STABLE HI GH O RATI ON STATE DI AM NE METALLOCENES AND PROCESSES FOR

THEI R PREPARATI ON [001] This invention relates to novel netallocene
corrpounds, I n gart I cul ar h oxidation state netall ocene conpounds,

as weljT dIDATFIGN ?g ToEHEIAES AND RRQGCESHEy E&R THEIR
5 BA BONHE IN\/EI\ITI ON [002] Since the discovery and

el ucidation of the structure of ferrocene in the early 1950s,

met al | ocenes ans 0 as, | (ﬁﬁl@%

t ungsten, chrgboun nTngS Wn\b‘@ﬁt@ns r%‘&ingﬁg%efs@%o[rméjtg éegrﬁnl?m ave 1}H188

been a contpam@,uarsmgh@xmiatimnt sladp endlatloceraricompoundsmasewelhbs processes

scientists. r Lon of netal |l ocenes was
their used fg 8'%?%{% eggddr?%@ﬁldﬁ%g* 9%%%{% n; reviewed, for
exanpl e5 by Younkin et al. Sci ence, (2000) Vol. 287, pages 460-462 -

who al so report recent devel 0 nts of b| s%m opent ad| enyl and
nonocyl copent adi enyl net al | BVENZIONt j on net al

that are Usedtlé%]gomgﬁ'i&%%e%%c%’ A (% ﬂcﬁéﬁéﬂ Mﬁh% sthﬁ%% cﬁ‘sferrocene in

nmet hods for pro i ng nore sta |ve ocenes
devel oped dherearhe 1/%@5 mdiallocenss b’avtearmmsmndneltaﬁm smm:heasarrcaasnmbium

Slen o6 oreBalic tupgiieh. BERRLAT SRk GheRorihaRTEep UG ave

probes 10molbeepl @éoﬁﬂnﬂ@%&tr@e olﬁﬁﬂrfgué'w c@ﬁﬂs@a@%at@ﬁél%tﬁé?ﬂ%@' Y,
as a nediator in enzyne electrodes. [005] Metall ocenes such as

fﬁépocenes ar 4983k o cheeHﬁﬂgtloaﬁh@mpa@ora ofy mat@megganwasm@wt gsed as
I NCr

Set ences. | Earifls’ B Sisfh, pefyraidion; RISt SofetmBR, BY Fhunign et al.

w despr ead &:&ml(ﬁ@@ﬂb ofed. 297, pages 460-déRaviys iadschrepont Eau:ebt ds\eaieptm@nts

t her not r ophj:c S u
i n Nt al | ochnReRcheriadBha Bl toPRovaaR R riocBhes B ey
1; Vol 152, i@majibbermktal tAat ﬁrzgussecaad HRmogeridals polgmeriséion c&ﬁh&&s. New
Yor k, 1998). &g&ﬁ] I{gn in h, oxi d tlon st at esﬁ ﬁuch s Fe and
Fe(Qv) has al 30 begd"f o IHQ MRS (ngge; seBieordiacty 'métaiibbénes
processes. vare @easipbed 8vat ffe ¥8AES their use have expanded to other areas of
application in which their electrochemistry had an imporant role, such as
electronic applications including molecular switches, metal probes, molecular

I—-

20 .magnets, non-linear oplics and, more commonly, as a mediator in enzyme
electrodes.

[005] Metallocenes such as ferrocenes are also'eurrently undergoeing a
renaissance due o their increasing role in the rapidly growing area of material
sciences. For example, ferrocene-containing materials have found widespread

25 applicaions not only in catalysis but also biosensing, thermotrophic liquid
cfystals and non-linear optics (cf. A. Author, in Metallocenes. Synthesis
Reactivity, Applications, Vol. 1, Chapter 1; Vol, 2, Chapter 11; A. Togni and R.
L. Halterman, Eds, Wiley, New York, 19398).

0067 Iron in high oxidation states such as Fe(ill) and Fe(lV) has also

30 been found to be involved in biological processes. For example, a wide range

: _ of heme aind non-heme iron-coniaining oxygenase enzymes were found io be

involved in the mediation of oxygen atom transfer in biological “systems.



of heme and non-hene iron-containing oxygenase enzynmes were found to
be involved in the nediation of oxygen atomtransfer in biological
systens. 2 Additionally, dioxygen acti %at i on by netal |l oenzynes and
bi om netic.conpl exes has fuelled inter i n high-val ent netal

conpl exes as nodels for biocatalysis. (cf. Chem Rev. 96(1996)

2607- 2624, A Rfrn12A0 O og@égn?eﬁﬁan@ﬁ%#rﬁ%ﬂbeﬁ%bs B BIQmirﬁéﬂld complexes

st abi I|ty ferrocéne compounds are however typically based on the

ferroceni (@S fua"%dc@ftprseﬁ inHhigh-viatent metal @Dﬁ?ﬁ[%e&‘pﬁééﬁ@ﬂei§§0ﬂ:|é10(3ﬁiall&)515
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(T 1T ul #5eg o0 thegieTiRpeBinoR Bsdn G §16 T80 GlemiS vepestaas i (1)
19, 1983) \@herEal ehel( F‘i‘}“l) (sbecgﬁﬁﬂ%ch%%ﬂroﬁ% ﬁré@&@t) in ﬁédatféﬂ'ﬁ\o‘taté (V)

[008] A simlar instabi was reported for otaer I gh oxi dation
state net aavedmi@geaalsm%ed besausx drpsiapbilily p§ 66° «lecieasqsdiggiicantlys Fhe

1969 re
oxi dat 1 on “RRAE Pt BEih) tters o8 fEsPeg sy i PegHchgmicaly
vol t anmet ynden tia@@tmmgemﬂ t@;@ﬂ%& [(li mg\m Sl 4(1°vaa~§st Stmaqwsaayd t{morg.
use a rocgss tenperatyre of - i n_order reven ni c
(1v) 2Beci éﬁ Eﬁr Tﬁﬁ)ngs‘? n@a ﬁk@a\n @20 Rﬁﬂ%’ﬂa %<§é SReE0)
82, 5811 (§4.ﬁ descrl bed a one-step, two electron oxi datlon of
rut henocene. In “inert nmediumand at anbi ent tenperature,

obt ai ned r ut HeBB8Lend dsipvler tinstabilizy was repeiiee Job ®tasrc hich példiaban ofate
about 10 r}ﬁéfaﬁocél'%g] aﬁﬁ&orEbp%%agnﬁlﬁer\ﬁ/g§8xgaé{‘%1 (B‘Eéé b‘?r J%*sab 1269))

met al conpl éxes can hodel
directly iachipvectiheakvespiple @dtations of n:nkeﬁeomuhee)mmmrmta’@ af @idsto (V)

o10) Ton OREEIEES o0 e RAmmsRy Brabr sl St v
the for mieebbary tbryse 3Qorocess temperature of -40°C in order fo prevent the nickel
(IV) species from rapidly decomposing. Likewise, Kuwana et al. (JACS, 82,
5811 (1960)) described a one-step, two eleciron oxidation of ruthenocene. in
inert medium and ai ambient temperature, the obtained ruthenocene dipositive
20 ion decomposed over a period of about 10 hours.
[009]  Accordingly, there remains a need for siable metal complexes
which can be used, either as model compounds or diréctiy in practical
applications, in the above mentioned areas such as biocatalysis or biosensing.

25 SUMMARY OF THE INVENTION

[010] In one aspeci, the present invention provides a compound having the

formula {):

{Raly R 3

T
e Jﬁ%

Faly

30

N,



I " 31 R2R4I H 3 wherein: Mis a transition netal selected from
Goups 4 to 10 (I UPAC, 1990); Ra is Hor Cl to C6 alkyl, optionally
substituted; 5y is an integer of 1 or 23 Rb is Hor a vinyl group

havi ng
RC | -

the formula (I1): HH1 f 10 -C=G R, or the formula (I 1A):
i -CCH2 H 15 R, or the formula (I IB): Ic Lc -CC C=CH2

20 RO HO wherein R is Hor ClL to C6 al kyl, optionally substituted,
R, and R are |‘r}l% endently selected from Cl to C6 al kyl, optlonally

substituted; 25

c6 al kyl ,

eld R4 are i ndependently selected fromH or CL to
opti aNwy 4 Maﬁsiﬁ@ﬁ irh&fef Saledtl ﬁohﬁe?éupsquo (RIPRCO1950);

1011] Anot her agect of the invention is directed to a process for

preparing an or

i HrtGl 1o &caligb optionalpsilstiigied3o reacting a

compoungl havi ngythe,faeaul 3¢ ¢lorlst) -

10

15

20
)

25

30

Ry is H or a vinyl group having
the formula (ll): '

or the formula (11A):

or the formuta (11B):
R: Re
G G C=—=—CH,
]
R R

c

- wherein R, is H or C1 to C8 alkyl, optionally substituted;
R, and R, are independently selecied from C1 to C8 alkyl, optionally
substituted;
R, and R, are mdependently selected from H or C1 to C8 alkyl,
- optionally substituted; and
n is an infeger of 2 or 3,
[011] Another aspect of the invention is darected i0 a process for
preparing an organometallic compound comprising:
reacting a compound having the formula (IIf):



4 vNM Fb 5 PUY with a compound having the formula (I1V):- R R3 R
| ~-1~-1 10 RZ R4 R2 wherein: D Mis a transition netal selected
fromGoups 4 to 10 (I1UPAC, 1990); R is Hor Cl to CS al kyl,
optionally substituted; y is an integer of 1 or 2; 15 Rois Hor a
vinyl group having the formula (10): HH -C=C-R, 20 or the
formula (I 1A): R - i -CCH2 H RGRX the formula (1113):
[-1-CCH2 H 1Ic | ¢ 30 wherein R is @1—('&06 al kyl, optionally
substituted; R and R2 are independently7Cl to C6 al kyl, optionally

substituted, 5 R and R4 are independently H or CH3, optionally
substituted; and Ay

5 | o
with a compound having the formula (IV):
Fr T'a T1
N
10 Re R R
wherein:
M is a transition metal selected from Groups 4 1o 10 (IUPAC, 1990);
R, is H or C1 to C8 alkyl, optionally substituted;
y is an integer of 1 or 2;
15 R, is M or a vinyl group having
the formula (li):
L
C——C Re
20 or the formula (HA):
Rg
e G——C=—=CHj,
I H
Ro
25 or the formula (IiB):
R, Rs
C——C——C——=CH,
O
30

wherein R, is H or C1 to C6 alkyl, optionally substituied;
R, and R, are independently C1 to C6 alkyl, optionally substituted,

-



nis an integer of 20r3; said reaction being carried out .in the
presence of an oxidising agent. [012] A further aspect of the

I nvention is directed to various uses of . 5 conpounds of the present

i nvention, for exanple, as a nucleic a0|5 i ntercal ati ng agent or as a
cat al yst for t he oxidation of am nes. BRI EF DESCRI PTI ON OF THE

DRAW NGS 10 [ 013R, &hd R nuentdosenddrilylid dyedH g optiofels salostituiedhand
reference to the 1 03 deta ﬁ;\%ed descripti on when consi dered in
conj uncti on wi t h{RENTYRIGS ¥ 2ORG: exanpl es and the drawings, in

which: [014] Fi gﬂéﬁisreéétlﬁfﬂﬁeii‘ag é%?ﬂé%%ﬁﬁ"ﬁp’t@ Rsehie d@ﬁéméx@iﬂgbég?ent

hlgh oxi dation state conpoun resen i nvention, namnel
vi nyl f err ocene[01&] teﬂrﬁwﬁ@h)ﬂmltéﬁb@l mvendon Herdirgried 4o \I‘Béf%llsr gees of

(her oi nai t oo BPuFPE. Bt s, BreBERNRRIGHHRR” L B ARPIFCE® HRGriein e
portion is mwmmﬂngeasgdnemasl@mmmofoﬁﬂhe o;@daldmcﬁmnmtlon as a

nonodentate |igand. Figures 1C and 1D show VFCcTMEDA and VFCTMPDA in
whi ch the diam ne portion is depicted as being 20 bound to the

netal | ocene portion as a bigg Ig:aféﬁ ?@gv‘qm‘{g HEllgRAqudgpl cts the

reaction equation for producin 16] Figure 3 1s a cyclic
vol t anmogram of Vi nyl ferrocene (VFc in the presence of TMEDA at

0750 w185 {011l g7l rkn il Mt heryoPrlfbidiged #ln lieBihestlo the

iyt he pr eé@!@@l@dOfde%fﬁ%rﬁtwﬁ@ﬂC@0h$laéréﬁlslrpfcdrﬁ0n(§t[dﬂ agich (e Swvi-limiting
\Oié] Figure 5 sho @_ﬁ;he WV-Visihle spectra of (a) VFc (b) VFCcTMEDA
and (c) VFcHPDRles 3minesrgnings; 'BI"I‘SWEI 1t he Mbssbauer spectra of

gECT'VEDA 30 [ Fi giififed Amngnﬁ? BIBhQHéwt BRa Hewd Lmtaf-so!ubte, high
cTMEDA and Fc IVPDA respective 21] Figure 8A and Figure
shows t he Fcpx:dat;glpeai[aiteg. e@TpYmad ,athg present invention, namely vmylferrocene
15 tetramethy[ethylened1amme (hereinafter referred to as VFCTMEDA') and
vinylferrocene ietramethylpropylenediamine (hereinafier referred 1o as
VFCTMPDA). In these figures, the diamine portion is depicted as being bound to
the metallocene portion as a monodentaie Iigaﬁd. Figures 1C and 1D show
VECTMEDA and VFGTMPDA in which the diamine portion is depicted as being
20  bound to the metallocene portion as a bidentate ligand.
[015] Figure 2 depicts the reaction equation for producing VFCTMEDA.
- [016] Figure 3 is a cyclic voliammogram of Vinylferrocene (VFc) in the
) presence of TMEDA atf concentrations of (g) 0 M (b) 0.050 M (¢) 0.10 M (d) 0.20
M and (g) 0.30 M. '
25 [017] - Figure 4 shows the cyclic vollammogram of VFCTMEDA in the
presence of TMEDA at concentrations of (a) 0 M and (b) 5mM.
[018] Figure 5 shows the UV-Visible spectra of (a) VFc (b) VFcTMEDA
and (c) VFGTMPDA., |
[019] Figure 6 shows the MOssbauer spectra of VFCTMEDA. ‘
30 [020] Figure 7A and 7B shows the mass spectrum of VFGTMEDA and
- VFcTMPDA respectively.

[021]  Figure 8A and Figure 8B shows the FT-IR spectrum of VECTMEDA




and VFcTMPDA respectively. [022] Figure 9A and Figure 9B show t he NWR
spectra of VFcTMEDA and VFcTMPDA respectively. [023] Figure 10
il1lustrates the DNA binding property of VFCTMEDA.  The 5 ratio of
VFCTMEDA to ethidium bronide (EB), from&he left to the right, is

0/1, 1/5, 1/2, 1/1-and 2/1. [024] Figure 11 shows the cyclic

vol t ammogr b f 5.0 mM TMEDA in the presence of

VFc TMEDA a?dﬁc%ggezwg%{ é%}éc?()?g) O M(b) 0.50 nM PBS is present in
bot h sanpl es. [0R8] cydfigurev8AtantniFiggrendB fahiowFed MR spbotrarofRESTINMEDA and

- shown in ( Fi 2 shovvs the cyclic vol tammogram for the
oxi dat i on EQF%-}'@%;JAW% pliyel. (b) CZHSNHZ and (c) CH3 NH C2HS,

all in PBS ang oea] t heFlEﬂ@¢qu8?faté§ﬁé\/m36m§m@0ﬁ%@ﬁ'§%ﬁ VFGWEMS The

mM [026] Flg S/lSs the cyclic voltamogra

cand 1 b) el of t&ITMEQAdsaﬁjlalﬁmﬂbmmm (@B}airoméhermﬁhe mzs 0/1 1/5,
DETAI LED DE3&R FT 1027] I'n one aspect, the present invention is
based on- I:)'Itglhe s/ﬁréprﬁ\%lf ng finding that stable high oxidation state

met al | ocene cdfgélindFigur gbtﬂ‘lomdoﬁ'fa cyddicf Uoltaﬂnmhdgraﬁ‘t fdri e @Mdaﬂon of 5.0
reacting a ne. W th tert s ipn the sence
oxidi 51 oo AJELTMEEEE ﬂrhg‘%ﬁéqsenﬁﬁéﬁt%:% tpﬁne@risatpqqsyof & g ) 0.50

oxi dation mMMVAPBIE atéHRNA HOMTRAHRISS fic VeRahinio (ﬂb\{échMEDA
i_nvention thus provi des a rretho for obtaining stable

The present
hi gh &édat’ngﬁ%tsa‘f@%ﬂh@ocenes that can be carried out, stored

d d nbi ' .
vent i on al s0Paebyi dagures b2 ok e CybiECeRRbdtap %, Rrgihton of 5.0
proper ti es NoMeaf (@ahHe (B)aCsitdihdrich (AXGH,-AiHH0,Elat albinsPBE02E] infheqaresence

ar e conpl ot NP B A condPuERBBAY S sl on ana 2 diamne

portion. 30 [qm] I'n Hngmermsahba@eme léixﬂﬂtarMnbg)r@ﬂ.\z% SFRFPETMPDA and

transi m_ G ou s 4 to | UPAC, 199 M can be present
in thelt% %IC@{ l?rc”ﬂga &FFOEWD%r&ntﬁ’rﬁfﬁar ged speci es.
Preferred transition netals are A

DETAILED DESCRIPTION

[027] In one aspect, the present invention is based on-the surprising
finding that stable high oxidation state metallocene compounds are obtainable

20  forihe first time by reacting a metallocene with tertiary amines in the presence
of an oxidising agent. In the past, due to problems in stability, high oxidation
state metallocene compounds were not readily available. The present invention
thus provides a method for obtaining stable high oxidation state metallocenes
that can be carried out, stored and used even at ambient conditions.

25  Accordingly, the present invention also provides new metallocene compounds
with useful properties that can be harnessed in many applications. )

[028]  As can be taken from formula (I}, the compounds of the present
invention are complexes comprising a metallocene portion and a diamine
portion.

30 [029] In the meiallocene portion, M is any suitable fransition metal from
Groups 4 to 10 (IUPAC, 1990). M can be present in the compound either as a
charged cation or an uncharged species. Preferred transition metals are
selected from Fe, Co, Ni, Mn, Cr, Zr, Ti, Vn, Os and Ru. Accordingly, the

o



selected fromFe, Co, Ni, M, C, Zr, Ti, Vn, G and Ru. Accordingly,
the 7 netall ocene portion of the compound of formula (lI) can be
derived from for exanple, ferrocene, cgbaltocene ni ckel ocene,
manganocene, chronbcene, zirconocene, t anocene, vanadocene,
osrnocene and rut henocene. The partially filled dor f shells in

these netal %éﬁ&h@céﬁe B@P{ﬁjrpbﬁtﬁé%oﬁﬁo@lhb%%ﬁ%tﬂé’ (B G3h B dbAYE $x‘o‘% efor

oxi dati on states, thus the a to formcoordi nate bonds w't
suitable Ii @%ﬁa@lepé@mw&ﬂ%rcqueétgpea@,l gickelpesing, onaRgeaPsehg.e Chfﬂﬁ%@c‘?ﬂe

that are ai ti o) S
as to form %ggrh %% Véﬁhr@?&gﬁ@ sw %m‘kﬁ"‘#&%ﬁé 1:?03"&%‘%1005?9 Phe
i gandsht ?gtpam@lycﬁﬁtadda{ nmatfishellsy lrbt#MednetaIMag@ e ostﬂaleﬁoap'lemlmmenes io
are eac a on enta n er e referre

)3 ERbRi P ernfel SRR, StheS s LR sbiss SBME ot o CORgl e hncs

def ined in Wrﬂ‘dhﬁalﬁlé)lagaﬁﬁsCPQH%I&]W&@E@@%&?&S@H‘B& mé&tald Bfs 'ihdﬁ!a that are

carbon atomto which I's attached i s unsubstituted) or an al kyl
group conpgEblg Kyatiainexidationstates of «darBondat 6. +REORY iy éorrhogordinative

strai ght chgj and each Ra may al so be optionally .
substi t ut ed%"@@géﬂz %&B&Bﬁg%%i%tutions of Ra are aromatic groups

such as phenyl [a80} bevhd twoNﬁQandﬂHhat awgoorfﬂmggve!yl?bmd@d adJkM in the
group, - ac ring can

or two i s §r%8ﬁ%§)aﬁ?daw %Ngioegnﬁ%weaylormﬂh Teferred to
rr**ag- For exanphe, E4bRCH ARG chRiafidPsld duitudrits I &RIR, 1 N each Cp

ri-dd, it 20 may Be present at either the a or thé posftion with. .
respect to thel[Q3bkti tAredefindsl in formste (léntaamehe a Rgdiogepr atoen(i.etthe ring
the a posit t IS t

ring. In thlchber{ge%Bhpg{? Qﬁ’\?}cﬁ rﬁd‘n’p%é)ué\aé}g‘fed hsa Ul?\‘%/lgb% on bF t’arﬁ]r?dalﬁyl group
struct ure acooratisig tl dof® mmaih halnArarbdh Rpmis. 'R, myEbe«I-thtzss@aigl"m chained or

3&: mg&f%g O%arll%heﬁb angleaclﬁ*% RR m%ry}daso kbe:veo;:trtriloenaﬁfﬁ‘; ubsd Pdtggs @amples of .

substitutions of R, are aromatic groups such as phenyl and benzyl, -NO,, -NH,, -
NHR, wherein R is an alkyl group, -COQOH, ~CN, -OH, -SO,H, or halogen. Each
Cp ring can have one or two R, substiiuents bonded to any ring carbon atom on
the Cp ring. For example, where one R, substituent is present in each Cp ring, it
20 ¢ may be present at either the « or the B position with respect to the substituent R,,.
In one embodiment, R, is present at the o position, meaning that the Cpring isa
1,2-disubstituted ring. In this embodiment, the compound of the invention has the

\,D structure according to formuia (I1A):
My
25
R Fr Ts [1
M ——— N——(‘D%—
/ | M %
"Fp R R
30 o

wherein M, R,, Ry, Ry, Ry, Rs and R, have the same meanings as defined above.
[032] In another embodiment in which one R, substituent is present in



[032] In another enbodi nent in which one Ra substituent is present in
B each Cpring, Rais present at the (3 position, neaning that each
Coring is a 1,3- disubstituted ring. In this enbodinent, the
conpound of the invention has the struture according to fornula
(IB): 5 Ro MN{4 10 Ro wherein M Ra, Rb, Rl, R2, R3 and R4 have

" the sane [ : eL.i bav, I n I t
are prescrrlh Sap s FuialPree ey BOSTpJeRfng, iR esah T rbdg e T
with res petraa.lbtsmmt’ed ﬂn@stn ﬁhlsrémﬁbdrm&ﬁutﬁe gompauadloRiife invention has the
trisubstityted tern )/Be) one Ra substituent is |ocated

at the a ﬁﬁk!?tv.ré@oferalﬁa tpﬁ@rrg Ra substituent is located at the 3
position with respect to the substituent Rb, resulting in a
1,2,4-trisubstituted Cp ring. 1,2, 3-tqisubstituted and

1,3, 4-brisubstituted Cp rings piprfes can al so be used in the
compound of the inventi om—{87 e squstr ue Rb is a hydrogen
atomor a vinyl side group ha 20th d (I1): HH -CCRo
This vinyl radical may be substituyed s b ,(gtuted at the side
group RO. Both cis and tr rs of t Ln I group with respect
to the netall ocene and R in the conpound of
formula (1). Alternatively, Rb 30 have the structure accordi ng
toforL(r]ruIa(I lA): Rc - i -C=CH2 Rc-35 or the formula (I IB): 9

- wherein M, R,, R,, R,, R,, R, and R, have the same meanings as defined above.
[033] in case two R, substituents are present, each R, substituent may be
present at the o position with respect o the subsiiiuent Ry, resuliing in a 1,2,5-
trisubstituted Cp ring. Altematively, one R, substituent is located at the a position
15 and the other R, substituent is located at the B position with respect to the
substituent R;, resuliing in a 1,2,4-risubstituted Cp ring. 1,2,3-trisubstituied and
1,3,4—trisubstituted Cp rings moieties can also be used in the compound of the
invention.
[634] The substituent R, is a hydrogen atom ora vrnyl side group having
20 the forrnula (15):

This vinyl radical may be substituted or unsubstituted at the side group R.. Both
cis and irans isomers of the vinyl group with respect to the metallocene and R,
moieties may be present in the compound of formula ([). A!ternatrvely, R, can
30 have the structure according to formula (HA):
Ro

)
ju ol op

35 orthe Tormula (11B):

P



lclc -GCCGCCHR2 I | HRe Re 5 Rc is either a hydrogen atom or a Cl
to C6 al kyl group, each of which may be optionally substituted.

[035] In one enbodiment, the noieties Ra and Re as defined in fornula
(I') are each independently selected frofhthe group consisting of
hydrogen atom 10 methyl, ethyl, propyl, iso-propyl, butyl, n-butyl,
tert-butyl, pentyl, n-pentyl, iso pentyl, n-hexyl, iso-hexyl. The
hydrogen atons of each carbon atom of al Ryl Ryroups can be optionally
substituted. Each of these al kyl substitygents can be of ° any suitable
structure, including straight chained.or Straqf ures. [ 036]
Each Ra present in the conpound of fornuHa (1) is4independently 15
selected. This neans that a Cp ring in the canpound can have, for
exanple, 2 different Ra. In addition, RB:of Feach ring are al so

i ndepenfilently selected. This nmeans that Ra and Rb of one ring can be
the same asg, ot _different fromthe Ra of, another ri.ng.in.
formita (1 T ¥erbof RAMBEER M, 57 & Core 56 Aol Bt edntbir Whish, ey be
the substi peirali¢fsubagipsder ring, this neans that one ring can be,
for 20 exanple, a vinyl cyclopentadiene while the other ring can _be

an unsubst i t ut 5] cyclrope@eshaetiment, fve MeHes Fa angyRaas dedaed in formula (1)
d 1. yi = f o \

Cdent i cal - Apebrelandeetiifty, SecBiB o'ty Bohclsihats, AiBgen atom,
the coipoumiisysethmbt piapl, isoepropyhrinligl, h-huivbi wri-ityy, pentybcepentys iso-
037] Inth text of .th t,l ti t | 1 bst,it ut
"t BRSO S L BaRYE R AR, ynd 500 BBkt o
thereto ar grolipl @seBe BpiRnalP subBhitidRdEaM 6f HdsehalRgl siivdtitnents can be of
restricted to aromatic residues _such as phenyl, ”aEhér? |, benzyl,

-NOR, - NH2 2nynpiritaita siiugtuge; inchiding rijaigh shgined Strugiyres.

brom ne. 11 dortagland Eadie T OR]  Shecs Tl o B o g LBl (e indShendenty
that cah beel@eigd: dhis owans ted a Cp ring in the compound can have, for example, 2
differeni R,. In addition, R, of each ring are also independently selected. This

means that R, and R, of one ring can be the same as or different from the R, and

R, of another ring in formuia (I). Where the substituents of one ring are different

fromn the subsiituents of the other ring, this means that one ring can be, for

20 example, a vinyl cyclopentiadiene while the other ring can be an unsubstituted
cyclopentadiene, thus being an asymmetrical compound 1-vinyl-metaliocene for

example. Where both rings have identical substituents, e.g. both rings are vinyl-

T,

)

cyclopentadiene, ihe compound s symmetrical, for example  1,1-bis-
vinylferrocene.

25 [037] In the coniext of the present invention, optionally substiiuted carbon
atoms refer to carbon atoms wherein hydrogen atoms bonded thereto are
replaced by one or more radicals, such as, but not restricted to aromatic residues

“such as phenyl, naphthyl, benzyl, -NO,, -NH,, -NHR wherein R is an alkyl group,
-COOH, -CN, -OH, -80O,H, or halogen. Halogen as used herein refers to chiorine,

- 30 bromine, fluorine and iodine. '

I [038] Specific examples of meta!loc’énes that can be used to produce the

compound of the present invention include, but are not limited fo:



conpound of the present invention include, but are not limted to: 10
Ferrocene or ferrocene derivatives such as nethylferrocene,
et hyl ferrocene, propylferrocene, butylferrocene, tert-butylferrocene,
1,1'- dimethylferrocene, 1,1 '-diethylf#rrocene,
1,1 -di propyl ferrocene, vinylferrocene, 3- nethylvinylferrocene,
3-ethylvinyl ferxrocene, 3, nmet hyl -vi nyl ferrocen

o1, fermapars

3'-di , 3,3 -5
di et hyl - vi nyl f rf'BEERE orCf1, %é i n9¢ f@‘ﬂ%ﬁené’:“gtobéa? t JoetRylgrocene,

cobal t ocenghgdriotney es @?@l\‘eﬁ‘é}céné,' - Buiptdndceplal tReehdytfarrocene, 1,1'-
1,1 -diet t&l gobal toceneF,) ' - bis(1- rretlﬁ?;l _Er opyl ) cobal t ocene,
I

1, 1' - bi s( dimgEndieriocaye) tdbalietbrigieocananyl, tsbpiopyenecens, vinylferrocens, 3-
3- et hyl vi Y i - vat ,
oo ety LSRR RORRES, SO BB Eats. PR R e -
1, 1' - dBnetdigihyl-cikglfacerene or nyl'Biskiivifesneener

3- et hyl vi nyl ni ¢ckel,ocene; Chr,onbcene or. chronocene dey,i yati 'es h
21 174 but v G RGRaRer CASAOCENE BTN EINS TG Ry el TMBEIY BrBELAReNe,
1, 1" -di et hyj CliegiypsdRtoceNany | cw,qm%?nﬁqaﬁyléad@g)eﬁga@daﬁeehr OMyCLNRs(1 -

15 Zirconocene or zirconocene derivatives suc et hyl zi rconocene,
1, 1' - di etAginyieibyinsbeliecenenyinyicobalioraneond-methylvinylcobaltocene;

as e by 111 and TERADEGHE! of FRACHTRATR, HesbiehBE0GRich RS IRV Sre,
vi nyl 10t amigniekeiocdnee phyphyinickelnoene, 1,Vadiadtegniekelbcensadipngniekelocene

derivatives iuc S, 11 1'k- Pi net hyl vanadocene, 20
1, 1' - di et RNIGARHIOEBKDICKPIGEERNG hut yI vanadocene, vi nyl vanadocene or 3-

met hyl vi nyl vanasigegibcene 68 BRESHScSe ARADSRRS S86H ¥at1, YedibilABhASmocene,
1,1'-d|neth¥qunncene, vi nyl osnocene or 3-nethyl vinyl osnocene; or r

=~ Rut herlot his(lot -dimefariotiadehaamnpoaneves such as 1,11 -gigthylchromocene,
di net hyl r%m&;}gﬁgﬁe éiﬁﬁ-?ﬁ%’iﬂﬁﬂﬁﬁﬁl’&ﬁr&ﬁo st hyl vi nyl rut henocene.
oP tio ’

1039] The caonpoun the 1nve can adopt’ any possible three
di mendbonal st rdionpeendiar stifcanoceserderaiivaaisuches ngihyzirdonaeendyl,1'-

exampl o, P 8oaRR, T i oo b S by MY BlshHeBRL L o or

in an eclipsed Tanbcgoeatéroritanocdrie derivatives such as methyliitanocene, 1,1'-

dimethyltitanocene, dibutyl-titanocene, vinyliitanocene or 3-methyltitanocene;
Vanadocene or vanadocene derivatives such as 1,1 ‘-dimethylvanadocéne,
20 1,1-diethylvanadocene, 1,1’-dibulylvanadocene, vinylvanadocene or 3-
methylvinylvanadocene; _
Osmocene or osmocene derivatives such as 1,1’-dimethylosmocene,
vinylosmocene or 3-methylvinylosmocene; or
Ruthenocene or ruthenccene  derivatives  such as  1,1-
25  dimethylruthenocene, vinylruthenocene or 3-methylvinylruthenocene.

[039] The compound of the invention can adopt any possible three
dimensional structure. First, it is noted that the complex formed by the Cp ligands
can assume a variefy of rotational orientations. For example, the rings can be
arranged in a staggered configuration or in an eclipsed configuration. In the

30 eclipsed configuration, each carbon atoms in one ring lies on the same axis as
each of the carbon atoms in the other ring. In the staggered configuration, each
of the carbon atoms in the lie on a different axis from the carbon atoms in the



30 eclipsed configuration, each carbon atons in one ring lies on the
same axis as each of the carbon atons in the other ring: In the

st aggered configuration, each of the carbon atons in the lie on a
different axis fromthe carbon atons in Yhe 11 other ring. One or

both rotational configurations of the conmpound may be present in any
sanpl e” of I ool W rPffg;% SR, ' '

can have ?g?fgﬁ%ﬁ?ﬁgp régﬂhthﬁég@%loccoen {)ortlo‘?\%ﬁ t gdgﬁg?ﬁﬁlﬁsem
is formed iDénysaMplaafthe companihd. dhddiNoadiiy,tha sompegndad the irvention can

angi e i s 102 RLArabt e Rl ahetiooars PO EONRRRCNR: BgblSidn Jormed
obt ai ned. HefWween ahaftiwguligendererthyMbebquie 80 daghedd) the sasRilec@ie Pation is
eac

conmpound of,_the jnyventjon. However, the quantities of h

Cont s gupat ISFAGEG. ¥ Glsopsls e ihe il 4 kersined 1375 08gegascsuch hat a
effect pre digf di@sm L O [

be. seen 1 r o loronuieiBntls) bEESTEd Il PG aNgn v, 8 BrefBnE TR any
_portion, Sampleobidthéeompoundpo€sthe dvénticrheHaivever, ihiee gudhntiiesneot each
portion _ . ... has structural .accordin a f.or.mul LV):
D3 3 eprguisomay B draHC foteaRES duich e 13 S8fifgrBatinyesented
The di am néyphetdifsreatgigftdhagbitiorespri ses two termnal tertiary

am no géoups. [OREL and R2 in the diam ne of formula

_ A (1V) are each,
i ndepehtent | y,[04@h t Ascermbryaesyr Hiops fonada Oalb s coprdinativelwihendeddp the

TR, OB Bl o A Ll et 8 40 b, SRgRAEREporon.

are each i haspeaieciural asedrdingio Rymulard\he group consisting of -
met hyl, ethyl, n-propyl, iso-propyl, butyl, n-butyl, tert- butyl,
pentyl, n-pentyi, iso-pentyl, n-hexyl, iso-hexyl. [042] In the
conpound of the invention, nis ant nt eg% ofr or 3, neaning that

t he caigon chain in the diam ne of |formu| a\(l is either a 2 carbon
or 3 rbon chain. The substituenNs_é@.u.a_R are each independently
selected from30 Hor ClL to C6 al kyl. _V\hFr.nR(T and R4 are al kyl

groups, they may be optionally .
Ro Rs Re

wherein n'is the integer 2 or 3.
-20 [041] The diamine portion accordingly comprises two terminal terfiary
amino groups. R, and R, in the diamine of formula (IV) are each, independently,
C1 to C6 alkyl groups. Each carbon in the alkyl group may be optionally
substituted;, and the alkyl group may be straight chained or branched. In
presently preferred embodiments, R, and R,; are each independently selected
25 from the group consisting of methyl, ethyl, n—p.ropyl, iso-propyi,. butyl, n-butyl, teri-
butyl, pentyl, n-pentyl, iso-pentyl, n-hexyl, iso-hexyl. _
[042] In the compound of the invention, n is an integer of 2 or 3, meaning
that the carbon chain in the diamine of formula (IV) is either a 2 carbon or 3
carbon chain. The substituents R; and R, are each independently selected from
30 H or C1 1o C6 alkyl. Where R; and R, are alkyl groups, they may be optionally .
substituted with one or more residues as defined above. They may be straight
chained or branched. In other presently preferred embodiments, R, and R, are

T

»)



substituted with one or nore residues as defined above. They may be
straight chained or branched. In other presently preferred

enbodi nents, R and R4 are 12 each independently selected from
hydrogen, nethyl, ethyl, propyl, iso-pri@pyl, butyl, n-butyl,
tert-butyl, pentyl, n-pentyl, iso-pentyl, n-hexyl, iso- hexyl [043]
Specific exagp m_nes e SU|tabIe a

e on 11 wﬁﬁaewe}n’fﬁfné?*&aﬁ%mﬁ oS, 151, BB Sso-propyt,

t et ramet hyduig; ﬂ@u'f&l'tert‘fb&?rlhpséﬁmm pang, isbasermpl Alexgi,nyb-paggl am ne,
N, N - di et hyl N -di neth I'enedi am ne

N, N - di r net hﬁpéﬂ N -SResiTiG, eXaTReE g ﬁéamme@nw@w&hﬁﬁswtable as the diamine

tetrapro

NN Si ngt orﬁérﬂyh ?Dé'ﬁipro @I et%yFene jare eI"IO't limited to: teframethyl-1-msthyl-
t et ranbt h;ﬂthydenwamrrmjl am Maetl'ajﬂ eﬁmyleyxled%mleyl privpiHdiztbdi NN dimethyl-
N, N -dieth di met hyl - ) ned am

NN -+ s PUBRaRIES Gl e nyt N STRGHRTOL o methghaiviopesiamine.

Wi shing t qefraplepypethenbh@iitte, it is lNaNr @wﬁé&hyhﬂtN'tdﬂgrépwethﬂeaéuamlne
bonded to M may act as a nono- dent at e I|g i n whi ch onl y onhe of the

nitrogen debameHvrRieRylenasiaming Tﬁ’ﬁf@ﬁfh%ﬁﬁi@dtﬂfﬁﬁﬂeﬂ@dlﬁmlmﬁf\f N ~dlethyl-
di nat th N o (o
which ¢ ne Ahp St oMBEnERRMin!, LMol | oM RIHESRIRRLNL- dirgtnvi-1,3-

sake dff clpropanedifuyineay of exanple: M--N 20 Alter nativel y, for

i nst ance, el l.ent . nucl.ei c |d i,n Iat| perti

of the corrpoﬁﬁ%]@hof Wﬁm"n‘%‘-‘m%ﬂ IQ? I’?Hff\'ﬂ fj Onfh @gl equd f’%ﬁt Eje
al so  contdamiret isshddiipto Mhhay dict a81=h onomd-abkidis ligandad Mcm/baﬁ/ @he of the
bi -dentate . ligand, Wen actln as_ a bidentate ligand, both nifrogen

atoms of tW&CYakbatAPFHTIRRAICER Minef W@%ﬂ@@tf@ﬂ%é@ HOEB A FPRIGinatg bond
f el
pair of elgpi mﬁh@w 8 ﬂneeﬁ;&u%wlhqﬁhﬁtrmﬁiacgﬁb@ Diich t@@ﬁ@stﬁéeﬁ%é Tp

the fol low ng for tituents of
noi et §Sar eN@GEY FBJVH sh@wntfﬁéﬂ*@weo@f@laiﬁy}tw way wa@fampléxarrpl e: 30 M
N 13

20
Alternatively, for instance, from the excellent nucleic acid intercalating properiies
of the compounds of the invention, as shown later, the possibility is also
contemplated that this di-amino molety is bonded to M as a bi-deniaie ligand.
When acting as a bidentate ligand, both nitrogen atoms of the two terminal amino
25  groups should each contribute a pauir of electrons to M to establish two coordinate
bonds as shown in the following formula (V1) (in which the substituents of the Cp
~moiety are not shown for the sake of clarity) by way of example: '

==

)

o



Therefore, the arrow used for the representation of the coordination
of the diamne conmpound in formula (1) should not be construed to be
limted to a 5 specific coordination or stereochemstry but nerely to
illustrate that the amine is non-covalthtly bonded to the netal M
[045] In one enbodi ment, the overall charge of the conpound of
formula (I) is p05|t|ve Dependi ng on the oxidation state of M M as
such can be uncharged or positively charged. Were the oxidation
state of M bal ances the 10 nunber of l|igands attached to it, Mis
unchar ged. _However, it is pOSSIb|e for exanple, b% vary
I

t enper at ur & 'EIEIORR Hiesamve Use aiprothed.r@wrﬁgeva@mn then cog?dmatlon of the
preparati Oy EBnibe ﬂfi ina orMu‘i@'ﬂl})]%o‘RﬂH ﬁiioﬁi:enget Eolﬁs’trlhéﬁ‘% Bg'lﬂﬁfelhoog) a
ac

state that 1s nunerica | ar ger t'han the nunbér o ands att
toit. Bn tspesiﬁcaimrdwatm brsmepolsemlsu“glb,utmggdo lllmstrﬁtaethat thehamine is

a neutral orrpoun e sitive 1 arge can be neutralised by the
presence o 0 6?91\‘[83‘?”’[[3’3?@{%{)% té?én%@@gtlvely charged. The

~counter-ion cqoz;sf prlﬁWn@eé!ndyam@wttth@ &bé'?élh&&fla?géfoﬂthé (ﬁfﬁﬁ%@lﬁ&j@f formula
resulting in a salt of a conpound formula (1) . Exanples of

count er-i o8 tsh@OsHive. Dﬁnemmga qrhtmer@mdﬂi@m i giAate | WieMb@@2 sucky can be

o oo 2Rl o SiSigelHermelihindio thy RSFB RIS Uik, Bidies e

transi flDon nuettzer of lgdrelsGatiagsed: to d, m iaurmbhtEnged. iHowéeennid & pb;ﬁsb@m for

Comound_ of ERPrREHeETy PRe frepSleidts diihe @ rEspcetet an AicRing ity

are prefem thpaaatmsre procyRedusipeat M hepehaRs ARG © SORRBL bxﬂfa@i@n state
and have 25 been studied in detail and are thus well characterised

In a pref eth@dS &rFRTIGREV IarasF handhe Auearaif igandsaiaghest wné Ipahisi Gase, M
- conprises gif §id %@fﬂi@ex nd:l‘r‘éﬂﬁb@“ﬁﬁ‘%r@ér B&%gelet%cﬁ@atral Bofn éc%{fﬁd‘ethe positive

enbodi nment, a rrng atomin t rrocene nic ocene or
cobal téﬁen@hasg% @astbe aeirabisech byithe| prgsengs mfea@mmi@rﬂm thaieare negatively

met al | ocen Dyl

cobal toceng, des%j (rarghsép;éa%"ﬁ %g/ljeﬁ% éﬁé‘%?ﬁﬁ?\ %d’ngﬂyi en'?% g‘?@?%ﬁfﬂ%%hpound‘

enbodi ment reswitng dmpsalidf of cmmpoummvﬁﬁmtrnnula ﬂ)as Exastplies ol ceustecdord gt are

to formila MUk inlthe invention include SO2, CF, Br, NO;H,PO;, HSO, ,PF;, CIO;,
BF,, F, I, COZ2, HCOy, NO;, BrOg, CIOy, Si0.%, CrOf, 10,,, 807, H80, and -

20  AsO.2.
[046] Whilst any transition metal of the Groups 4 to 10 as defined in
mD formula () can be used as the transition metal in the metallocene portion of the

compound of the invention, Fe, Co, Ni, M, Cr, Zr, Ti, Vn, Os and Ru are
preferred, as mentioned above. These metails are commonly used and have
25 been studied in detaii and are thus well characterised. In a preferred embodiment
of the invention, the metallocene portion corﬁprises a ferrocene, nickelocene or
cobaliocene. In a further embodiment, a Cp ring carbon atom in the ferrocene,
. nickelocene or cobaltocene is substituted by a vinyl group, meaning that the
metallocene portion is a vinylferrocene, vinylnickelocene or vinyl cobaitocene,

30 respectively. ' ~

[047] In one presently preferred embodiment, the compound of ihe
invention has a structure according to formula (Vil):



HC-CH2 3 a H3CHz . 4 Fe+\ / \(McH3 51 Hz CH3 As shown in the
above formula, this enbodi nent conprises a vinylferrocene portion
and a tetranethyl et hyl enedi am ne portion. 10 [0481 I n anot her
presently preferred enbodi ment, the compound of the invention has a
structure according to formula ('Jill): HC=CH2 C C3 C 15 Fe+ \ / \
/ \NCH3 HZ IH3 IHa As shown in the above fornula, this enbodi nent
conprises a vinylferrocene ' porigemsand a tetranet hyl propyl enedi am ne
portion. 20 [049] Another aspect of the inventig n is directed to a

process for preparing a conp as deflned | Forml a (1) - The
process invol ves reacting al |y |ch orresponds to the
structure of the netall ocen 0 t|on ed conpound as
defined in fornmula (111), with a;dman; structure
corresgonding to the deS|red di no p rtIOHzOf the conpound as 25
defined in formula (IV). In esenty,] nvention, the reaction may

be typically carried out in t presence of an oxidi sing agent.

[ 050] One advantage of the process of the invention, which nmay be a
chemi cal synthesis or an el ectrochem cal synthesis as expl ai ned

bel ow, i s Ashahowint ircée la@ouarforradlaodhiseémbodmm cumpridese i vingidenrocene

t enper at ur e nd atnD her | essure (I st andar d condi tions"),
unl i ke preRﬂ P{}dlgn @@%@%’ %ﬂfﬁfﬁwe Q%ﬁ%nre cryogeni c
condi fpons, flo48Ex armla@notr@i Jirbs&lﬂ?,l priiefied émidearnshin the o unediche

reaction schene used, in order to_ speed up the reaction, it is
possi bl e {igvergion has a structure accordmg to formula (V1H):

HO=—cH,
HG gz ::“;2 _ |
5 F%AN/ N N\
. e
CHa Lrg

" As shown in the above formula, this embodiment comprises a vinylferrocene
portion and a tetramethylpropylenediamine potrtion. _
20 [049]  Anoiher aspect of the invention is directed to a process for
preparing a compound as defined in formula () .- The process involves reacting
a metallocene which corresponds to the structure of the metailocene portion of
the desired compound as defined in formula (lll), with a diamine that has a
structure corresponding to the desired diamino portion of the compound as
25 defined in formula (IV). In the present invention, the reaction may be typically
carried out in the presence of an oxidising agent."

[050] One advantage of the process of the invention, which may be a
chemical synthesis or an electrochemical synthesis as explained below, is that
it can be carfied out efficiently at ambient room temperature and atmospheric

30 pressure (i.e. “standard conditions”), unlike prewviously known processes which
' requiré cryogenic conditions, for example. On th e other hand, depending on the
exact reaction scheme used, in order to speed up the reaction, it is possible to

O



carry out the reaction at an el evated tenperature, for exanple, under
reflux if a chemcal synthesis is used. After the conpletion of the.
reaction, the product can be isolated fromthe reaction m xture by
any suitable neans, for exanple, it nel\ be precipitated in the
presence of a polar organi c solvent and 5 subsequently filtered and

dried. [051 I I d h

can'be - obPATNEHT LA OPE Al PR Gk neeP BB old BrtdpbT iRt Phar 2
synt hesi s chwem@:auagmmeemst hesdisafiof iR suinbtion owm@mtam ethectﬁoduct
cycl opent adi eni de derjvative as a starting nmateri

reacted wi PRANBRdSelAERCGHamHARIraAcRn Mbtis By a0y §HE@@I%"“93‘"‘3 -for example, it
PVC' opent aFIIayr‘ exa%pn%‘égﬁxg N Yne? 8?% dilckonrysc ”tp"i‘ﬂi ﬂ%etécﬂﬂéhﬁ'm

nmet al sol ution he hali salt
tr ansith onsubsequentb filterkteand drisddi um cycl opent adi eni de The

I t adi ep th th des
el ocene, T \aPEHIOCRRS dode s ane CabkB R Y er KVERRh san be
page. 803) obfalifsd ichhinestcrsy alrl SigtResised) ORe @ro@sibfﬁe ohémml syrthbsis route
meani ng net al | ocenes whi ch” have two different 8ands

al ter nat i vEMPIVES iBHIgEE® w’fabé%@wia@ergadnemﬂea@r aﬂa @en’ra@'éecra@e gerivative
di 1 er ent  aeye ARl bRl dSSaiffs FRRABH et ie!clBRheRPARHIdE! fdY fdth

obt ai ni ng suc asynr I cal ocenes is unsu st i'tuted
nret al | @2 ensodisima &gclapemaghemm eBubsequEmlyy rassnblutlon mwﬂialmgalthedaﬂsmon

By et onetal bl Bn xeeld 2 St o Bioadict Sat o e EAGS R, is

obt ai n bot hdaed oo @bdlbhﬂwdlbgbhtddneﬁﬂ@étrmut @,fbl@pémbhmmwsreants méth the
product m xt ure the forner

th t t |
met al | ocenBiah i redies éff'%od%"i%r% wéalm%/ewgﬁg aéﬁnﬁ?a @ﬁgggéd (5 nic
as distil bﬁfehﬁgtrfr g e ﬂi%té; cgaghyﬁuﬁﬁkaiéooq%%ﬁlo@énte@bIvﬂubiﬁ\ are

the present 25 ‘nvention ca t al ned descri bed
767, 298 en@sgmreBicab Ineaning resiafipeeney whizh have wao difigeant ea liggnds, can

obtain & MEhEHERGENCECBLMIRbATNG RladingSURBThOHE Y alled G0 Bikdtent

of the Cp rings em C SI'S rocédures that are
known froncyﬂepemtedreamdﬂaa ton Gxan‘ipﬁal JwetirihBor pesaibﬂitse of30ohiainingbsueh

Subst | 1 uenboRr g hGeiiiedcRisa8 3R] Pl fr PieRebBpd st sl
a met al | ocensterial. The unsubstituted metallocene can be reacted withh a swtable alkyl
20 - halide via Friedel Crafis alkylation (requiring the presence of a Brénsted_acid

e.g; HsPO,) to obtain both mono- or N,N'-dialkyl substituted metallocenes in the

. product mixiure, the former being the asymmetrical metallocene. Each

)

e metallocene can be separated with via any separation fechnique such as

(‘I'"-I

distillation or flash chromatography. Metallocenes suitable in the present

25 . invention can also be obtained as described in GB 767,298 and GB 896,391,
for example. _

[052] If it is desired to obtain a metallocene containing 2. or 3

substituents in one of both of the Cp rings, standard ch emical synthesis

_ procedures that are known from the literaiure can be followed. For example,

30 when R, is a vinyl group and it is desired to obtain a metallocene in which the

substituent R, is direcied o the o position with respect to R,, I .. a metallocene

having a 1,2-substituted Cp ring according to formula 1A, it is possible to follow



having a 1, 2-substituted Cp ring according to forrmula HA, it is
possible to follow 16 the synthesis route described in Organic
Letters 4 (2002) 707, Tetrahedron: Asymmetry 3 (1992) 753-758 or the
respective references cited therein, fog8 instance. Starting from

- metal |l ocene derivatives as described in these two references that
carry carhonyl- substituents, conpounds qf the present 5 invention may
be obt ai ngﬂe tﬁyng?ﬁﬁ[/%F‘?Li'tﬁngWé'%éﬁr'BoQ{@am@lﬁ@ﬁﬁ@w&l 2002) {04, alelrahedron:
doubl e bonyiymERY P dsods)oPs3 78St e 1 YesteRlivE XBifbhced RRedl BRILHE BF
ket one may "be ?Egct g_d %(\nz)th a phosphor anefd:orl al kf/%P ﬁaﬁ geego%?%r m’a
vi nyl grodpstanes.t Réartingt o metaiicoeme dedvaihesods adesonied ¥mniflese two

ubet i tuonE Pl ee dALcERlY [vbinfe PherBen PonBpaaE B 18hEoplgnt

i . e. aSmetimidmivaneapdd obtainst By suhséithytind d@monyldumsionatipdniooa C=C

formula 11B, it i ossible to follow the synthesis route descr.i bed
in O ganor@bugiq %59@5 ) mQ‘fb@@%yn@wm Hirait. Gor éaga%nthe@ieﬁhysi@sor(@@@
365-373 or I ' IS fQl: v At :

A ermat |y Be rEAALANARP . DhioHhoreie! i dliy Hlide S AP Bvinyl aroup via he
of conpouniiiigfeadiien; thesaly ohidizing regvioplemeiallvoend., Bit 43 Hesiredt dohEpinls

ring(s) a Ci . ' - Iyl -f.erro Startin
mator a1 - MBI Wy B RLBR et Al Rl E R REp S Bh it dospoct
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20 [053] Diamines that are suitable for use in the process may also be

obtained commercially or can be synthesised through known chemical

synthesis routes. For example, a two step process consisting ot diamination

and alkylation can be used. One example of a known diamination route is the

addition of two azido groups to a double bond by treatment with sodium azide

25 (NaNj) and iodosobenzene (PhlO) in acetic acid to form a prinmary diamine.

Another example of a diamination route is the dimerization of imines to give

secondary 1,2-diamines. Once the primary or secondary diamine has been -

formed, it can be converted intc the desired tertiary diamine having the
structure of formula (V) via a}kylation with an alkyl halide. (cf. March’'s

- 30 Advanced Organic Chemistry, 5" Edition, page 1056-1057).
[054] In one preferred embodiment, synthesis is carried out in the
presence of a polar organic solvent, as it has been found that the presence of a
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30 Advanced Organic Chem stry, 5t' Edition, page 1056-1057). [054] In
one preferred enbodi ment, synthesis is carried out in the presence
of a polar organic solvent, as it has been found that the presence of
a 17 polar organic solvent facilitated7the reaction. Exanples of

sui tabl e polar organic solvents which can be used include short or
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known cheni cal . oxi disi ng a nol ecul e or _conpound) may be used in

t he chem 6aluaéq&hm¢@%p§rmxy nelvess, ansramings. 15 (I) as Iong as it
provi des a S(L][bls El e hd 4k l{bob?nfh'ealpr?_ge@@ CIgl s%\;/-hh hiHdased

agents inclu ut are not mted to 25206,

d., HO , demibnis ormlle)ztromcﬂbpzldemm mawi“ietheNaaZIGMmi@a{dDMQWQ
I case of t.h f fenr ent

feByor od SATHS R 65 o SeniidaEAL oF BERPh R el HRER: fibyidgd by
suitabl e wclt@gslgwrgé fesgcd) to carry 20 out the reaction. Exanpl es of
persul fate saglts. include a ni um persul f at g, of @ssi um

and sodi um pip%] f at!B. Pf "G!ggi’nm‘?ﬁ%fyc rfipeRdRaly Rf9e8Y gli’rdfmolecule or
chem cal | Yoorgs@iH)9ha }/%é ﬂ@ed Jiﬁ th®!dnemibd Sfkeas Bf %ﬁﬁbﬂ&ds of formula
St oi chionmetric quantl i es of the reqU| red ‘netallocene are fi

di ssolled ()n 28 g &5 & @r@md@ﬁta guiablex @maé‘onap@@%ﬁ!alzﬁwa%l% c,of such

sol vent or t
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the sol vent, r oot QrRAdLi8%s f%ocene compounds, a presently preferred oxidising

agent comprises persulfate as it provides a suitable ox1d|smg strength to carry
20 out the reaction. Examples of persulfate salts include ammonium persulfate,
potassium persulfate and sodium persulfate.

[057] The compound can be synthesised chemically according fo the
KD folfowing general procedure. Stoichiomeiric quantities of the required
metallocene are first dissolved in a suitable solvent, for example, a polar
25 organic solvent or a aqueous mixture containing suck an organic solvent. Then,
a diamine according to formula (IV) is added to the solution. Alternatively, it is
also possible to first dissolve the diamine in the solvent prior fo adding the
required metallocene or iis derivative. Finally, the oxidising agent is added to
initiate the oxidation of the metallocene, thereby forming a compound of the

30 invention. | ' ,
[058] The length of time that is required for carrying out the reaction
may depend upon several factors, such as iemperature, the quaniity of



required netal l ocene or its derivative. Finally, the oxidising agent
Is added to initiate the oxidation of the netall ocene, thereby
form ng a conpound of the 30 invention. (058] The length of tine
that is required for carrying out the Yeaction nay depend upon
several factors, such as tenperature, the quantity of 18 reactants

added to e C tu C | |5,
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enbodi ment’;” ‘once the conpoun the inventionis 15 forned, it mag
be pr#@i piclereds thahipeaipied tathe goaijeatolanbafle yoiags S%rcsg@ww type

ceotone 5 kPl GuRSaR <SHEOME Rl B gt S5af BeDRIGRORERD, SHECIO?
irectly tan dt@bumammmmmeﬁ@ﬁnempmoepuate is@ prafeirgdt atlppmthelentmimetln

’AIternatlveI\é s al.so possible to add the reaction m xture -
dr opwi se e FﬁeS BRENEHIPRt i ng agent. 20 [061] A further aspect of the

invention isj 660§Ct‘hﬁ1 drie tdigboginfersf onte tepmeewpuliref Obrihal mv(eh’blonll‘s
has been found that the conpounds of the _inventio can be aied i n

wi despé eadomapmdt H1awbe PsedPiEMi B A Ptﬁ%prgatea ggent,, I e REGGR}ENg agent
medi cal C%ﬁn&ﬁégf%ﬁﬂ?@é I;ﬁﬁéraérééh& éd?vétﬁ'ééﬂéébﬁb@@%@dre etfhhtéeacetone

oxi dative synt anic materials, as tool in nolec

bi ol ogy r esewetndebyds. Thfepfﬂ%?ﬁi@igsagﬁmtqa@a[?%ﬁﬂeéfd wee@atfég‘% [RaFtQR
cancer or a0 bYiRCodkr t'"Récipitate the product. Attematively, it is also possible to

add the reaction mixiure dropwise to the precipitating agent.

20 fos1] A further aspect of the invention is directed {o the uses of ihe
compound of formula (). It has been found that the compounds of the
inventions can be used in a widespread range of various applications such as
biosensing and medical care devices, as catalysts in pollution conirol, in the
oxidative synthesis of organic materials, as tool in molecular biology research

25 orthe diagnosis or treatment of diseases such as cancer Or any type of tumor.

- [062] Amongst the various compounds of the present invention, the
ferrocene derivatives have particularly advantageous characteristics thai can
be harnessad for use in biochemical and catalytic applicaations. Advantageous
properties of ferrocene derivatives which make them suitable for these

30 applications include their water solubility, cationic, siability under ambient
conditions, and a redox potential of 200 to 600 mV relative to an Ag/AgC
lectrode. Metallocenes have important applications in diverse applications



[[062] Anpbngst the various conpounds of the present invention, the
ferrocene derivatives have particularly advantageous characteristics
that can be harnessed for use in biochem cal and catal ytic
applications. Advantageous properties B8 ferrocene derivatives which
make then sui tabl e for these 30 applications include their water

"edox pot citEhl o1 oudhBRsob i teRliefCe Eos ) sty Bhged o Foflgeenes,
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Fer r ocenes,2S BP! &’R'@?’Bc‘%@é@@n IQS9P8INGe HETHOLOPI l%ﬁr\éﬁalg‘r and Rringar
non-1i1near optics, diodes, thin

in appli Catdg%ﬂé ﬁH s, 1R ﬂﬂfﬂ ﬁf&h &ofs &ﬁd Alaraia drbigasensi ng,
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agent. As idgeus. tA@tuadtramdt iheheweRrimss beloavsssicinaellatbmss Bﬂhlbwebocbllent

excel | ent |ntercalat|n ability to nucleic acjd dupl exes.
possi bl e t HEErGHRE %VE@A”UW?@ agifatleriewps. hltt FRAHNE A th?‘%E once

base pairs \q:ttq*é\?% Pegb%ﬁké{mﬁth iHb INA Bg@l%b@thé rba?s@‘;%&?%bb@@ drid below

bri ng about ‘a el 1x, ther 1J prevent I&
associ a0i orit wilt rbtmhlg/mms:cstﬁmmmmmeglaimé a piiatortesh 6INAnkelhs dhaisly

S pnes: o AavabS: Aednaidy o i chbled| Sytho) S TR ulBlas®. Bt

the pur poseopdisbimerae ta@@t mmmerhgérmmesctaﬁpanmneﬁ iatt hedtiaie DNA
i nvention can, be admi ni s} ﬁ a,ny sal table r for

orally, iAePicANRBLdPY BeiRe 0S| ProtHi: %‘W@%Jﬁ g&#ﬂg}/ cell

of fe”oce%% rRRIERGYN ST HiRe Qﬁﬂﬁbﬁé of %uméﬁpftﬁe%ﬂnémtp%wd‘i@&ﬁ@@ ounds of
(2004) 823-829; FASEB Journal express article 10. 1096/f 5@38%%]3’

J. Medl15cndhe ﬂzmmwmsan pesgdninisiered Ryraansutalla peE, A@E &Xé

42-48; and . og‘gﬁbcgﬁpéaééﬁ'ggﬁﬁéoénﬂ%@mcﬁﬂr SOHRIY! &f ferrocene
Accor di ngly t e I nvéntl1on I's Tected to-a pharnmaceutical-

conposi t i orcompaLidsi ingganeahisuepprisd froPeitedion | 23s(2R6H) 828-82%eFASEB
L ner apeut | Suolf] Blorts Byt AR obARbenbl J2dkt! hdri. bBB2748Y §786-
5796; Inorganica Chimica Acta 306(2000) 42-48; and J. Organom. Chem.
20 ~ 418(1991)107-112, for example. Accordingly, the imvention is also directed io a
pharmagceutical composition containing a compound of formula (I}, as well as
- the therapeutic uses of such a compound. '
- [064] In addition io the above describeed biochemical application,
ferrocene compounds of the invention can also be used as catalysts. A
25 preferred use is the catalytic oxidation of amines. Catalytic oxidation of amines
is widely employed in waste water freaiment and the removal of volatile organic
compounds (VOCs), hazardous air pollutanis (HAPs) and odours from
industrial exhaust gas flows. Both applications are required in a large number
of industries. Ferrocene compounds of the invertion show catalytic activity
30 towards the oxidation of primary, secondary or tertiary amines. In the case of
VOC treatment, ferrocene compounds of the pressent invention can be used

fraditional two or three-stage odour scrubbing processes. For example,



ferrocene conpounds of the invention can also be used as catalysts. A
25 preferred use is the catalytic oxidation of amnes. Catalytic

oxi dation of amnes is wdely enployed in waste water treatnent and
th e renoval of volatile organic comgounds (VOCs), hazardous air

pol lutants (NAPS) and odours from industrial exhaust gas flows. Both

applications are red nalarge n er ndus Ferrocene
conpoundd TR GEASINGRoR DRaAVaattn Gor Deuiraehy (ichBlac Ranacsaesng
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and intermedi ate treatnment plants, and then subsequently
precipitated and renoved via sedinentation or filtration and then
recycl ed. EXAMPLES 10 [065] In tHeXAMBLE® ng synt hesi s exanpl es,

el ectrochem cal tests were performed with an Autolab

pot enti ost at/ gal vanostat runni ng under the general purpose

elhectlr()o?:hem mgs] syiat @ (dHBkig r@nﬂmis \@clampi@s 4el%}gt#bo¢\enueajt tesmgwere
t hr ee- el ect rode , stin an Ag/ AgCl 1 ef erence trode
pl at i num P& @eégﬂ’ﬁ &n %‘-‘E@ chP(ﬂ)g %F/Qﬁq [ nge 359 genera

el ect r odeyirpebé adectRichantital fyserd G@S)%n@ﬁ@i Qéi%ﬂohm YOA! sHRRINtibAal
experinments. Controlled-potential ~coulonetry and arative

cont rol'l dhrerelesirode calle consisijRg of vt é\gﬁ&%ﬁf@r@m@ & eiipgee RaplgERUM

el ectroc I
wes an_ astboseyniE cleciclfs 40U, RSl SRR ROITE irohile (SRR Seeste
1. 5x250 cAR. minfomaseakployesh@h wltrometie wpetsemiss Corirolisdepeienial
20 el ectr
ot or ence PR GBI o EE e Rl riskiBAFE Medd eibftymed ne
in the otter- charEbanpdalecﬂ:ocfEdaremar ocHlbmTdw wrimgasebea:ifodae hugbdd in the
oxi dat ONerb 5!?!31%%559 %%naessem rhlrvc%%'s,?/%hg St ihite g gold-coated silicon wafers of
1.5x2.0 cm? A non-leak Ag/AgCl electrode was used as the reference
20 electrode (Cypress Systems, Lawrence, KS8). The vwvorking and reference

electrodes were placed in one chamber and the counter was in the other.

Example 1: Electrochemical synthesis of a high oxiclation state ferrocene
derivative, VFCTMEDA
25 [0686] Sodium persulfate sait and vinylferrocene were purchased from
Sigma-Aldrich (St. Luis, MO, USA.). Teiramethylethylenediamine (TMEDA) was
obtained from Avocado Research Chemicals (Heysham, Lancashire, LA3 2XY
UK). The weak acid ion-exchange resin used in column chromaiographic
separation was Amberlite® IRC-50 (16-50 mesh, Sigma-Aldrich). All other
30 chemicals used were of certified analytical grade and all solutions were
prepared with deionized water.
[067] Inaiypical procedure, 20 ml of 0.10 M VFc and 0.50 M TMEDA in

AT
PRI
L

-



25 [066] Sodium persulfate sait and vinylferrocene were purchased
from Sigma-Aldrich (St. Luis, MO USA.). Tetranet hyl et hyl enedi am ne
(TMEDA) was obtained from Avocado Research Chem cal s (Heysham
Lancashire, LA3 2XY UK). The weak aci &% on- exchange resin used in
col um chr omat ogr aphi ¢ separati on was Anberlite(r) IRC-50 (16-50

anal yti cal SoPsht Soteufd Ot TRART SRR SERDERIEER S il aq e
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current ha ess val ue,
el ectrol yst&rwaatedorﬁejsoh@namf 11her slecibided Tdeutant weast eociapdmted under

al Fquot of e niguS A8 SR B0 SanL yetdr ieu=CREd; dnane’ Soliified

I nsol ubl e padi@is.ahsBBld Mozt v filtersA DS Thid! Hi@swas ageiddPia = M of
of 10 rapidly stirred acetone to precipitate the conpound. Prinmary

purifi é@ti aaplqysstlrméicaspnwtq PR apiae dhe dossrounch Pamane rurification was
t at b 0

Rt oor 48fe Dt finid Wb aRIDMa-WBekaht pahid HdSsDhE XdtiRound
resin usi ngaa Burther\pitiedaby tdoturahuemomatbgraphyt dvey ther é.mberhw% IRC-BO
nmoni tored el ectrochem call tart t he, el uent n 15,.
Vol t anmet - NERKATE GshEtes et okl o6 b 5o sr S i Rone 16 g
process \gpmce@eawagrrﬁdmtm?ﬁeei@@ﬂn@d:%/r@rﬁiéawl%taﬁiﬁ@ okbbiuvrettid elrerkvhen
curren ro re an Y co ar e

val ues? Théolﬁfumﬁm%é%s’f% b WeorRtoX a%tafala%p 0 éSsVo%ﬁﬁﬁﬁ@y’f@m RIOCEHS

and evapor abetoHifred %’ BebmPERIPWhen tRe K}éﬁémﬁ{étﬂ@ %)éak ARSI Y Bropped
chl oride was renoved through repetitive 20 washin an

acet one/ vvab)érmﬂi'@(mﬁ‘bsoﬂ‘%@spﬁ@mpﬁéﬁﬂ Ko e highest Héglaﬁag hen&fent was then
di ssol ved haypafedd WM & 534 2 HH %Iﬁﬂarﬁ)bﬁﬂ %‘0‘5\ Pgagéiﬁ” nd8r Teduced

acetone under stirring. The purl uct was under “vacuum
at 50C ovePrasghie 1o near dryness. Ammon[um chloride was removed through repetitive

20 - washing with an aceione/water mixiure. The purified solid obtained was then
dissolved in 5.0 ml water and precipitated by slowly adding 30 ml acetone
under stirring. The purified product was dried under vacuum at 50°C overnight.

Example 2: Chemical Synthesis of a_high oxidation_ state ferrocene
25 derivative VFcTMEDA

[068] ° The VFcTMEDA compound can also be chemically synthes;zed
as follows. Experimenial reagents were obtained as mentioned in Example 1

and iesis were carried out with experimental equipment as memntioned therein.
[069]  0.20 g of vinylferrocene and 0.60 g TBAPF; were dissolved in a
30 10 ml of acetone/water (3/1) mixture. Then 1.00-2.00 mi of TM EDA was added.
To initiate the oxidaiion of vinylferrocene, a 1.0 ml aliquot of 0.50 g/ml oxygen-
free persulfate solution was added to the reaction mixture after 10 min of




3 Exanple 2: Chem cal Synthesis of a high oxidation state ferrocene
25 derivative. VFcTMEDA [068] ' The VFcTMEDA conmpound can al so be
chem cally synthesized as follows. Experinental reagents were

obt ai ned as nentioned in Exanple 1 angatests were carried out with
experimental equipment as mentioned therein. [069] 0.20 g of

vinyl ferrocene and 0.60 g TBAPF6 were dissalved in a 30 10 of
acet one/ meﬁeé}xyggmql)ngnm%@ctl%éwxmr@w whuxed dor G m_@:ervmomwed\ﬁer
To initiat I n U &
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m xture af&tlerredlacefone 36 eciptisiexirgertanpound. Tiire pregipiicde was><waaehedamth

fluxed f er..nitro Aft 0 he reaction m xt
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and puri-fi Eda gqarrul ti ple water-dissolving acetone-precipitatin

cycles. 5 Gaipl abgue+ ThedpuriednBmcblst Wakiinan dip Hindes' v at 50°C
chr omat ogr S t _
i ed undorRAanEoA 9AEl VER, 20RKGed WAnB SiesLfif SPRESE, meh 4 Wl 40;
present s\aft%hesi s nmet hod was 40- 60% 10 Exanpl e 3: El ectrochem cal
synthesis of a high oxidation state ferrocene derivative,

VFc- Tet ranmet hyl propyl enedi ami'ne (TMPDA) [070] Persulfate salt and

vi nyl fler r ®effphe e E!ééi@'b@ﬁ@ﬁ\léél%%lﬁh@%?ngNéi hi g oxidtioh Wit e Merrocene

USA. ). Tetranethyl prop ened| am ne ( was Trom Avocado Research
Chem cal s dauxathia, i : medid 15 aci d
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aber 1 te(r) PRI 50“9?3“%%86”%45‘#15“%%@’%%9“ W‘BFB PR e ek igme-
used wer eﬂddﬂcﬁb@t |L1UIIEECMQn bISA.). d'atragmabgipmnylemeedlamw (‘EMEDAE) was from
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TBAPF@5as axippponigxechartectesil ywisedwirs €ohatin obiymeshicgtaphic! GegarBtiphdwas
Mass transhehtifes M50 felsh mblf, BiimhadEs; Al Yather R Eats used
were of certified analytical grade and all solutions were prepared with deionized
water.
[071]  In a typical procedure, 20 ml of 0.10 M VFc and 0.50 M TMPDA in
20  acetone containing 0.10 M TBAPF, as supporting elecirolyte was e Iecirolyzed
at 0.40 V. Rapid mass transpoit was sustained in the entire electrolysis period
through vigorous N, purging. To prevent from building up of product on the
elecirode surface due to its low solubility, leading fo electrode fouling and
passivation, the cell was placed in an ultrasonic bath. After the current had
25 dropped to less that 2% of the initial value, the electrolysis was con sidered as
ferminated. The solvent of the elecirolyzed solution was evaporated under
reduced pressure. An aliguot of 5.0 ml water was added to the solidified
residue. [nsoluble material was fitered off. The solute was added to a 50 ml of
rapidly stirred acetone fo precipitate the compound. Primary purification was

30 done by muiltiple water dissolving-acetone precipitating cycles. The compound

was further purified by column chromatography over the Amberlite® IRC-50

weak acid ion-exchange resin using a 5.0 mM HCI as the eluent. T he eluting

O



t hrough vigorous N2 purging. To prevent from buil ding up of product
on the electrode surface due to its low solubility, leading to

el ectrode fouling and passivation, the cell was placed in an
ultrasonic bath. After the current had 28 dropped to | ess that 2% of
the initial value, the el ectrolysis was considered as terninated.
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added to t hﬁ\ﬂfsﬁﬁcﬁeg%dﬂeﬁ Yolinitiate the oxidation of vinylierrocene, a 1.0 ml allquo’r

of 0.50 g/ml oxygen-free persuifate solution was added to the reaction mixiure

- 20 - after 10 min of deoxygenating. The reaction mixiure was refluxed for 6 h undler

nitrogen. After cooling, the reaction mixture was added drop-by—drop io a 200

mi of rapidly stirred acetone 1o precipitate the compound. The precipitaie was

washed with acetone and purified by multiple water-dissolving acetone-

precipf’raﬁng cycles. Furiher purification was carried out with the column

25  chromatography, as detailed above. The purified product was then dried under

vacuum at 50°C overnight. A typical yield achieved in the present synthersis
metihod was 40-60%.

- Example 5: Cyclic voltammogram analysis of VFCTMEDA and VEcTMPDA
30 [074] 20 ml of 0.10 M VFc was placed in vials containing 1ml of TM EDA

at various concentrations of namely 0 M, 0.050 M, 0.10 M, 0.20 M and 0.30 M.
To initiate oxidation of vinylferrocene, a 1.0 m! aliquot of 0.50 g/ml oxygen ~free



20 after 10 m n of deoxygenating. The reaction, mxture was refl uxed
for 6 h under nitrogen. After cooling, the reaction m xture was
added drop-by-drop to a 200 m of rapidly stirred acetone to

preci pitate the conpound. The precipitade was 3 washed with acetone
and purified by nultiple water-dissol vi ng acet one- preci pi tating
cycles. Furthe urifi.cation was, carri ut with the co
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potential revealed that the oxidation current of the second process increased with

20 the increasing concentration of TMEDA. However, the shape of this voltammetric
' wave remained sinusoidal. ' '

[076] In addition, a tiny amount of brown oily substance was found at the

bottom of the electrochemical cell every time aiter the test. It was solidified ard

 isolated from the reaction mixture with the addition of copious amount of aceton e.

25  Unlike vinyiferrocene, the brown solid readily dissolved in water. Electrochemical

tests indicated that some of the constituents in it exhibited highly reversible redox

behaviour at the potential corresponding io that of the second redox process.

Removal of the elecirochemically inactive constituents and evaporation of the

solvent resulied in the crystallization of VFCTMEDA and VFCTMPDA as

30 characterised below. These are the only irue Fc* salt that exhibits the reversible

Fe(lll)/Fe(V) transition in aqueous soluiion under ambient conditions. As showwn

in Figure 4 and 13, cyclic voltammetric test clearly showed a couple of highly

©



potential reveal ed that the oxidation current of the second process

i ncreased with 20 the increasing concentration of TMEDA. However, the
shape of this voltammetric wave renmaingd sinusoidal. [076] In
addition, a tiny anmount of brown oily s Bstance was found at the
bottom of the el ectrochenical cell every time after the test. It was
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tyR| cal ly sinusoidal voltamopgram was observed, while no oxidation

ent was observed mhen t he experlnent was conducted in the
absence of E¥ER 4,Cha : DAchred MiFedMRIDAL i c
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it-conjuga¥Fon is disrupted in the VFc noiety, as a result of the

renoval of on[% %Hectlhon fromiron centre in
ossbauer spectroscopic analysis was conducied on an ES-

20 --Technology MS 105 Spectrometer with a 25 mGCi Co source in a rhodium marrix.
Spectira were recorded against an iron foil at 298 K. Figure 6 shows Mdssbauer

/— spectra that was obtained for VFCTMEDA. The Méssbauer parameters for the
\) quadruple spliting AEq = 0.62 mm/s and the isomer shift, = 0.30 n‘im/s are
- typical of low spin ferric species. Generally, AEq of ~0.50 mm/s and & of ~2.20

25 mm/s were obtained for ferrocene derivatives. :

[079]  Molecular weight of the VFCTMEDA was determined with &

Finnigan/MAT LCQ Mass Specirometer (ThermoFinnigan, San .Jose,-CA). Fig ure

7A depicts an electron spray ionization mass spectrum of VFGTMEDA. As often

observed in the cases of ferrocene derivatives, the VFe dimer showed muich

30 higher relative intensity at 425 (M+1) although it is a by product of an
unsuccessiul polymerization in minute amount (<5%) in VFCTMEDA. This is

probably due to its much higher stability. The molecular mass of VFCTMEDA was.




We. [078] Mossbauer spectroscopic anal ysis was conducted on an ES- 20
--Technol ogy M5 105 Spectroneter with a 25 nC Co source in a rhodi um
matri x. Spectra were recorded against an iron foil at 298 K. Figure
6 shows Mbssbauer spectra that was obtegi ned for VFCTMEDA. The
Mossbauer par anet ers for the gquadrupl e splitting AEq = 0.62 nmm's and
the isomer_shift, mis are typical of low spin ferric
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at one uni ecular mass (M at Q mz 341. A third peak
was obiSer ved [@B‘i]‘d z FZBEIR spieicta, wer@esstidey as $(Br peltats witrabl Pairiirt Ediner

[ aoent at Gan el MK AR SRS AbnLIS AT 1SaBb Y ofRCTdl B8keln' fere
Par ki n El nf@borded at room temperaiure unless otherwise noted. FT-IR spectroscopic
' studies (Figure 8A and 8B) iurther confirmed that (i) true chemical reaction
between VFc and TMEDA/TMPDA reaction has occurred when the oxidative
20 treatment was applied, (i) vinyl groups on the VFc has been preservead, (jii) little
radical coupling between VFc molecules has occurred and (iv) the
TMEDA/TMPDA has reacied with VFc* and a stable compound, as illustrated in
Figure 1A and 1B, has been produced. 1t is worth noting that the strong
adsorption at 1630 cm™, which is aitributed to the vinyl group on one of the
25 cyclopentadienyl rings of VFc. This is a good indication that thee complete
preservation of the vinyl groups. Supporting evidence can be found iny the 1500-
1200 and 700-600 cm™ regions. Additionally, the specirum shows that the
cyclopentadienyl rings are stable during oxidative treaiment, as evidenced by the

strong adsorptions at 3330 and 1140 cm™.
30 [082] NMR specira were recorded using a Bruker ACF3000 sp ectrometer
operating' at 300 MHz. Evidence of the formation of VFCTMEDA was also
provided by '‘H NMR spectrum and 2-D carbon-hydrogen heteronuciear



Spectrum 2000 FT-1R Spectroneter at a resolution of 4 enml. Al
spectra were recorded at roomtenperature unless otherw se noted.
FT-I R spectroscopic studies (Figure 8A and 8B) further confirned
that (i) true chem cal reaction betweeR?VFc and TMEDA( TMPDA reacti on
has occurred when the oxidative 20 treatment was applied, (if) vinyl
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Anal ysi s of the ctra 3] endent confirned the
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In initial ;rﬁéﬂﬁfa’cﬁﬁﬂkﬁ sbturses Heurshibidatrahbed @g{mwnsﬁ Qfsekeﬁd ifrcalator,
i nvent j ons, hgve DNA intercal ati ng properties.
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fluorescent molecules by VFGTMEDA through an increasing concentration of the
20 VFCTMEDA molecules in the system. A well-known threading intercalator,
ethidium bromide (EB), was chosen as our fluorescent indicator. EB has been
widely studied as an efficient DNA intercalator and is one of the most popular
@ fluorescent intercalators used in nucleic acid assay. EB displays a 25-fold
fluorescence enhancement upon binding to the double-stranded DNA, which
25  provides suificient sensitivity and good discrimination against free EB molecules
in fluorescent measurement. In addition, the kineﬁcs of EB intercalation is guite

fast, which significantly shoriens the time needed to reach equiltbrium..
[084] To ensure that this approach is appropriate, an increasing
concentration (0-100’ uM) of a well-studied non-fluorescent intercalator,
30 naphthalene diimide (ND) was first added to-the EB saturated double-stranded
DNA solution, gel electrophoresis experiment showed that the fluorescent
intensity of ihe EB infercalated DNA diminished gradually as the concentration of




15 in this case VFCTMEDA, is introduced into the systemvvith gradual

I ncreasing concentration. It was thought that two nol ecul es woul d
bind to simlar sites in the double-stranded DNA. For the

conpetition experinent; the changes inggfluorescent intensity were

noni tored during the displacement of DNA-bound fluorescent nmol ecul es
by VFcTMEDA_t hrough an_i ncreasi ng concentrati on of the 20 ' VFcTMEDA

mol ecul es NIR infseasest. eheAbinsling keenwtanhriéadf .0 #il8%.c askinoated from the
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neasurenment. In addition, the kinetics of EB intercalation is quite
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I ncreased. The bi nding constant 1<d -0 x105, estimated fromthe
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o VrervErRE MR, & ki, PEoffs A dblefaielr BB e TheBlrking
doubl g5st rc&miﬁht%eshmaﬁ@:l froh® e ex eﬂmmi deta dwhé er.4xt OF a'bdrméspl)‘ndmg
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suggested that nore VFcTMEDA nol ecul es are bound

doubl e- st riE{ISHY CRETAMES| %ﬁb‘@?”@%&ﬁ@%'”@ﬁﬁﬂ@@hﬁ%g hgr bigher the ratio of
replaced. isoRIENA/BY, IHEhRREP L bBAE afPedted it HEGE RRg8! 86dlid tum, the

rati 028f slower the mobility of the DNA. The molecular mass of ethiditam bromide is 324
and that of VFCTMEDA is 328, as determined by MS spectrom etry. Both of them
are mono-cationic. Therefore, the less than 2% mass difference between EB and
VFCTMEDA is ruled out for causing such a big mobility change. A . plausible
explanation is that VFCTMEDA intercalates more sites on DNA than EB. Ai low

25 VFCTMEDA/EB ratios, VFCTMEDA preferably intercalates with- DNA at free sites
and then réplaces EB as its concentration increases. This implies that the K,
value of 4.4x10° obiained is smaller than its true value.

Example 8: Use of VFcTMEDA in the catalytic oxidation of amines

30 f085] Vollammograms of amines in solution containing ©.0 M and 5.0 mM
VFcTMEDA at a glassy carbon electrode is shown in Figure 10, taking TMEDA
as an example. For comparison, a voltammogram of the VFCTIMEDA in PBS was




as low as 1/5, nore than 50% of the DNA-bound EB was repl aced,
suggesting that VFCTMEDA is a much stronger DNA intercalator than
EB. The binding 15 constant Kd, estimated fromthe experinental -
data, was 4.4x1 06, corresponding to app%goxi mately a 26-fold
enhancenment over EB. However, a closer exam nation of the gel inmage
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VFc TMEDA/ EB ratios, E{VFC f?ﬁE% k Ieﬁﬂfalnt e %:tgl 3’ E@ \?\Aét h 4OP rmV to

sites and €§8nV ré@%[wyleEBl&aiedm@lomOpe@ntafdﬁmTﬁwE{aAesigafflcamﬂysjrmlnlshed

) lies th obta ne F

LToe val uo Sydd¥erind e ol erftielr SAmRRIRTRRRRE BehRi VS TMRIAR, 4 TMEDA

am nes 30 [@@:—'M]rs Voltha sohgioarsinflacsanfgicl sffedd bhi Sfheroathaidd BliddtithdMwvere

and 5. VFCTMEDA at a ssy, carbon el ectrode is shown in Figure
%{CLTM FReS Sea@daﬁegéfai?ﬁﬁé%mm snRsKiang ehterbiayy tammgr am of

t VFCT'VEDA | p8BPS VAise %%tal?ﬁé%xi@ira%ﬁrﬁfe&hbp a'lzﬁlﬂ%fv\%% al @%ﬂ?féﬂ out with

A sol ution no oxi dation current observe
0.70 V i ndi ¥&eTMEDA aFiguraDR @aawet Gytécowl’cammdgamaoof @ou il g, (b) .

' PBS onl LAt O RN BTl BE GERORS sHRsERing din S e s o

that int heDBSpNEsé*h@Afwaéprm attsheonyertpslopntfa).50MM Y £Bfassy carbon

neoat 1 V81 y b @R B aSetineRin Yo Biieano Ve FE-pRe the asekinshertil

peak of VFoomE%xmmnnfofcmﬁtﬂomaim@eratsdmt 0.58\ 088 HlcNgs tWa1cadB for C,HNH,.
efficient aéFlt I\ﬁ_é”rce on befween VFCTMEDA and TMEDA occurs in-
A 2C'et

the sol uti dit & PPEK diGieRtal Was At oukid28Y olin dhei piesence of
were 10 al\ﬁ@c’ﬁhEDﬂV@l tﬁr@@abﬁlhﬁﬁ% F{fdtéﬁfﬁdls §r‘écﬁ*ﬂﬂéﬁ Ne8s %%ht’g%' ¥ommonly

-[086] The ckat alnytlc; oxi dation of her am nes was al so carrie
Wi th nowrt oxidation potential in PBS without VFcTMEDA of over 0. 9V for the

20  electrochemical oxidation of amines.

10871 It can be seen from Figure 13 that the voltammogram response in

_ the oxidation of amines by VFCTMPDA is similar to that of VFGTMEDA, with the

3 ' peak oxrdatlon potential being about 0 58V and oxidation current of about 8x10°
amperes

25 [088] It was found that the pH values hawe a profound effect on the

catalytic oxidations of amines. The pH of the electrolyte solution was adjusted by

adding aliquots of 0.10 M Na,PO, solution to a 10 rml of 0,170 M H,PO, solution.

Since electrochemical oxidation of VFCTMEDA does not involve proton, its redox

potential is pH independent. But to have an efficient catalytic effect, the pH of the

30 medium must be above 7.0, indicating that deprotonation of amines is an

essential part of the oxidation process. Consequently, in an acidic medium, the

catalylic oxidations of amines were retarded. Furthermore, it was found that upon



VFCTMEDA. Figure 12 shows cyclic voltamograns of 5.0 nM (a) NH3, (b)
C2HSNH2 and (c) CH3-NH C2H5, all in solutions containing the sane
anounts of PBS. VFCTMEDA was present at a concentration of 0.5mM at
a glassy carbon 15 electrode. It can B8 seen that in the presence of
VFCcTMEDA, the peak potential of the oxidation of amonia was at

about 0. . as. th a for C2HSNH?. = For N t he .peak
otont | st eRet g W iseOReEe e, i Tt vetew Selitdp e EREDA (SRR
oxi dat i orO.QOtmgﬁmla\I/SQmEDmcﬁéhé@ﬁﬁohh?&let V@lc@@momé%p brdweWmplying that
oxi dation potential ,in PBS without VECTMEDA of over 0.9V for the 20

el ect rocHEUMNES B8R Bt iBFIzed apneaically 08y) dissobyed hexyeah ¥ndeh mngbieat

13 that t bl i i ]

VR TNEDA § T e e e BT I A AR R system
pot enti alfopa@mineslsoich ag.sB8Moakminoxdigat i on current of about 8 x 10-5
anperes. 25 [088] It was found that the pH val ues have a profound
effect on the catalytic oxidations of am nes. The pH of the

el ectrolyte solution was adjusted by adding aliquots of 0.10 M
Na3PO4 solution to a 10 nil of 0.10 M H3POX solution. Since

el ectrochem cal oxidation of VFcTMEDA does not involve proton, its
redox potential is pH independent. But to have an efficient
catalytic effect, the pH of the 30 nmedi um nmust be above 7.0,

i ndi cati.ng that deprotonation of amnes is an essential part of the
oxi dation process. Consequently, in an acidic nmedium the catalytic
~oxidations of amnes were retarded. Furthernore, it was found that
upon 30 reacting with dissolved oxygen, the light yellow solution of
TMEDA containing 0.20 ng/m VFcTMEDA changed from pale yellow to
deep brown, inplying that am nes can. be oxidized chemcally by

di ssol ved oxygen under anbient conditions. This is especially
attractive in devel oping a pollutant renoval system 5 for am nes,
such as ammmnia in water. 31 Wat is clainmedis: 1. A conpound
having the formula (I): 5 ERb

—



R 91"/ RB 1li Mt- N{C"  NRoI2Z RA/~R 10 [Ry wherein: M
is atransition netal selected from Goups 4 to 10 (I UPAC, 1990); M
i's non-coval ently bonded to one or both nitrogen aton(s) N, 15 Ra is
Hor ClL to C6 alkyl, optionally substi it ed; y is an integer of 1 or
2, Rois H or avinyl group having the fornmula (Il): HH20 1 1
-C=C-Rc a (IlA): -GCCH2 25 H RC or the fornula
(reB)y: | W&sﬁ@écl ~-CCH2 H Rc Rc wherein RO is Hor ClL to C6 al kyl,
optionally substituted; RL and R2 are independently selected from Cl
to C6 al kyl, optionally , 32. snﬁb tituted- R3 and R4 are independently
sel ected from CBF"p@fnﬁcr’a(\fg]ga’ﬁ I??meﬂ ‘onal |y substituted;

5 R,
. | Ry Ry Ry
R / IR
Ra R4 Ra
10
[Raly

wherein: .
M is a transition metal selected from Groups 4 to 10 (IUPAC, 1990);
M is non-covalently bonded to one or both nitrogen atom(s) N;
15 Rais Hor C11o C6 a]kyl, optionally substituted;
y is an integer of 1 or 2;
Ry is H, or a vinyl group having
the formula (1)

H H
20 | |
C—C—R,
or the formula (l1A):
Re
s (G e C——CH,
25 | H
Re
or the formula (1IB):
DT
C——C——C——=CH
Re Re

wherein R; is H or C1 to C6 alkyl, optionally substituted;
R: and R; are independenily selected from C1 to C6 alkyl, optionally



nis an integer of 2 or 3. 5 2. The conpound of claim 1, having the
formula (1A): PaRLRERRL 10 MMCN )\ ZJ? R Ry R Ra\ Rb
wherein M Ra, Rb, Rl, R2, R3 and R4 hayve the sanme neani ngs as
defined 15 in claiml1l. 3. The corrpounazof claim1, having the
forrrula(IB) Ro R, RBR 20RM* CL~ ~? R2 RA R2 Rb 25 wherein
M Ra, Rb, Rl R B3:-and R4 have the same meanings as defined in
claim11. 4. The conpound of claiml, wherein Ra and R,, are each

i ndependent | y Rgsamdacmemef lndapeltm&rgryowjecteds"rmmhhg)r@1 Itryﬁ}b‘oglkyll optionally
met hyl , et hyl é@rfﬂ 30 isopropyl, n-propyl, butyl, n-butyl,
tert-butyl, ‘?‘fjpentyl i So- pentyl, n-. hexyl and iso-hexyl,
all opti onal I al i%ld?ﬁhté ed 2 &.3_The conpound of claim1, wherein Rl
and/or _R2 are each independently selected fromthe group consisting
of rret$1yI et hyl, propyl, isopropyl, n 33 propyl, butyl, n-butyl,
tert-butyd, p + 1. S0 , and iso- hexyl,
all opti onal I ﬁé/ut ?gﬁae]yb]g.]m?hgago tﬁérﬁ%ﬂn@gﬂ@l m 1, wherein R3
and/or R4 are each |ndependently Sgsel ected fromthe group

consi sting of hydrogen atom nethyl/, ethyl, propyl, isopropyl,
n-propyl, butyl, n-butyl, tert-bu , pentyl, n-pentyl, iso- pentyl,
n- Re I:<1 Rs
’ ++’
M-(—N
R
\Rb
wherein M, Ra, Ry, Ry, Rz, R3 and R4 have the same meanings as defined
15 in claim 1. |
3. The compound of claim 1, having the formula (IB):
Ro
Ra
20 l R3 ’
T
\Rh
25 wherein M, Ra, Rp, R4, Rz, R3 and R4 have the same meanings as defined
in claim 1.
4. The compound of claim 1, wherein Ry and R, are each independently

selected from the group consisting of hydrogen, methyl, ethyl, propyl,
30 isopropyl, n-propyl, butyl, n-butyl, tert-butyl, pentyl, n-pentyl, iso- pentyl, n-.
hexyl and iso-hexyl, all optionally substituted.

5. The compound of claim 1, wherein Ry and/or Ry are each independently
selected from the group consisting of methyl, ethyl, propvl, isopropyl, n-



hexyl and iso-hexyl, all optionally substituted. 7. The conmpound of
claiml1, wherein the noiety 10 Rl I3 R I~ n -1 R R4 R in formula
(I') is selected fromthe group consisting of tetramethyl- 1 -nethyl-
15 et hyl enedi am ne, tetraethyl-ethyl enddi ani ne,

N, N -diethyl -N, N - di met hyl - et hyl enedi am ne,

,'[\le,'[\lr aglr gg;lhyl [# Pkél ﬁﬁ Wbu yT TEH Bty ChOMY FRESLATT - pentyl, n-hexyl and iso-
N, N - di met hyl I'N;)dyl -aillqptnpallpshlysttélmtedl am ne, tetra methyl-propylened -
iami ne, tetraethyl-2-ethyl-propyl enedi am ne,

N, N -di ethyl -N, N -di net hyl - 20 propyl enedi am ne, and

N, N - Di i sgpr oppthe Noho\pddmae@ﬁﬁmhrrh B-wheRean&di #d/0eR, dte dduh (riEperdently

of claim1, wherein Mis a netal selected fromthe group conmstmgyl

of Fe,dCo, Ni,salpctedfronpthe groupsonsigtingaplihydrogen a@JmTH@tQﬂnﬁ%\thPr@)

claim1l, wher \Y} r Sk 0
The corrpound g?&dbgglm%lﬁoﬁkér@l?ﬂ tﬂflbelR Iotrtr%ggﬁg |ls rg sen dédb;?:et pAn
formul a (V1) :he3@l s @azhexdGibeptionalig substitatedl. H2 13 34 11. The
compound of Claim1, wherein the conmpound is represented by the
formula (MI1): HGCH2 5 4 Fe+ HBC /H2 /C2 \NCH3 ~- C

7. The compound of claim 1, wherein the moiety

T++I

in formula (1) is selected from the group consisting of tetramethyl-1-methyl-

10

15 ethylenediamine, tetraethyl-ethylenediamine, N,N'-diethyl-N,N'-dimethyl-
ethylenediamine, N,N’-dimethyl-N,N’-diethyl-1-methyl-ethylenediamine,
tetrapropyl-ethylenediamine,  N,N-dimethyl-N,N'-dipropylethylenediamine,
tetramethyl-propylenediamine,
tetraethyl-2-ethyl-propylenediamine, N,N’'-diethyl-N,N'-dimethyl-

20 propylenediamine, and N,N'-Diisopropyl-N,N’-dimethyl-1,3-propanediamine.

8. The compound of claim 1, wherein M is a metal selected from the group
consisting of Fe, Co, Ni, Mn, Zr, Cr, Ti, Vn, Os, and Ru.

25 9. The compound of claim 1, wherein the overall charge of the compound is

positive.

10. The compound of Claim 1, wherein the compound is represented by the

formula (VII):
30 HE=CH
CH;

HsG Hp I
Fe+ *‘—\ N/ \c/ \CH
L

CH,



H2 H3 13 12. A process for preparing an organonetal lic conpound as
defined in any one 10 of Clains 1 to 11, conprising: reacting a
conpound having the formula (I11): 4~Rb M15[R~IY wth a
conmpound having the fornula (1V): 20 **3 1" --tCl. R R R2
wherein: Mis a transition netal selected fromGoups 4 to 10 (I UPAC,

1990 Ra t I i E@Mﬁs ' .+ H

H, 02 a \2/'|ﬁn I Tro:‘}‘lo O%d & ?%ﬁ'f jgﬂ#uhfa%?% Iltﬁ€adollq¥ ?Jéﬁé@%rﬁgg Bafthe
t he formJIa (Ifbnmulal?((illll)t C—C—CHZ RH ¢ 3 or the formula (1IB): IC
| C HC=—CH,

HsC 22 gz
\ cH
AV VANE
Ha |
CH, : CH;

12. A process for preparing an organometallic compound as defined in any one
10 of Claims 1 to 11, comprising:

reacting a compound having the formula (l):

) Y

with a compound having the formula (IV):
R‘l R3 R1
20 L 71y
N
Ra Ry Ra
wherein: ‘
M is a transition metal selected from Groups 4 to 10 (IUPAC, 1990);

25 Rais Hor C1 1o C6 alkyl, optionally substituted;
Ry is H, or a vinyl group having

the formula (I1):

Q=T
O——x

30
or the formula (11A):
Re

——C—C=—CH,
| H
Re



-G G CCH2
optionally substituted; R, and R2 are independently Cl to C6 al kyl,
optionally substituted, R3 and R4 are independently H or CH3,
optionally substituted; and 10 nis aﬁsinteger of 2 or 3; said
reaction being carried out in the presence of an oxidising agent. 13.

The process Oforcth?if nq&amgir ein the reaction mxture conprises a
vent . :

pol ar

organi ¢ sO

11H5 R RCwherein R is Hor C1 to C6 al kyl,

4. The process of claim 12, wherein the

oxi di sing agent conprises a chemi cal gxidgsing agent selected from
the group consisting of a salt of pers ?fatl%, chlorate, bronate,

per oxi de,

or a mxture thereof. 20 15.|The

process of claim 12,

wherein the reaction is an electrolnytig reactr m—caeried out in the
presence of a support electrolyte, and|whetein the oxidising agent
is a vol tage potential provided by an r] eckgical source. 16. The
process of Cl aim 15, wherein the support electrolyte is 25

t et r abut yl ammoni um hexaf | uor ophosphate. 17. The process of Caim 12,
further conpriwhemgipRedid Hiardt1 togCOHradkyr apticmally substitptesli pi t ati ng

agent .

m'1 o5 o onERATe AGETRRADY G PR gIF ool shidideecr ' 2

inclaiml as

conpound havi g, ahe R eirguthdeddndeatly $eot OB, optiotally substitaterl; agdt al yst
for al' ne oxi dati on,

15

20

25

30

13.

14,

15.

16.

17.

18.

19.

nis an integer of 2 or 3;
said reaction being carried out in the presence of an oxidising agent.

The process of claim 12, wherein the reaction mixture comprises a polar

organic solvent.

The process of claim 12, wherein the oxidising agent comprises a chemical
oxidising agent selecied from the group consisting of a salt of persulfate,
chlorate, bromate, peroxide, or a mixture thereof.

The process of claim 12, wherein the reaction is an electrolytic reaction
carried out in the presence of a support electrolyte, and wherein the
oXidising agent is a voltage potential provided by an electrical source.

The process of Claim 15, wherein the support electrolyte is
tetrabutylammonium hexafluorophosphate.

The process of Claim 12, further comprising precipitating the product in a
precipitating agent.

The use of a compound having the formula (I} as defined in claim 1 as a

nucleic acid intercalating agent.

The use of a compound having the formula (1) as defined in claim 1 as a
catalyst for amine oxidation.



