphthal ene tetracarboxylic

di anhydride with a primary amne having the formula (I1V): H2N-La Za
25 and/or a prkﬁary am ne having the fornmula (V): HzNLb-Zb 30

t hereby form ng’a naphthal ene diimde internediate; and reacting the
napht hal ene dllnlde internediate with § tf/apsjtion netal conpl ex,

t her eby cpordinatively bonding th/_g_L @ to the at | east one
r 318}

nitrogen atomin each of Z, and{o Jhe—nvention is al so
directed to the use of the conp formul a*f4) as a doubl e
stranded DNA t hreading interc tor. [019] In a further aspect, the
invention is directed to a ne d of detecting a nucleic acid,
conprising: 8 contacting { east one capture probe inmmmobilised on a
substrate with the nucleichac/d, said capture probe having a

nucleotlﬂf sequence conplenentary to the sanple, thereby hybridising
the nuclelic acid with the capture probe to forma hybrid; 5
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asymmetrical compound is part of the invention.

[017] In another aspect, the invention is directed to a process for
20 producing a compound having the general formula (1), comprising:
reacting 1,4,5,8-naphthalene tetracarboxylic dianhydride with a primary
amine having the formula (IVY):

HoN——L,—Z,

25
and/or a primary amine having the formula (V):

HoN Le—7Z4
30 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 Z; and/or Z».
[018] The invention is also directed to the use of the compound of
35 formula (I) as a double stranded DNA threading intercalator.
[019] In a further aspect, the invention is directed fo a method of
detecting a nucleic acid, comprising:



[022] Figure 2 is a schematic illustration of how a DNA assay in
whi ch conpounds of the invention is used as intercalators for the
detection of a target oligonucleotide sequence. The illustration
shows a DNA bi osensor's typical anperonetric response in ascorbic
acid. 20 [023] Figure 3 shows a normalized cyclic voltamograns of
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hybri di sed S? Buh&s BE 0K r@ﬁ&%rﬁﬁ &5%%5' @%Pﬁaiétgg’so}cirlrfh%lge?eétgn G arget

* the anperonetr responses oun
ol i gonucl eot ph@m@éﬁcﬁ@eers@@wm Pee dll@st(aﬁyonaﬁbow'ﬁt@r t\lé) bicsgnsor's typical

hybri di zat i o e?dﬁfnéﬂmﬂ%?ﬁnﬂ@lrﬁ’éﬁor@ﬂc'eﬂ%‘uc' eoti de. PBS was used as

;B& i ng %APE@G@E é\lsplows %Iosrr%a zede rtlzgré:lelacl vglftargmzo%rams of Os(bpy):
(1) and PIND-Os (2); and Os(bpy).Cl; after 10 (3) and 30 min (4) of refluxing
with PIND in ethylene glycol. PBS 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

25 PIND-Os (1), Os(bpy):Cls (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 eleciron-spray ionization mass spectrum of
PIND and PIND-Os.

30 [027] Figure 7 shows an electron-spray ionization mass specirum of
PPND (1) and PIND (2).

[028] Figure 8A shows the gel electrophoretic resuits 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

35 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



[031] The present invention is based on the finding that naphthal ene
15 diim de conpounds carrying redox-active transition netal conpl exes
that are attached to the central diimde_scaffold via conpl exing
functionalities display excellent char acPeri stics as doubl e stranded
DNA threading intercalators. As conpared to the parent conpound

1, 4,5, 8-napht hal ene di.imde, the co und of the invention binds
nore strongl §CQ%r3388gI1Q81§?\?§n‘H@ﬁaBR%)£Wthout wi shing to 20 be bound
by theory, the [029t haFignee @ siowe thr oyglie JoltaehrhogrshiNAf ascarbic acid bound
"classical" readi I nt.er ks ly, ' t dant
transition rrg{]_ag Bé@g{ﬂ e‘i'%é’?@é tolhﬁgegggfeg eﬁ\@%&é[tofdoesthtg?fggéél @ vaillinfj h aﬁ%& @)
t her eby r ei nhyridizafionmeithisa® eM af polyth). oliggdicieotide land intescalgtiox with PIND-
active transpi ta f ' acabakyld t A 1
whi ch canﬁbedt?ée %Iﬁi%?b@g@hgégﬁﬁﬂgéﬂhgﬁnﬁ@gﬁ %’%gr%éséﬁjo%%emﬁ tst¥|ﬁgortmg
i nt er cal at edeleshplyts:. anhaskefgatal scanrale st MevipIwss Agplige Trace (1) was
fzomof)undfs 01‘1 o?mwe;dm‘@mté 1] élSD'{\ImI Iﬁ?glrb?ﬂiis”ﬁcoéféhsfbgmj Blﬁthirl:@% Y& sbriparison.
evels o ete n sgnsifivity. was found,in the pres
vention that D opui deecumind BEIRETomelisb ERRESERAT CbRsRE dound
at concentr atd oas poly(BEbaligobuglebtidé0@optédd adectrmde ebéfald y(1Jetandt arfter (2)
w t h bi ogens : US| e C n nt I r
Under certai ﬁ§t(§:r(|)dfn%alllt[l}|91 o&l\ts}f,ﬁ f% Peﬁﬁpe;ogcﬁrg@jl ?‘?ﬁot%%ﬁgég)t'gg'e?ﬁu‘ﬁ t%setgeas the
as | ow as absuppariiog ekactiohda] arsbapoistypeteatjalsofdl. 2@ Mewps epplied.

I nvention are as follows. Firstly, the conpounds of formula (lI) are
wat er sol uble yet very stable under__anbient conditions, displaying

hi gh el ectron nobility, good Ki neBEJAILED RESGRIBIION, ytic 35

eL f : citency- t Coupg3agd wi ?’hetgb\@stéhlleﬂiv@ﬂﬂ?ﬁiiyﬂaﬁéd t@hQﬁb{mﬁ-‘cﬂxﬁh @ Ithiad ﬁgphthaiene
abili e .transition netal conplex present..in conmpqun

fhese. oht actipidel BRERBH0s dBriind FRuFAcflerG8RALAE ety EOBIIERS that are
target DNA sefjachezk tatthaigntet dbimide igopaffolti viaFoompeaxing éundtionbbitesh display
found t hat tE?célféhFr%Pé’éééﬁélic%t é&"tﬂ%dbl&fstﬁa%earBN%”‘%hre%&fﬁgohH‘P&calat rs, As
t owar ds nucl 61 & &Cr ds - an proterns 1s very st hus “r &ndering e

Yy rong, [ e
them as sui t 6@Meateshin the parest cemmmdah&.ﬁ,mmhﬂaﬁl% diimigss ¢he compound
conpounds  cagfitHRenYSEfbr Binds Yadretithoriy fPibisiaistiaRged BNA. Wsthout wishing to

F OO Bel b et S e S abO S BB bine oAb i 2
di goxi n, protetagsicalanihiegeirs irteccatatioroombds, wiiler ey pemdant drargitiome metal
P033) "Each oponreangroly? HherfuST bt B3AEA ik DN therely B3BKIng the
l'i nki ng noi einfercalations Adstitierallybdhee atoh activerpranditian metl yoradgst provide
égcﬂapht hal egrctobatafiicS aafiVi) dhidh @dbePudes N aPBRoVe I6PCAEEREENemical -
25 response of the intercalated complex. Consequently, biosensors employing the
compounds of the invention as intercalators can achieve very high levels of
detection sensitivity. It was found in the present invention that under optimised
conditions, 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 M.

[032] Some advantages of the present invention are as follows. Firstly,
the compounds of formula (1) are water soluble yet very stable under ambient
conditions, displaying high electron mobility, good kinetics and electrocatalytic

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



conprising O to 10 main chain atons. In certain enbodi nents of the

invention, the linking noieties La and Lb each conprises 2, 3, 4, or
5 main chain atons. For illustrative purposes, if a 1,4-substituted
cycl ohexyl or phenyl group, for exanple,Ms conprised in the |inking
noi ety, this cyclohexyl or phenyl (aryl) 15 group then contributes 4

bonded + o caEHATHO@N ! Aoa A ensh hitp| Ptertmietion aieacty of the present
eﬁa_npl e],c Wi tboﬂn@bugemowanrnjs[mclélwtrduwam pcaem';lvew strpisg, thhe remdering the
chain o Sj c

"ty conpr MEEh L PP actod 37 abear B8 Moy a8 TBERE Srorfounds
sul fur at onscgn be. usechit er@arizty ohapplicativmiss snetam elaatroatemicalik pative tags
ol ety caf Cﬂm)ﬁigﬁf‘g[@&ﬂ ﬁ’lbhﬁ:rulég O&rpc[aﬁ l('Jé hfuﬁ%&ﬁéhs%ofbo {e%é}4ﬁrﬁﬁet5loafflnltlve

group, or an am roup, for é
I nor gani ¢ Chﬁlh‘i’@i@@QSUC@BaSSIUQBUaSgEQ@X[W oProbinspRajigens. andrantipogies; dhgreby

mai n chain abﬁﬁ(ﬁdlﬁ%ﬂﬂa pﬁéé.%nt b@ﬂﬁbﬂ%@@\nﬁcﬁ)ﬁdﬁc@{ﬂqﬂﬁéﬁmﬂ%hﬂ LIQetthﬁk%I-:»says

conp!exi ng ot ol 1012, B8Ry LngrBoCh R Bt Gt B 1 oot =

nmoiety, it i Enml@gsrﬂm@tyt dhatany rohatechttm"tweenome besmpkexinghempietsemtd the

ot ined 1 f ORISR difffue SAIE L a8y i Chadididgfeienty, each
branched, subsmptisingd ¢ 10rmvainschaintasamal ky tertainkembodimenty of the Evention,
acyl., cycloaiey W} g%&ég%é/'l_a'alﬁﬂ' L, EXE) %hﬁﬁ%}ék 2,%, £'¢fl Ehain chain atoms.

group/ radi ca ound esent’ I'nvention
used as DNA FAE k@alaa%rwrpqzse%n'a a4, 4-a|dest5w FYEPhexdtar ab@wl group, for

branched or ékéraﬁwﬂtlscélﬁh@%bd ah kb |BikiigP oidiye thl@UG@%héﬁyl @RI Sieghyl (aryl)

atons inthe lin creasegoor decreased.to _var.

The T ength opramotied SonFblietnd Bain OFG ERboR AR Satenitihe Hithy, The

and thus prbydrdgen ateasddradedadoyeddhemdirs tlaain aatbert avecrptiomally sabstitutest for
t al 0 t

br anched.  TnXapic, tiln Antbben RS, @F%ﬁo%‘?g?g%g%&& gL Thehnain, chain of

| i nki ng noi etheebnkluahm@setﬁdvay cgcmﬁﬁjssolebfr Bb prbayt @p@somoriih raay remprise

groups, wher gafbayaRinfs waﬁu fele'ieBS/SnlﬁBgérl oiw\eogrsweﬁ atd.ﬁso(n@ a hetero-
enbodi magﬁd eacrhl o{_ ILa and a at[| (s:at u(g at er ﬁ¥l car bon a
chain. EthpPanbf TREcrEANEdhat e D aaiRt San caiaaies #h eaipcarade
havi ng f or muttdodthir groupreantester gioap| or an @myitle grsuprfopgkamplepfsepyGB Patent
"sorexyl - naREEE? BP YidtoanREhtin 1305338 bs2h 3834 Rl tam BT Mhere are
of al kenyl gE@lgpmaimehaineatams el rdm!ml@ngyﬂ@@tsalebab@nthamerrgtr@gen am on
one car bon- ceyehRipiftRsRhe diftfide stAréIR!S dﬁ-@@t‘iy%énd@d ket cdriglegitigSmoiety. By
25 varying the chain length of the linking moiety, it is possible to vary the interaction
between the present inventive compound and the hybridised probe.

[034] L, and Ly as defined in formula () 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



when used as main chain radicals can have up to 10 nmain chain carbon
atons. [037] Exanpl es of al kynyl radicals include straight-chai ned or
branched 10 hydrocarbon atons which contagin at | east one triple
carbon-carbon double bond. In this context, alkynyl radicals when
used as nmain chain radicals may have up to 10 main chain carbon

t . [038], Ex | | | || boc

neterocyol | CHESPaTREPE. Inan amBeERat-eaqh phEaad Lo AmADh#Gs Sptusated

he'ltjerparyl.d KAydrocarodinc hain. 1bxamyles o6 pefemsdbsikilt greubsorthat are used in
titute t

ona” car boxyl SoMBaHdS HAMET om0 3o InBIST athvE b3, JSSRIL Egropy

cyclic hydrobaﬁybdhbu%l’fcﬁ-buﬂﬂlr rmlnhg} Bmﬂr‘éylnlaohmtﬂonéi%t igo-hgxyl, heptyl,

carbon atpnmsecf ¢b ix ring car bon at omns. QICI oaI kyI
radi cal s sr)rayog SQ @g %dééwg SSfor exanpl e, one 20 or

i dentical or dli‘of3@ﬂent Examplesy Qﬂléﬂbﬁ’%\/ g@@ﬁSa@cmehﬂl @[ppratlﬁyhydrocarbons
groups. Exapglifg a@ﬂeé@i@n@%dfﬁbnfcaﬂjmﬁﬂéulﬂé%dmc|I@Iﬂﬁ|§l@bhtex@yakéﬁlﬂﬁ'ddilca[s

Shbstrt ut od ePEN isBRO et s SARchau oo iy PR3 eatBor atoms.
2, 3-di net hyl cyc[mmznt yExampleseofaatpmyl rhfidals |@5zlrmldeaétiargmdhdlnecadr bedreched
are sat uy teﬁ){)&]’?ﬂg@%‘éﬂr Qﬁ:{?‘ﬁs VW?']IEH &Srﬂﬂf%t qg%étvﬁﬂ ffr@r@ %arbon carqOIn double

cycl oal Ky uted
has five to &ond. rinntju%@abtﬂxt aallsmyl regdieals w@enfuagﬁi:aaanwl @h\admradlcals may

radi cal s arﬁa@gkg@qgtmé[mﬂ Ca%ﬁé}@ﬁ@t ylethyl, cycl ohexyl et hyl

and cycl ohexyl net Cycl oal kyl al kyl ra

substituted. [O d/cfﬁw:a@w AR r@&l@'%r'@"'ﬂﬁ@aﬁ"ﬁPa'fbé’&%'iﬁc Pr deterocyclic
hydr ocar bonsardmatic raaﬂcmobr@brablgzmyn rtatpmmlt @lIgi ghhetdrognyt.aABdRadicals

t I | keny! di t bgn d
bond. bu> nada0s0 Seppnsih e e ueadEy WE SERRERDRT R o btndgns
i(rf:lrt_u(r:nI gre zaralgylsl hydredyls[mpamylsyforrea@nuﬂes whi ch nay be used in

icu
groups may be opti naI ?}/’a @gt méh(%? %%pggrﬁ%% u%%cfl wagocdf%é)ns which
exanmpl e, wit ROENF eQRiAn Hyae ooy cighkiring, carbpnoa m&,rwrleéera b foespr s ring

ahlcar boxyl bgéamsn 4t0rhal dgﬂaio@u@n r@ﬁcageﬁa@ars@ e £68bH&FtELd0 f@\né/xé?ﬁﬁleof)y one
C orin romn

I t h t
Che i man D i Paotdeet diReR ahShraficake Subh A MEtngr Bt Eand Graups.
atom t hat i sEkamged taf avtlhatkyh catitais atenceclopropit, r@gelnbutyd oroyclopentyl,

the conpl exi ao RLEL Y oy dBRe SR G8I0TRMEE YERRMPRE of CSusaidiiBle cy@oalkyt
radicals are 4-methyl-cyclohexyl or 2,3-dimethylcyclopentyl, for example.
[040] Cycloalkylaikyl 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] Cycloalkenyl 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 benzyl,
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 heterocyclic aromatic or heterocyclic aliphatic ring system or a

het ero-al i phatic chain such as an amno group). In accordance with
this definition, conpounds in which the -|l-Z- noiety has, for

exanpl e, the fol I ow ng structure (as di sclsed in [E0003] First

I nternational Electronic Conference on Synthetic Organic Chem stry
(ECSCC-1), VA mlloi.(ir ecsoc/, Septenber 1-30, 1997): 10 0 0 (CHz)a
C H (CHz) ac T4ONN& NI IA4iNG5 woul d be considered to have 14 main chain
atons in the |i[gd4hg nim diey context of the entvéwtion] Ghedast olzn chairoatom aofdthe

ol oxi ng. iEe abih S BN B3t 19 BRded B LRASMaatudn ARAE bra] phtigen
Each of Za aalwnziof the comgpexint: maisty. Ibes@lmie)sdg m@atvl lm@ytbmtfotzaxamule a
Zb can bes i dRBk&@)cli€ Tr&h%{lé’ro‘?rﬁe'tel%ﬁgcl%t%ﬂ |E r tdhCBRR I@%t@ﬁi aliphatic

provides a lone pair o ectrons naflve ondl ng
to a suitabl ‘éh@’ﬂér%htﬁsoﬁﬂ ABNRY IR l@@cchﬁe]cwﬁw Hisgelnifing. WBW@%S in

Z. and Zb cawhRk® LSz mamt@hégdfdwxan%mlth@ f@lmhgcmmtmqas disclosed in

Exanpl es of i.nc ar ona

o o el SisE Frbmausas LRt e pon i emy STk Orbnic
radi cal s car ChengstriNETSOC-N, wviNedpimrgfeCsde/, Septgmsherf BBOek@SPE e. A
sui t abl e]I |l ass of aliphatic radicals are primary and secondary am no

groups. 1h a specific embodinent in which a primry or secondar
am no group is used, the %trogen atomﬁf the anino gre por

to an aliphatic al kyl groupg;having 1 30
Exanpl es of such al kyl grodps include nefhyl, ethyl,

butyl, pentyl, hexﬂ—a«ﬁlﬂiz)ﬁmﬁeﬂs—t—h&WC—E—GMH—{@l@p ¥g_enbge :

of the i nvention, the conplexing nmoieties Z.H and Zb ma : &1 on
to nitrogen-containing functional groups or noieties, include other

sui tabl e-functional groups which are able to displace weaker 35

| i gands on tWweuldr hasidrisideredtial havenplexairExhaipl aontd irs diod lihkimgt moiedy, i.e.

groups i ncl g\ ‘Fe’t ma(ipéh |n09t8ﬁ‘|s aﬁ%’r‘e tlf'll% nSf(ﬁéWb?a@ H8hadd

anot her enbo exi ng nol e
het er ocycl e. Su[q4§ﬂ>l e ’rﬁ’etf@ﬁﬁ'él@cl(lés eatkl ﬁet%twm@ﬁxﬁgomlﬁﬁeﬁn@ and Zy

aromatic heg@hpRYsd @8 1688 ahe MirederdomatEicH ©f)z, ARG Z1etier pa¥stsdently

can eit % gelected, meaning that Z; and Z, can be identical or different. The at least one
nitrogen atom provides a lone pair of electrons that enables coordinative
bonding to a suitable transition metal complex.

[046] The complexing moieties Z; and Z, can be any suitable radical
having a nitrogen atom. Examples of such radicals include aliphatic and

25 aromatic moieties carrying amino or amide groups, as well as aromatic and
aliphatic 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, -SOsH, for exémple.

[048] In another embodiment, the complexing moiety comprises a



nonocyclic or bicyclic, in which ring atons are selected fromthe
group consisting of C, N, 0, and S. Suitable heterocycles include
I m dazole, triazine, 5 pyrazine, acridine, azepine, aziridine,
benzodi azi ne, diazine, isoquinoline, | acth m nor phol i ne, oxazi ne,
phenant hri di ne, phenanthroline, piperazine, pteridine, purine,
pyridi ne, pyrrole rrol.idi ne, . quinoline ui nol i zi ne, thiadiazine,
Uhi azine. 1 NaEovlh aStitgblen Beterarvalss, dntiude | bolr fopairamiatifiaend eomatic
presently phefeescyetes ruhbaturatedntindn satueated).ddhel ¢etgrocyele, can either be
phenant hrol i razi d. 1 | p
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present as a ch d oE[tUWcPQFbEEI 086cRh €5 anNd(Ipénif ROISNatvElY bonged to a

oxi dation st ﬁés‘pecffV@trQﬂ‘srth rea@nchmpRsd Mg\@gwam@mwb,swnereeéa@h bf M;enaEMb is
pr esent a char
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suitable in trldependemﬂy se!ecitetd:lvahcebgtownr el motselaationeof tiosuitable transition
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catalytic efficienc ow redox pote assocl a
osnmi um conpl X@'@lsﬁmwp@fﬂ)resently preferred 30 [051] In order to

\s/gt r;]; y theaﬁog%u:bo}at I Aﬁyvﬁéﬁﬁﬁg Qi(;lreféti m@@/éarh.rbrps drhedey aé@m@vemr@ruraedox
exanpl e, 21 1 RGeS U REGinG & UEEEIe o ds E% felponss'may be
coor di nat i veuyed.bamyl esktabséleoted fesm Gadwn Getont2rbpreterablywBraupsesdb 11, and
val ence ”E”bﬁ{oreg%@ré ytéﬁo@sp?'téﬁ (Wﬁgd‘ﬁgﬁ %E s 5SS, The t)r/ansmon

establishing a I hati Ve bond I"ex1ng
takes up at Mmef@lt Min@ndoddimay i e nresent st raomhame mroun@halrg@d species,
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+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 My, the
valence group V, and V,, can comprise any number or type of valence members.
For example, if M, 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



14 coordination val ences fromthe transition netal. Exanples of
val ence nenbers which can be used include hal i de, pyridine,
bi pyri di ne, phenanthroline, imdazole, ‘ﬁyridophenazine, por phyrin
and their derivatives. [052] One class of | onpounds falling within
the definition of formula (1) 5 and which are sui tabl e as DNA
t hreadi ng |nterca fors are F rica

@%&J

d th
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a an nma et a
corpl ex_or ¢ (BCAEPFePANaReRuld L et SRE S BRpL s (G o
is 10 grafted wi@32]an Onei class ofrsbepoands Zalling wythin theel defintion of formula (h
rubi di umgo hﬂx?hlch%%esgﬁdﬁoﬁg bialsh Fééﬂh%ﬁh?érc&l@f&?&eéré Salsymme’[rlcal

present, ei t bonde to the transrtion
conpl ex. | n EeA@ouUNdSs olit aviich hemperimalering nyoiedigehZa §ﬂ¢ue,ztbuﬁ€3 gifferent.

:nguﬁ)agfig gg\lsg@mﬂcﬁ%&ﬁsomé/gf lﬁﬂfmﬁéq a e%ary]g?%ee Qﬁlt\é\@%ﬁsﬁ.éﬁ AfBtal
5 vt o cancHEPlayes: BoBn Zarrd 2o TRy C%‘O%WHB‘Q%‘S 13 & saIE WREIRL Hapsition
rr}ay be choseatethlr complex orives yi:ﬁdnenﬂwtylﬁes ofdtansition amtaly@npkixbe (Breda is
el ectron al I b elt .

sutt ant oot Byt WA B3R A orbBick it ZECERaGReANPE REdIN complex)
i nt er cal at i n§Vipgrepenlyi ege dranslﬁbmmqiahndmﬂemim@eesam,e eitgmZaeyi &p oill be
the conpoundp,ged %%e ki nehBn St d&ﬁgfl%xtlheolﬂ% mrbfélﬁa% c&lﬂﬁBGH&cﬁavmg

of the invention nmprises 1 m m)rp0|ne COI’Tp exil

noi et i es. Théuq:fhacﬁiwttge EoRPredei Ga bR rhesereacemdinghe £of ee@amie et gy be
bond with thehéséngbki @rsurtgblal more@ﬁma'vha\ém hﬂ’rdgléﬂ ABrPheh i Iarweee electron pair

I t b t
ThIS oy hiret R cpfie BF carsRIGrec AT & taREoBneh FEh Blexn Wileads sgay be
pendant gr ouphoﬁr‘n’éroncambnrmenyomi&cbfrnﬂanahhla\ﬁ)an%avaﬂatﬂe frewet elapiren pdir for

in the i nve%t}ﬁ’ﬁbﬂ 'ﬁShuﬁmeth'is”%)@rﬁ 55 Zgﬁ%}ﬁ Béjéﬁﬂfawtable[na%liiy, as long as it does

phenant hrol i né §az0l b1 pyr
particul ar| ynpt afegmsety @fmﬁidhﬁﬁn rGQ'ﬁ'@Q:@F@RﬁIh@B of th@pﬁmmunmqr higdgnthe

asymtrl cal quﬁgg,gqgtﬁ@gbﬁﬁ,ohhg formula (11): 30 %N/~ O/ \ O u
N s '\5(5/ [0 ] In one embodiment, the asymmetrical compound of the invention
comprises imidazole and morpholine complexing moieties. The imidazole
complexing moiety establishes a coordinative bond with the transition metal
complex while the morpholine complexing moiety is not bonded to any transition
metal complex. This asymmetrical intercalator carries only one transition metal
25 pendant group. Other combinations of Z, and Z, that are contemplated in the
-invention include imidazole/bypyridine, phenanthro]ihe/imidazole, and
pyridine/bipyridine.
[054] In a particularly preferred embodiment, the compound of formula
(1) is an asymmetrical compound having the formula (l1}:
30 '

35




15 [055] In the above formula (11), the linking noieties are ethyl
radicals. One conplexing noiety is an imdazole while the other
conplexing noiety is a norpholine. In this particular enbodi nent,
only one transition metal conplex is 5 ptesent, and is

coordi natively bonded to the im dazol e group. The norpholine group is
not bonded to any transition netal conplex. The transition netal
present in this enbodinent is osmum and the val ence group conpri ses

bi pyri di nte_ and [?misqlr3 i dmltﬁegabgse Ighﬁlél@é n,latHe QHﬁEQQﬂdleﬁteémrlea@thl radicals.
osmumcati o ma +1 Or. - . n n er artl c ar . .

ot orred enbh AuRBRXGbisiGis, AR iEHORRals e bR EERpd thoigty is
conpound havimugphdlne. dn ik palidular emBoliken, KniyCbiid inapgidisn\metaDcomplex is
“Os(b | | | -

et Pk PfEsehy And A OB ERRel] SRS G0 ol e Brdl et Ritiphoiine
noi eti es ar egAHPd# ¢10¢ Rpnsigssio amd traheitionometainepmiplsx. nEheltransition metal

compr | 565 anfaeet ANCUPRS THEQRATER TTPsmiRRA rE e AT Moup comprises
gand. ¢ her BRYNGEREA RGIOFHE 1GADHa fhe yegal Ghargs Qe 1o aEh psBING GAtion
formula (111 maybd ¢$ oprexi di sed state, or +4 in its oxidised state,

the oxidation s 26 of gsmum.n this case being,.eithepn Os(l]]

or ou( 10 FesplBilver 1 SalET hekeisbl; Breldes sthE e hes RpiRRd of
havi ng the afwwels(@is 4 sgmnfaricallcasnpoweid hadngrihe forestdao(lll}-he above

two or nore of such conpounds in all possible ratios are within the
scope of the invention. [059] The invention is further directed to

the internedi ate conpounds 30 which are used to produce the conpound

as defined in Claiml. These inter rredi° nds are primary

derivati vis of napht hal ene dig=rq des obfai DWW reactin
1, 4,5, 8,1- apht hal ene t et r acafoXylio~di | de/ it A~ ry am nes
whi ch have structures thasbzoforrespond t g I i ng noi ety ghe)Cl

conpl exi ng moi eties in the desired comfound of fd&rmula(l). In other
words, an 35 am ne having the formula (IV): H2N-La-Za 16 and/or an
am ne having the formula (V): H2ZN-Lb-Zb 5

[057] It can be seen from the above formula (lll) that the two linking
20  moieties are propyl radicals. The two complexing moieties are imidazole groups;
and the two transition metal complexes present are osmium complexes. Each
osmium complex comprises an osmium cation, 2 bipyridine ligands and 1
chiorine ligand, thereby producing the overall charge of +2 in the compound of
formula (111} in 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 scope 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
intermediate 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,



wherein La, Lb, Za and Zb have the sane neaning as defined in the
above formula (1). If the amines of formula (IV) and (V) are
identical, in other words, a single aninf is used, then the
corresponding internediate will be symret §cal . However, if two
different am nes are used, asymetrical internediates will be 10
obtai ned. [060] Symmetrical intermnmedi ate conpounds which are
disclosed in the reference [E0003] First International Electronic
Conf er ence oan&pniaheadmine Kanvgranthe fomolasv)y ( ECSOC- 1),

www. mdpi . or g/ ecsoc/, Septenber 1-30, 1997 and excluded fromthe

i nvention. However, sub-conbinations q{ I|nke and 15 conpl exi ng
moi eti es di scl osed therein which |eall rical conpounds are
part of the present invention. [061] The |nvent|on is al so directed
to a method of preparlng conmpaunds having formula (1). The general

synt hesi s r oWeraiarle dromZagaRthels bavomdame oRING. qa pefipgd dn thg above

illustrated fdmﬁllzg(lb eh‘lhe 'aﬁuﬁe@oﬂcﬁ*ﬁwm‘é e Shd M%r@QdéNﬂﬁdﬁ%'cﬂhéWbﬁis a
is described in, detai Irst, a,hap

orvat | vo ( POl RIS IEsed FPmba dsyabaBeagniornesae yaliten syrametrical.

t et r acar boxy Hogvedegnih o i diferehé mehineafdre ruseef asyedhdtricalsintermediates will be
tdi anhydm de \ﬂﬁé&ﬁ one or two primary am nes which have structures

t hat correspon(il 0 the linking noiety and conpl exi noieties in the

desired conpountP&d f obpnnagiival mrcermeebatemmmstpuncﬂ%v&mraarm@hsmﬂadgln the

the f | 2 d
3 OeHZCI\)Ir rLr}[JI a (éf?l)senrcgagEbﬁoﬁatF@? 4rﬁérrﬂ5’ﬁ8ﬁ§? r@le@ﬁgﬂpugg dd?@?@%a%ﬁ Sfnthetic

napht hal ene Hrgampigelh ?’Hi%’ﬁ’nﬂ%@%pé: m@,ﬂm@%&ﬁ,a gRie! g@@{é -30, 1997
conpound of haAE éxtherdd mm;ame hﬁveWbWé@ér cgubﬁ@dﬁnmtanbﬁ@lof lifkeré and

is desir to_obtain mretrl oun of formula that is
wher oot B vBoRBleRi e e ERed SRERST Whichlead awm‘fg%g?@'o@an%?@ds
to be the saam patienthchpreseahimydntiate i s reacted with one am ne.

this case, the tq@]nucﬁﬁtgpm\}én%oﬁ' tlgsg o Oﬁec@é@m&ydé' et P(bhl c{? preparing

substituted by sane cing a

di i mi de i nt eFPBAPHRGS having dermyla (l)anT%@wﬁr@crah @mth@@ﬁpm fog fepnipe the
obt ai ned, t W@or‘ﬁ'pf)fjﬁd eRforiniRE $1) AhhidRlid fvistrated iR FIGUESEds BR-5@pG3rovedd) The

the di a% l%heSlS route is described in detail as follows. First, a naphthalene dimide
derivative (mtermedlate) is formed by reacting 1,45,8-naphthalene
tetracarboxylic dianhydride (herein after 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 anamine having the formula (IV):

HoN——L,—Z,

and/or an amine having the formula (V):
30

HoN Ly—7p
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 (1), that is, where the two pendant groups attached to the diimide



[063] In this reaction, the primary am ne attacks the dianhydri de.

W thout wishing to be bound by theory, the reaction nmay be classified
as a nucleophilic substitution reaction. For the purpose of

eval utaing the reaction kinetics of the Yeaction, a commonl y known
mechani sm nanely the substitution 10 nucl eophilic binolecular (SN2)

mechani sm ma applicable. Regardless of the nechanistic route,
assumed, thesgﬁg@i‘ ?B‘Qt%gﬁ the s2m9.itean de diEnhyApdR i$ Feadied WitteRst eqiine. In

bel FW' 50_64] th&@cmah@!nmtrhmlerughmc sn_re@gm tHeomanwclirtde_ewmlemgu_rmnuted by the
enpl oyed in the reactjon can varied over. a r.elati.v e nan .
Che. par i cul Sg e biere e Bt agbumt SR @il fster, v
knowl edge of an lasgmnsiiitdlexdbmpouriteisdotbe ¢oinirsda b diffdarent typps of abliges may
react an Sexcgéﬁs%%t@%é}ﬁ%vim ﬁqg farsth 'rﬂ@ onetrically smaller quantity

of di anhydri de. nversely, 1t 1S SO possible to -react an excess.

of di anhydri des[0f31h alnsrt%ua reRetion; t {heofprismanie amipe esitadise the adianbydride.

can _be_ carri ggtreut _v@lighiﬁﬁytosbéttﬂﬂlrﬁi B?Stﬁébn){"ﬁhérreagﬁorﬁ”rﬁ’é@ #RSclassified as a
sufficient contacti r_eaCLant s. For sinpliclt

ng bétween the , a .
stirred bat Bmple‘é@!@[?%rsugghtuyenerﬁepﬁ%d OFrfae UUReSH wtéwgameaeq%'on
E Ee reactor kinetieyf thied@actit®ra emmmigﬁy kh@wh&n@af@ii@hﬁnam_ew teadutstitution

e pri y am.ne(,s). S ntio apove I.n_a po I ,
such’ as O PP BlpalElld: e Meifulidnt oy 85, fidiable. dReddifless of
and ot her cyitlei meehdmiskc rauth aSsomedpile tsadion c2h e oamieslunh assshown in the

t et rahydr of Ué)?aﬂ.h Ie-'s-gfel&keri cal ly unhi ndered oxygen atomin ethers
carries two uns gre pairs of electrons, thus favouring the formation

of coordi nat i on[08dipI elegensral. the raelay aropsitions ehtherragestiv sarpiavad i the
the di anhydfdafoh Scatfedvdrivd BoerThXleMitiel2iitid Rende afkl PartiBuMk Wnfourkt of

stirred d refluxed at an el evated t erature f a syi.tapl e

e od o L aach Baan Toriese SemivRiinaR e renisige. pbihais et lephiaribe art. For
symmetrical examplendt i&f pbssibiel @ (dact iz trcdss obbgiimmlwim a stoighiemetrically
amne is rea .he _di ri.de.~ T L, M i.nter Lot et

s forned ci’?\‘gﬂ%%ﬁgaf'&eapw Ir';ggt rﬁ%*t}};eﬁgépw’eg i }F)é'l f aréﬂ ggggibger ?0\'%%& an
exanpl e, in exeessiafclianhysirided véth peesdrauantty, olamugseous acetone is
first int roduce@%ﬁ]to the r%%cfiﬁlzcé PhTA R o il éﬁ?'é(ﬁabfée vBkédl dRich

internedjate after " the refl ux s been carried out for the desired .
peri od of0 t i ROVIdSsH8Wiigient |spntagiingdbeinea: g reagiapis. Fﬁo@@ﬁﬂ@%r@ rryirred
about the pripgichireatioprtadf bé kenjloyeat. THE pdatants hup LRaddsd & ehel Beactor in
aded, Lo, o IhFudR) B! ChaRlb O R RE SR R SN bhlpece) as
I n this casementionsd 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 fo form the
30 diimide intermediate. ' '
[066] Where a symmetrical compound of formula (1} is to be obtained, a
single amine is reacied 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



possible to isolate the asymetrical compound through any
conventional neans, such as solvent extraction or chromatography or
a conbi nation of such 5 techniques. An efficient chromatographic
separation techni que can be achi eved usiﬁb an eluent that conprises
a conbi nati on of polar solvents such as al cohols and hal ogenat ed

hydr ocar bons ri chl or onet han chl or of i chl or oet hyl ene,
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[067] In specific embodiments of the invention, the first step of the
reaction leads to the formation of the naphthalene diimide intermediates with the
formula (VI1):

25 CN\/\NS | ' Z,/\/“Q"

and the formula (VII)
30

/\N/\/\N I N/\/\N/\N
35 N\) 0O Q o L\/

[068] In the second reaction step, the naphthalene dimide derivative is

2

o



conplex will not be attached to the conplexing noiety. In order for
the transition netal conplex to be bonded to the conpl exing noiety,
the nmetal conplex preferably conprises one or nore weakly bonded

| i gands whi ch can be easily 10 displ aced %y t he conpl exi ng noi ety.

[ 069] Anot her aspect of the invention concerns a method of detectlng

a nucleotide s whi.ch conmpounds of the fornmul a are used
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el ectrocheni ca etecti on because no procedures
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hi ghly sensiti ve non- yantifj catjon.
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to t h.di LD | nt | ect hem cal si | .
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el ectrocat al MEbl% é s‘éghéiné{@lr\ S/HXH Egnfgéﬁsjﬁfig%éatﬁéq’oﬂﬂﬂl‘é Q QF‘e dsedPMe DNA

Thi s el ectrocat a ctivity can
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Irrgats hreepr efeg?mgﬁrﬂﬁgﬁ?}f é‘%ﬁmﬁl@:;{g}l gsﬂe@éctrdc'a‘té]ﬂ'c trﬁ@%acawsyhéw goBt demitivity,
u u
ot oI ot r SHAdNIATE OB (e Sendiin PP aEREIRR: Wit SRR dattemical

t he el ect r oaahalysispvapabla txsdetedt teetdrgeinBINA ahcum:eﬂtrat@netqmld\/\nashmo M.
conpound to ‘r‘héquettﬁ deéie%éoﬁ}sm.&f'ca‘?{ %Séﬁda‘ﬂ eﬁﬁ%;ﬁggﬁﬁgbility of

so that when
reagent, chealegochemiaas d@lt@@ttqmba@anmnoﬁ@bpwngepmadwegr@nﬁ tROuied. The

'O)r(‘:j'dlc‘;;' on gf:or%%;@lgghgi: El‘l?ée 'égrﬂectl-r'll}aesn?&%éla'hSﬁ%anmAQﬁltﬁr‘édectrocatalyms of
XL o PBINSIOS Bioies 8RRl iest anB Y oh SRl SSRsitv Ranatalingrmethod

such conpounfts BMA cquisatification. al dehydes and acids. In one 20
F711 i m carryi 78 Phite Bebrah e e, inpae@Ricd i GPfiytyGorifriransiton
exanpl e, a nonstali greupsd i dheenempoandf of Jormvelap(ladeduiilised mutrmﬂdelce the
medi um hybridisation event into an electrochemical signal. It has been found that
25 compounds of the formula (1) not only intercalate strongly fo 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
30 sighals which are produced at the capture probe electrodes as is typically done,
the present method utilises the electroactive properties of the fransition metal
groups in the compound to 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
35 hybridisation. The test reagent can be any oxidizable and/or reducible organic
compounds which have well-characterised oxidation and reduction behaviour.
Examples of such compounds are alcohols, aldehydes and acids. In one



Desired probes may then be added, optionally acconpani ed by the
addition of 1 5 or nore reconbinational enzynes to assist in the
hybri di sation. Hybridisation can be initiated by any appropriate
neans, for exanple, by the addition of AT (adenosine triphosphate)
and/ or magnesi umions. Thereafter, a conmpound of forrmula (I) can be
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[073] In general, the compounds of the present invention can be used
as DNA threading intercalators for the detection of various proteins, peptides
and nucleic acids. However, they are not limited to such use but can be applied

25 to any other suitable  application requiring the . use  of
electrocatalytic/electroactive compounds.

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

30 EXAMPLES

[075] A general synthesis route for producing compounds 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.



tetracarboxylic dianhydride (>95% were purchased from Sigma- Al drich
(St Louis, MO USA). 2,2'-bipyridine (9999 was obtained from Avocado
Research Chemcals Ltd (Leysham Lancester, UK). Al other reagents
were obtained from Sigma-Aldrich and us wi t hout further
purification. [Gsmun(2,2" 10 bipyridine)2C2]C (Gs(bpy)2C 2), was
synt hesi zed Chenj.cal | t.
proposed proseguiteShy gy DERIORRd (D th A vielfe) )
Al pha- DNA ( Maphtisdlené&diiatide (PRID) grdfted with Os(iisy)eOli(BENDv@s e
custom made by 1st Base Pte Ltd (Singapore). A phosphate-buffer

sal i ne (PBS, EH 7.4%, consisted of 0.15 M NaCl and 0.020 M 15
phosphat e bu € Sused as the supporting electrolyte. B)
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25 electrode after the immobilization of the CP. All potentials reported in this work

were referred to the Ag/AgCI 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

30 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
35 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




5 washed briefly with ethanol. Purification was perforned by
crystallization from chloroformand dried under vacuum at 40C
overnight to give 0.28 g of dark red crystals. [079] PIND-GCs was .
synthesi zed in a single-step |igand-exchaffge reaction. To a sol ution
of OGs(bpy)2C2 (0.32g, 0.52 mmol) in 80 m fresh-distilled 10

et hyl ene glycol was added PIND ( in small portions,
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pair of volt gupst ol EiPe&ksin MY s WAL doBucted 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):Clz, one pair of reversible voltammaetric
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),Cl, 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, frace 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



purification process is very effective (Figure 3, trace 2). D)
Characterisation of PIND-Gs 5 [081] UV-visible absorbance spectra of
the starting materials and PIND- Gs are d3p| cted in Figure 4. The
spectrumof PIND-Os is a conposite of t he®® absor bance spectra from
both the ND noiety and the Gs(bpy)2CI (Al) netal conplex, as
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25 780, 483.3 and 242.3, 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):Clz. -

[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 58 mV
and potential scan rate independent. Such results ascertain that all of the



24 osmumredox centres are allowed to reach the el ectrode surface
and proceed to reversible heterogeneous electron transfer. Exanple
2: DNA Detection Using PIND-Gs : UV spectrophotonetry and 5

fl uorescence conpetition experinment A | nfobi | i zation of Capt ure
Probes (CP) [085] Prior to CP inmmobilization, a gold electrode was
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25 B) Hybridization
[086] The hybridization of a target DNA and its electrochemical detection
were carried 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 aliqguot 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 before 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




25 anperonetric nmeasurenment to renove random noi se and

el ectromagnetic interference. C) Det ection 5 [087] To determ ne the
node of interaction of PIND-Gs with ds- UV-vi s spectrophotonetry
of PIND-Gs in the presence of increasing %f"r’rounts of sal non sper m DNA
were investigated. In the UV-Vis spectrophotonetry, signatures of
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resulted in a 35% decrease and a 3 nmred shift of the ND band at
361 nm and 360 Dmiectifime ND absor bance band hypochrom smreached a
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changes in fluorescent intensity was monitored during the displacement of ds-
DNA-bound fluorescent molecules by PIND-Os through 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 flucrescent 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



i ntercal ator, naphthal ene diimde (ND) was first added to the EB
saturated ds- DNA solution, gel electrophoretic experinents showed
that the fluorescent 26 intensity of the EB intercalated with ds-DNA
di m ni shed gradually as the concentrati off of ND increased. The

bi ndi ng constant, Kd of 4.0 x105, estimated fromthe experi ment al

data, was in, ooda eement. With |i rat, sequent |y,
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51,8, 55, Al R e O, o O, kP v

remar kabl e bSane@Jerﬂlfyf iFINDOso weasd stusiedONith Lreapect1ta dtss abibity é@p@:ﬁdpete
to differ nt aﬁéﬁh?PEB%r 'BH\LI&%%@ dSEG, ﬁ us ﬁ@ﬂlﬂé 8hRfe éﬁoé@ﬁ' Biffdrent amounts

Pl ND- Gs/ ower or escent

fl uorescent phPENBr @ akerst mixpd adthoiie E&éawé e\ssa #erMR tRi grRIRineatheoRind
of PIND-OGs /gHlifyl anes 2-5) suggested that nore PIND-Gs nol ecul es are

o 10,412 S =18 S PR SRS e

I oyvdas 1/ 8, aﬁn&yttbwardbﬁdémm Lbhes dstdDBledreespbndBiondisferant! tied ofaBIND-
t

nd t he Tty Oy Tk M dne P SRETED b Eeribe sl el BRIty

PIND-Cs is aThedcbwelt floorgscemiNatensitiascal titeods-Diwh obained véthbthedhigher ratios

const ant Kd,oielstI%éaFEégTé % ﬁ@ebf%ﬁgﬁhnﬁtﬂ’b@lhm?‘@s%éﬁégﬁi are bound

COFFGSpOﬂdIn to ap r oxi ancenent over
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more tightly fixed in between the base pairs of ds-DNA. [n addition, a closer
examination of the gel image showed that accompanying the weakening of

25 fluorescent intensity, there was a systematic change in DNA mobility. The
higher the ratio of PIND-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 : voltammetfric 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




[091] PIND GCs was evaluated as the electroactive indicator for

possi ble 35 applications in DNA sensing. A hybridization test was
carried out using a poly(A) oligonucleotide as the target DNA. Upon
hybri di zation with a poly(T) CP coated ef’ectrode, the target DNA was
selectively bound to its corrpl enentary CP and 27 becane fixed on the
sensor surface. Tho ough nsing with theél'h bri di zatj on
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vol t anmogr andeteafioimitesfolr. & MWaafdmalnbgibrl di zation. For conpari son,

a target DNA hybridized 25 sensor in blank PBS is al so presented
(Figure 9 trace 1) Trace 2 was obt a| ned W|th t he sensor before

hybri di zat i oExampley 23 I$ing 08 r acvoltammetric _and

corresponds 591%&6nﬁ=ﬁﬂéorarﬁiﬁsﬁ'§ @fb"ahd'ighhﬂf‘ a'*éia RhNigh&S presence of the
i ntercal atiop eNsors showed a totally Ifreversi bl e oxidatron
process 4'or Mﬂﬁﬂww zation the anodic peak potential (Er)

for AA oxidati o[p98)s alpoudndth@0ViesBO ther gdnypldteel t seridves phefmracearef after
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amperometrically in PBS containing AA. Figure 9 shows cyclic voltammograms
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 (E,) 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 Ep 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




the presence of PIND-Os greatly reduced the overpotential of AA

oxi dation, shifting the Ep 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-fol o® The oxi dati on potential is
simlar to that reported for such a process at osm um bipyridine
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voltammetric results obtained earlier 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




coefficient of 0.992, The detection limt, defined as a

signal -to-noise ratio of 3, 30 was found to be 100 fM nore than
1000-fold inprovenent in sensitivity over__direct voltamretry.

Exanpl e 5: Synthesis of unsymetrical i ntet cal at or s- N- 11- ( 3- propyl) -
i m dazol el -N f-1(3-propyf-norpholine)l- 1,4,5,8-naphthal ene diimde
35 (PPND) A) Chemi cal s d equi pnrent 29 [095 , . ,
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exanple werg, | L S I.n anple 1. 5 B) Synthesis
Procedure [Ogﬁg%%gégﬁﬂéﬁ?%%Q?g%mgéﬂﬂaleo "formula (1), PPND, was

prepared according to the procedure outlined as follows. Briefly, to
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C) Characterisation of PPND-Os

[0971] HPLC-mass spectra reveals that the isolated crystals were pure

(vield: 24%) (Figure 7). UV-visible absorbance spectra of PPND and PPND-Os

25 are d'epicted in Figure 5. The spectrum of PPND-Os is a composite of the

absorbance spectra from both the ND moiety and the Os(bpy),CI metal

complex. The visible region (400-600 nm) consists of the characteristic

Os(dn)—bpy(n*) metal-to-ligand charge transfer (MLCT) transition; the peaks at

383 and 362 nm are mainly due to n—w* transition 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



30 contribution fromunderlying M.CT absorbance. At shorter

wavel ength, the peak corresponds to |igand-cantered transitions from
both PPND and PPND-GCs. 35 30 What is %Iained is: 1. A conpound
having the general fornula (1): o0 o0 (gawh)Za La-N N-Lb-Zb(MVb) 5 0
wherein each of La and Lb is an independently selected |inking noiety
conpri si ngvha,is 8laimedrs:5 mai n chain atons, optionally substituted; 10
each of Z. and Zb is an independently sel ected conpl exi ng noi ety

conpri si ng l,.e Lt [ both or one of Za
and/or Zb i ?céo&ﬁ%@ﬁ%ﬁ%vhggﬁ%ggﬁg@ g&hﬁ.@%g tive transition netal
conpl ex MaVa and/or MVb by said nitrogen atom, wherein the |last main
chain atom of each linking noiety is onded tg@ a 15 nitrogen atom of
a respective conpl exi ng noi ety, #ach of the transition
metals Ma and M is inggpendently sel getq e ;@reuUp consisting
of osmum ruthenium 1ron, rhenhum RI at i/num each of Ma and M
is an i ndependently sel ected transi and each of Va and Vb
i s an §ndependently sel ected val® p, 20bwith the proviso that
the follow ng compounds are excluded: \N~ O\" / \ O~ NN~N.yip
Rux. Rd' 'ggyg(l‘l\l/ OO\ / OO~N WH..ry~ 25 ONN \ / O NHBOO

NH O 30 \ / 31 ) ]
each of L, and L;, is an independently selected linking moiety comprising

2, 3, 4 or 5 main chain atoms, optionally substituted;
10 - each of Z, and Z, is an independenily selected complexing moiety
comprising at least one hitrogen atom,;
either both or one of Z, and/or Z;, is coordinatively bonded to a respective
transition metal complex M,V, and/or MpV,, by said nitrogen atom,
wherein the last main chain atom of each linking moiety is bonded to a
15 nitrogen atom of a respective complexing moiety, and wherein

each of the transition metals My and My, is independently selected from the
group consisting of osmium, ruthenium, iron, rhenium, and platinum,
each of M, and My, is an independently selected transition metal, and
each of V, and V,, is an independently selected valence group,
20 with the proviso that the following compounds are excluded:

25

NHBOC

30

35



\ O/
N (CH2)3 -N NNOSI / N

NHN 5t3 N 10 9N) Rul
\N N~(CH2)3 0 111w /

I
INT/N O N ~I

o]

Ru O"N
CH2)3 -N N
IN O/ os
0

f--17 1

oZ2_—-_2Z2

<=
—

15

20



/
/

/

IN\ 00 NN
NO/I 91 M /s\ xlI

1/

[

/
\

\ N (CH

~\' N

V N 32 Ru
' N1 /MN
90 r7 b N N\

ri NI
N\

(
N 1
|

<o
ot



M 10 MM \NI M a~J M1l p\ N /N Ru N (CH2I N RXN pj M
(CH2)3-N\ \ OM MICMNM M e 33 and CF3 CF3 eNCF3 0 NI F3C
Ru N (CH2)3-NN \Ni R/ (N—OiCF3 NI (CHZ)3-N\ I \ F3C/ 5
0 CF3 CF3 2. The compound of Caiml, 3Wherein each of the conpl exi ng
noiety Za and Zb is a heterocycle. 10 3. The conpounds of Claim 2,
wher ein tﬁ%dheterocycle Is selected fromthe group con5|st|ng of

i mi dazol e, triazine, pyrazine, acridine, azepine, aziridife,
benzodi azi ne, bipyridine, diazine, isoquinoline, |acta DI phol i ne,
oxazi ne, phenanthrldlne phenant hrol i ne, pi perazine, p
purine, pyridine, yProIe pyrrolidine, quinolin | TRy =
thi adi azi ne, thiagtwg, triazine and tropane. 15 4. N ‘leof
Claim1, wherein of the conpl exing § i

primry og° ay™™ group. 5. el{ compound g \q,al
_Lhe grimary or

the nitroge Y= {CH2)3=N

2. The compound of Claim 1, wherein each of the complexing moiety Z, and
Zy is a heterocycle.

10 3. The compounds of Claim 2, wherein the heterocycle is selected from the
group consisting of imidazole, triazine, pyrazine, acridine, azepine, aziridine,
benzodiazine, bipyridine, diazine, isoquinoline, lactam, morpholine, oxazine,
phenanthridine, phenanthroline, piperazine, pteridine, purine, pyridine, pyrrole,
pyrrolidine, quinoline, quinolizine, thiadiazine, thiazine, triazine and tropane.

15

4. The compound of Claim 1, wherein each of the complexing moiety Z, and
Zy is a primary or secondary amino group.

5. The compound-of Claim 4, wherein the nitrogen atom of the primary or
20  secondary amino group is bonded to an aliphatic alkyl group having 1 to 6 main
chain carbon atoms.

6. The compound of Claim 1, wherein each of L; and Ly is an aliphatic
saturated hydrocarbon chain.

25
7. The compound of Claim 1, wherein each of the valence group V, and Vy is
independently selected from the group consisting of halide, pyridine, bipyridine,
phenanthroline, imidazole, dipyridophenazine, porphyrin and derivatives thereof.

- 30 8. The compound of Claim 1, wherein Z, and Z, are identical.

9. The compound of Claim 8, wherein Z, and Z;, are selected from the group



20 secondary am no group is bonded to an aliphatic alkyl group having
1to 6 min chain carbon atons. 6. The conpound of Claim1l, wherein
each of L. and Lb is an aliphatic saturated hydrocarbon chain. 25 7.
The conpound of Claim1, wherein each of the val ence group Va and Vb
is independently selected fromthe group consisting of halide,

pyri di ne, chngigtingliohdmidarodanapurine | piperazine, deweriaathralins,r pyriihe.naziriveary
por phyrin ivatd kepf. 30 8. The conmpound of Caiml,
wher ei n Zgﬂ—gﬂ%g% aagéedal\hgl%'rﬁlg@é . 9. The conpound of Cl aim 8, wherein
Za and Zb are selected fromthe group 34 consisting of imdazole,
purine, pipetaTheeconprrmahbdiTlaim e wheyeindrend 2, pra difesentam ne and a
secondary am ne. 10. The conpound of Claim1, wherein Z and Zb are
different. 5 11.The conpound of C aim 10, wherein_Za and Zb are

sel ected froM-1He CYPBARNE HsERAIMNE0oVhereiDaZor8d 4n@racigeded feomithe
The compoyrslipéortdigting df imidedodé narld maRshdldear € identical . 10 13. The
conpound of aim12, wherein L. and Lb are ethyl or propyl. 14. The
conmpound of Claim 1, wherein only one transition netal conplex MaVa
i s present. 1%The compoushgfdulaim df whesgim Lk, angher @ierdenicalr ansi ti on

nmet al jgonpl exes Mava and MoVb are present. 16. The conmpound of claim
15, wherein id My is id ical .t0 . ..20 17. The c ound of Caim
T, wher ei n ThENE BRI GBI teawherejortis e Likra S0 & H12Rke gr oup
V. consists of two bypyridine (bpy) Iigands and one hal ogen |igand.
25 18. The cprABNELABokhdidh ElaihiaY] Mher&if bAIYNBHE tkdnisition métaBEompléx

VN M:Vaiglpl%;eng

15
15.The compound of Claim 1, wherein two transition metal complexes MaVa
and M,V, are present.
16. The compound of claim 15, wherein said My, is identical to M,.
20 :
17.The compound of Claim 14, wherein the transition metal M, is osmium,
and the valence group V, consists of two bypyridine (bpy) ligands and one
halogen ligand.
25 18.The compound of Claim 1, having the formula (l):
30
35

19. The compound of Claim 1, having the formula (111):

C, (o]
N N N SN
P ~ NN
Cl(bpy)20s Os(byp)2Cl
(8] Q



19. The compound of Caim1l, having the formula (I11): o0 0o ~N N N~
Cl (bpy)20S, \/ O\ / O OS(byp)2ClL 35 20.A process for producing a
conpound having the general formula (1). o o (VaMa)Za La N
N-Lb-Zb(MoVb) O O 5 wherein each of Bd and Lb is an i ndependent |y
selected linking nmoiety conprising 2, 3, 4 or 5 main chain atons,
optional |y fhétprooessitor@acduciig Zacoammbltil havisg thendepenatitonmivia ([):

sel ected conplexing noiety conprising at |east one nitrogen atonm 10
either both or one of Za and/or 9Zb iscoeqrdi ngpively bonded to a
respective transition netal co Yor MoVb by said
nitrogen atom wherein the |ast pe ' m of each |inking

nmoi ety is bonded to a VMETogeT 4 espBttihvedbirpl exi ng

noi ety, and wherein each of the t Zi tion .
i ndependent|y. selected fromthe /15 Noup/ conyj st i ng of osm um
ruthenium iron, rhenium and pl®ti num @ach of M and M is an

i ndependently selected transition netal, and each of Va and Vb is an
i ndepehdewhereinel ect ed val ence group, said process conprising: 20
reacting 1,4, 5.8~ ht e: r; | i i j o
primary am nee %@?Jirﬁglf a{%é]e ?tb}strrﬁﬂliéﬁﬁwykﬁﬁé@g@ﬁg@hgﬁgwﬂ?g@mpnsmg
prinmary a#fi fet BEDIMaineain stoms.Lrtionally spbstituies: 30 thereby forming a
napht hal ene di paERlEof 4, eBABAZALS; aANhdepaRtiemy, idefediédédpleRing moiety
di i m de internedi atc? wth a transition nmetal ‘conplex, thereby

coor di nat FOBPYSHER8SHANe HEPIPN 8Pi ex to the at |east one

ni tropen at om kitheasdthalr ohe ahld) andds.Z,36 cdbdrdifaitvels bonded te ampepactive

having t h?rapl&{ig}i' ln"f‘et(al' gzorﬁﬁleqel‘\];l;\ylaeﬁ'ldlgr Hﬁ’L Bl/jsa?dsni?rogen atom,
wherein the last main chain atom of each linking moiety is bonded fo a
nitrogen atom of a respective complexing moiety, and wherein

each of the transition metals M, and M, is independently selected from the
15 group consisting of osmium, ruthenium, iron, rhenium, and platinum,

each of My and My, is an independently selected transition metal, and

each of V, and V,, is an independently selected valence group,

said process comprising:
20 _
reacting 1,4,5,8-naphthalene tetracarboxylic dianhydride with a primary
amine having the formula {IV):

HoN—L ,—Z,
25 :
and/or a primary amine having the formula (V):

HoN—Ly—7,

30 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 Z, and/or Zs.

35 21. The use of a compound having the formula (1) as defined in Claim 1 as a



36 double stranded DNA threading intercalator. 22. A nethod of
detecting a nucleic acid, conprising: contacting at |east one capture
probe i mobilised on a substrate with the 5 nucleic acid, said
capture probe having a nucleotide sequéﬁce conpl ementary to the
sanpl e, thereby hybridising the nucleic acid to the capture probe to
forma hydbuble; stamtiedddiNAghtdaelinty imterdalsitdh a DNA t hr eadi ng

I ntercal at or conpound having the general fornmula (1) 10 o o

(Vawn) Za Le_ N N-Lb-Zb(MoVb) O O wherein each of La and Lb is an

i ndependent?% danethaskpfideireting aduelelc 2eifpeeBPAgNG: 15 to 10 main

chain atoms, opbhiaRahd >étSvé@ﬁtéﬁeibggﬁur@%mb@flmﬁﬂﬂmédzbn 'ass@lﬁ‘strate W|th the
i ndepepdent I y.sel SCt ed co | exi rg%fﬁro NE{B a at | east

ni t roggn AHBIRIC QG dSBiReCT 'Ef'oPFP %l“%r?dPH?'e ¢ Segusnes ﬁ%'?‘ﬂﬁ‘é]’?z”tary to
bonded t otfe sefpdst theesbyt habddisingntheehadleicoatitiets faVeaptard protd b foym a
sai d nit:rﬁ% atom 20 wherein the last main chain atom of each

I i nki ng ‘§f I's bonded to a nitrogen atom of a respective

conpl exi ng noi eoytacting thedrybirid witle ra &MNAKheeading intsrcalatdn depgadedthayving
sel ected and each of Va and Vb is an independently
sel ect ed 3@%@%@%@@5&% t%hereby intercal ating the hybrid; 25
contal?ing an organic acid with the intercal at ed hybrid; applying an
oxi di sing or reducing potential Y 7 i gPaci d; and det erni ni ng

the el ectrochem cal response of . s Nc_afid. 30 23. The nethod
of Claim 22, wherein the or g ni ni ¢, acid ascondi ¢ amg 24 The
met hod of O aim 22, whetdrn the &l ect T Pespone of the

organi ¢ acid was det er mi ned by vo} anperonetry.

wherein
each of L, and Ly, is an independently selected linking moiety comprising 0
15  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 MgV, and/or MV, by said nitrogen atom,
20 wherein the last main chain atom of each linking moiety is bonded to a
nitrogen atom of a respective complexing moiety, and wherein
each of M, and My is an independently selected transition metal, and
each of V; and Vy is an independently selected valence group,
thereby intercalating the hybrid;

25
contacting an organic acid with the intercalated hybrid;
applying an oxidising or reducing potential to the organic acid; and
determining the electrochemical response of the organic acid.

30 23. The method of Claim 22, wherein the organic acid is ascorbic acid.

24. The method of Claim 22, wherein the electrochemical response of the
organic acid was determined by voltammetry or amperomefry.



