STABLE HI GH OXI DATI ONSTATEDI AM NE METALLOCENES AND
PROCESSES FOR THEI R PREPARATI ON [ 001] Thi s invention
W0 edoaties7t o novel netal l ocene conmpounds, i n paPCT/6G@s/000120
hi gh oxi dation state netal | ocene conpounds, as well as
STABLE IIGH €59PATION STAFEDIAMINGD METADIPOENES AND RIS@CESSES FOR THEIR
PREPARATONeOf . 5 BACKGROUND OF THE | NVENTI ON [ 002] Since the
di scovery and el ucidation of the structure of

ferrqcene_in the earl 50 net al | ,
¢ SO0 T O RetmarTonc KeBISs  th MWL AIRTGRag GoppouNds, in

paFtitist Afgh ‘b'Skfdéf["an%tafé W@hllo@@@bbmﬁ&ﬂagn9§%&l as processes
rut heni um have 10 been a continual source of intrigue

forf reparing ihese sempaangsiand yseetarees. [003] One
5 traditional application of netall ocenes was their used
as catalysts in olefin polynerisation; reviewed, for
exanmpl e, by YoBACKGROUND Of THECKNVENTION Vol . 287,

pﬁg@cﬁgggﬁ?:égﬂg O&ﬁaéog(%@; ﬁﬁﬁ &i%l& GRIR pg vel ﬁfcture oF f8rrocene in

theredagthyl orgs®s AfetalRichys &b ttdritior Irﬁ@taimts@bht hstir@i,eniobium,
used as hono enous ol ynerisation catal ysts. [00

As
vapadiiys turgstan o BfamiYMrdekel; 59Palt MaNganpsa or ruthenium have
10 be@ﬁté‘béﬁﬁﬁﬂgﬁsgﬁﬁéé of Fi8y P &t %lsfshé’nd/ﬁ?dtémaltd&%rftlstése

have expan to oth er areas of application in whi
t 093] el e@neotfadﬁmak ﬁnpmamn mfpmefteuqcenesewag uthﬁlraysed as

Caﬁi}%i%rﬁﬂ r?tln\ﬁﬁéll'sl% nlzgxérragnéelgs, néégéﬁl' nea pﬁﬁm et al,

Sciernte, r(m0®0¢ Mcmmz/, pages4 t@dioatwino iahsoerwpmerecent developments

el ect rodes. .005 al | oce es s s, fe enes _arge , "

of s bEBVE HAIRAIGT R IR o0 banertedishil FRIARESSRa pf eary
15 trdndftionasidial thet ard osédas frﬁlj@m@idﬂehcﬁfsqwblmeﬁéaﬂomﬁatalysts
mat eri al sciences, For exa f errocene- cont ai nin

nmdP@4l al s ﬁdvgtmn@rvﬁ’r@gé'ﬁmaﬂ‘%% sipblei and jachye r{agt%llocenes
W(fl@' é!e&élo‘b%bab\yér' thPYeafd, Sihelt 058 HEVRIexpAIeP 6 YhéCareas of

appllcatlon in which their electrochemistry had an important role, such as

electronic applications including molecular switches, metal probes, molecular
20 magnets, non-linear optics and, more commonly, as a mediator in enzyme
electrodes.

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

25 applications not only in catalysis but also biosensing, thermotrophic liquid
crystals 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, 1998).

[006] Iron in high oxidation states such as Fe(lll) and Fe(lV) has also

30 been found to be involved in biological processes. For example, a wide range
of heme and non-heme iron-containing oxygenase enzymes were found to be
involved in the mediation of oxygen atom transfer in biological systems.
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crystals and non-linear optics (cf. A Author, in

Met al | ocenes. Synthesis Reactivity, Applications, Vol.
wdaoogheErer 1; Vol. 2, Chapter 11; A Togni anBCRSG2005/000120

Hal t erman, Eds, Wley, New Ygrk, 1998). [006] Iron in

hi gh oxidation states such as Fe(lll) and Fe(1V) has

al so 30 been found to be involved in biol ogical

Addi mwedno@@@n@mmhen by Mefhilo@&ﬁgme@fadwbbrrﬂn@tlc complexes

hqsofugggge wlgrrggtdl%mtggh(gla%dmﬁa enaseleg%,égeﬁ?xg&et% for %loca’calySIS
(cf. CGHERh BReV/ ”%@(1 2?66'7 -SOR, %@5% DgBERb Y6, 289Xy

activation Ioenz mes an omnetic conplexe
hd007Liel |[a|de|tnttlaek§§ﬂablhtyh|f@ﬂnowneenomp@uauscammcyy@gergyplcany

oA oA B 33 AR 388 g o 0,

wlﬁereabetrfz (ﬂ(ﬁt)|$pdcyes Lrem::mmteme drompisum@sent i bridetien sgate (IV)
C t he err n.
vt hsieh, Roiied Baceusa tive starity 1o e grepased PigiMicaBty. The

exdsten8Pf IRicH Fervdiche HBAVAIRS WasPEsiRfied 6nl9><él§é7t‘rd)éﬂbm|cally
state (1V) have not been isol ated because th

ursieaﬁhequngentégndla@as diss iguidi Rk ~AHNQ Py Smrp & Bard (inorg.
; VEPeER NG S, IS)CERRIET A SrgatBi, Ofim 189 (1080)

on y el'ectto
C44+€46)qui d SO2, - 400C by Sharp & Bard (Inorg. Chem

itoRer oA iRy %3%%\2)@6%?8&\6@'@? ST RIS Bidatin state

mezmilogzam t eaklienr lF@t hex?:rhpww Wilisdat ebralst@AES 91, 758, (1969))
a cenes | er or _.e S t
e 2SRl SR R ke S Sate SEAo 0v)

in"HiGketbcdne? U*sfrﬂ@ecy@ﬁb dﬂ\)‘lthm?néir ire aBtohittile sélatidn VQioWéver it was
ni ckel ocene using cyclic voltametry in acetonitril

NeasIS§anole. usg\ﬁep@cessﬂem@@raimegé a4Q/ B axler 0 ;W@\L%ﬁéhe nickel
(I\%’)ﬁ%@&l@% Uﬁ‘Sn‘P apléﬂlogebﬂmﬁbgﬂgotlﬂkéw@ée'Fiuv&é]‘?a Ié‘t“e{fel(JACS 82,

rom’ra osi n
58AMErR60)) c@scnbé@(éSon@ZsteﬁBMQ e(la@am pxmbélonmfeltultmnocene In

nPanSaRRL eI o el et B e R froghR gjpositve

ioh Wideenposee ovagrasperive of abodetOmpassd over a period of
about 10 Rours_ .

[009] ccordingly, there remains a need for stable metal complexes

which can be used, either as model compounds or directly in practical

applications, in the above mentioned areas such as biocatalysis or biosensing.
SUMMARY OF THE INVENTION

[010] In one aspect, the present invention provides a compound having the
formula (1):
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[009] Accordingly, there remains a need for stable
nmet al conpl exes which can be used, either as nodel

we@eospamsdas or directly in practical applicati oPGT/SGZ005/000120

t he above nentioned areas suﬁ} as biocatal ysis or

bi osensi ng. SUMMARY OF THE | NVENTI ON [010] In one
aspect, the present invention provides a conpound
having the formula (1):wherein: Mis a transition
netal selected from Goups 4 to 10 (1 UPAC, 1990); Ra
is Mhereidi1 to C6 al kyl, optionally substituted; y is
an i - : i iyl '
he M SragpSbp)melal Selettod fioth Sy g 1GHIGPRC ATH0S:
( HBR, isvheorCh taC6 alkyl,@ptionally substitated;| , optional |y
subst.i tut.ed: n are independently selected from
C1 gdééélﬁ%%fgp&%ally substituted; R3 and R4 are
I ndeRds kot 4 yingdlgesuetatingm H or C 1 to C6 al kyl,

opt | on%IHIB%/ skmgtitut ed, and nis an integer of 2 or 3.
[011*}e o1 aspect of the invention is directed to a
process for preparing an organornetallic conpound
conprising: reacting a co undihavi ng the formul a
(I'11):with a compound having the formula (1V):

wherein: Mis a transitien —sehgcted from G oups
4 to 10 (1 UPAC, 1990); Rais Hor C1 to C6 al kyl,

opt icotize formeuleb§klA):uted; y is an integer of 1 or 2;

Rc
———C——C=——=CH,
| H
Rc
or the formula (11B):
R: R
C——C——C=——=CH,
__—
Re Re

wherein R, is H or C1 to C6 alkyl, optionally substituted;
R, and R, are independently selected from C1 to C6 alkyl, optionally
substituted;
R, and R, are independently selected from H or C1 to C6 alkyl,
optionally substituted; and
n is an integer of 2 or 3.

[011] Another aspect of the invention is directed to a process for

preparing an organometallic compound comprising:

reacting a compound having the formula (111):
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wWo@er00§10302 C6 al kyl ,

Rb is Hor a vinyl group having the formula (I1): or
the formula (MA): or the fornmula (HB): wherein RO is H

are independently C1 to C6 alkyl, optionally
substituted, R3 and R4 are independently H or CH3,
optionally substituted; and n is an integer of 2 or 3;

sai d reaction being carri in the presence of an
oxi di sing agent. [012] A f Bect of the
invention is directed to vari gus uses of conpounds of

the present invention, for ex@anple, as a nucleic acid
i ntercal ati ng agent or as yst for the oxidation
of am nes. BRI EF DESCRI PTI HE DRAW NGS [ 013] The
invention will be better understodd with reference to
the detail ed description when considered in

conjwiticé icompaiund haveng dime formulafly)exanpl es and t he
drawi ngs, in which: [014] Figures 1A and 1B show
exanpl es of the water-saiublm, hikgh oxidation state
conpound of the present |nye tioh, namel y

vi nyl ferrocene tetraneth edi am ne (hereinafter
referred to as ' VFCTMVEDA ) ah nv| nyl ferrocene

t et ramet hyl propyl enedi anfene fsher®i nafter referred to
as 'VFcTMPDA). In these figures, the diam ne portion

i s adgreined as being bound to the metall ocene portion

as p .
Vo MARATER G ORdnerelRiso o e BrotaR Ao HOPAGH 920
depiR.tistH asCheao G atkyhbptionalip substiuted;ene portion as
a bi dent at Ii% Rd. 015] Figure 2 depicts the
readt'P&H 'Bfﬁ%’ig % of+ produci ng VFCTVEDA. [016] Figure

3 I RAEsEV6EFLYi hﬁg@ﬁg{,m of Vinylferrocene (VFc) in
t he ggesence or}wgl\/E A at g]oncentrati ons of (a) 0 M (b)

0. odoe ferpyladiio m (d) o. 20
L]
C——C—~R,
or the formula (l1A):
Rc
———C——C=——=CH,
| H
Re
or the formula (IIB):
R, Rc
T T C——CH,
Re Re

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

optionally substituted;, RIPEGNEGRA5/000120
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Mand (e) 0.30 M [017] Figure 4 shows the cyclic

vol t ammogram of VFCTMEDA in the presence of TMEDA at
w@omsami3rat i ons of (a) 0 Mand (b) 5mM [018] PCTSEE05000120

shows the UV-Visible spectragpf (a) VFc (b) VFcTMEDA

and (C) VFcTMPDA. [019] Figure 6 shows the M ssbauer

spectra of VFCTMEDA. [020] Figure 7A and 7B shows the

Mass aﬁdtR Leredhddfferiddrdg st CHg Dtiopatlg spbstituted;and
[021 b%ure 8 qﬁ@d Fi gure 8B shows the FT-IR spectrum
of Ngaer A respectively. [022] Figure 9A

and Ehﬂi%ﬁc@c?h BER c}aﬁﬁe Wﬁr@ﬁ% Bﬁes‘éfnc\é': TEVFERIdRIKY agent.
VFCTMPDA respecti Ve re 10 illustrates t

DNEO1R]ndi ﬁgftp‘ﬂ'@p@i’zgﬂcibef\Ih@TWElemloﬂhé dirgeief dogvarious uses of

o pEBTRR, o B B AT b BUBBAES dlh o aoi

infeigaiatinylagamnd os asleecaiabist foviblet @mmlmrauf aminade
oxidation of 5.0 mM TMEDA in the presence of VFcTMEDA
at concentrations of (a) 0O M(b) 0.50 MM PBS is

present in bot BRIEFIDESCRIFETION DFTME DRAWINGS f or
VFCTMEDA Oin PBS is shown in (c). [025] Figure 12

shows the cyclic voltammogram for the oxidation of 5.0

@;33%( NES invieRtiofr W W%Jﬂggﬁtg?dw’re@réme to the

I'n the presence
detatledntdeacnmomfwbea ehhsipered Fi geordundtiamomitht e non-limiting

o AR e, T e ) bl
DEJNA4]ED PBigfi(res PTA Cahdl 028] showorexasgpestof tie waksaoluble, high

oxtdafbn Rfayn eRagunanok:aes Hresant ddueraih gy Miyiferrocene
istRirAbhyRtBylenediamine  (hereinafter referred to as ‘VFCTMEDA) and
vinylferrocene tetramethylpropylenediamine (hereinafter referred to as
‘VFCTMPDA). In these figures, the diamine portion is depicted as being bound to
the metallocene portion as a monodentate ligand. Figures 1C and 1D show
VFcTMEDA and VFCTMPDA in which the diamine portion is depicted as being
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 voltammogram of Vinylferrocene (VFc) in the
presence of TMEDA at concentrations of () 0 M (b) 0.050 M (c) 0.10 M (d) 0.20
M and (e) 0.30 M.

[017] Figure 4 shows the cyclic voltammogram 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) VFCTMPDA.

[019] Figure 6 shows the M&ssbauer spectra of VFCTMEDA.

[020] Figure 7A and 7B shows the mass spectrum of VFCTMEDA and
VFcTMPDA respectively.

[021] Figure 8A and Figure 8B shows the FT-IR spectrum of VFCTMEDA
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Ofor the first tinme by reacting a netallocene with
tertiary amnes in the presence of an oxidi sing agent.

WO poosheospast, due to problens in stability, hipgI/SG2005/000120
oxidation state netal |l ocene gonpounds were not readily
avai | abl e. The present invention thus provides a
met hod for obtaining stable high oxidation state

amdt\iF ¢ MP Ddsrédpeictieelp. be carri ed oug, sltoredhand used

ev t anbient_condifions, 5 Accordingly, the present
"I on FIOEE 9K GG TRIP S e MAGR SpecHE 1 oh IWEDA and
WeSMPDAMeBgeERREy  hat can be harnessed in many

appl i cations. [02 As can be taken fromformula (I)

t hE02%np o migiereot O llustraiess the: DiNvdrindiog priopectyngll ¥keEMEDA. The
\/El : b a | o . .

rSRTBE UROTRETE SIBRRLEIERGH GRRRRG ntk B Bnegiany s o1, v,

142yi t/4leind 2/dansi ti on metal from Groups 4 to 10 (1 UPAC,

19 M can be, present,.in the conpound either.as a ..

chi&%‘gd cﬁglbrﬁ ?)f Sg‘ﬁwﬁn@ﬁa?ggﬁ g‘ﬂ'g%f‘gkqgr% cgrm@dOXIdatlon of 5.0

niMarfEDACIh 1! pledente of IFRTMEDIA aficbRcertthatioNs ofMa) 0 M (b) 0.50
, 7B(r§1_T|, Vn, Gs and Ru. Accordingly, thenetall oCene

"&r PiEsh ispraseat i el samples: (Trhﬂcxcgrr yotamnegrast fereYFCTMEDA

il PRY isfPlowfx e, ferrocene, cobaltocene,

ni ckel ocene, ganocene, chronocene, zirconocene,

t i {@RRlcen&igwrenid shews, theseyalic evieltammagramefarcibeeoxidtation of 5.0
. ot ) o
B8 8 4 9 ST B D PS8R prosence

POSSi 0
ob¥FdaMEDA <t @ esncenbtditiohwd Ot enMkbi ity to form

[,nat e..bonds, wi th itabl.e |i ds. Particyl gLl
S0l e FiE: T2 o P SRS Vi Parma et alpPEeliyPDA and
b thertataBticciiidibredPdramethy VFE-TVRDA PBB.Or +5, so
as to formcoordinative bonds wth suitable |igands.

[030] The two ligands that are coordinatively bonded
to Min the netall oRENAILED RRSCRIPHEHEN on) a

cy ent adi gele) L naf ef err S o
TSRS B esbett N T IfentiBh i, e g ey surprising
firding thal stakde digh waidation fatateunetallgceriRacompobinda are obtainable
Ve . .6 1 L carb atomto which
rore RSBk YL Hacingd TreeRe P8 B BHY ol T hE presonce
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.
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.

[029] In the metallocene portion, M is any suitable transition 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
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conprising 1 to 6 main chain carbon atons. Ra may be

t hus strai ght chai ned or branched, and each Ra nay
wW@bk@s/1s7Dpt | onal | y substituted. Exanpl es of PCT/SG2005/000120

substitutions of are arorrztl c groups such as phenyl

and benzyl, -NO2, -NH2 - wherein R is an al kyl

group, -COOH, -CN, C]—| -SBH, or hal ogen. Each Cp

nidtAlodetie PaMPNOBEIHY cbifpobAdSefbRtilig Nl)SchetedetivedTyom, for
ring carbon atomon the Cp rin For exanpl e, where

eesa@nl@ &;&qar\euequaltgcgm%sewe%ﬁ:%hrr@,aglanﬁgenex Chggmocene,
z[6oRs ttl no%'ehEervéﬁh%o%e@{E t(lkx‘sﬁrr%ceﬂé' td tlﬁé‘n%aene The

respec e substituent ne errb
p‘astiqdh/efﬂledtd atf shell&urptlrasel rogialsoken i pc)ssnble rfer getailogenes to

altBirh et BleRBA I bited, AL B b Ao P BF toM bapliitfaje bonds

wiih é@lta:]blé digahdg. Pahtivutirly Muta‘Rfle tinsiiitin nﬁ&ald?ar@mhbﬁﬂr that are
Dl AR AR IBTEES o 2ottt R Gt Bkt Torh coordinative

bRhaS&ih sWRMd ligakdd.i N9, Ra is present at the b
position, meaning that each Cp ring is a 3-

di {08Rk i t dthed twon@ganelmwuag @r@mefdmatlveWe kasdesuig M in the

n?éta Igﬁedé“r’lgwlaé&? o {gﬁ) %atcﬂlﬂ%éh%&%&gf ﬁl‘ﬂg%é% nafter referred to

alsai@p )t Eacbﬂmrm@aontagss the siddstihexhiaddyvand RR33] I n case

rJOREr or AL Atk i EFaRig Iy R g8R Br 3 pEthibkieR 8 die. the ring

carthsit létbﬁnttoRWhlc‘rBSR” tis nattadhed Is 2uhsulbstiieigayt ot Laredalkyl group

ring. Alternatiye neRasubtltue
CRMRTIRITG: 168 Mh CHAIT PRGOD: MRSt ls TSt P e STgidnt chained or

BraseHe&s ﬁhdt Bﬁcl‘? ROShidyOoaIgH tib r&%ﬁ&%llyt qu‘b‘éﬁtuted Examples  of

substituent Rb, re§ut|n ina 1,2, 4-trisubstitut
supstitutiong qfsﬁararglmgmattlgtgéqum guah @saphenyd @nst bemméd , -NH,, -

N RTERRR 08 A GRuBE r¢O TN SoRRTBREE &Y . Each
Gp ring cannyavesode ogtwa R hsubstitudanie banded amy )mgl-caﬂbon atom on
ﬂ%%pR(r;lng. For example, where one R, substituent is present in each Cp ring, it
may be present at either the a or the § position with respect to the substituent R,.
In one embodiment, R, is present at the a position, meaning that the Cp ring is a

1,2-disubstituted ring. In this embodiment, the compound of the invention has the
structure according to formula (1A):

Ro

e
-

Ry

Ra

wherein M, R,, R,, R;, R,, R; and R, have the same meanings as defined above.
[032] In another embodiment in which one R, substituent is present in
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This vinyl radical may be substituted or unsubstituted
at the side group RO. Both cis and trans isoners of
W0 b@sa0e3yt group with respect to the netall oceP€eT/aGzhof600120
noi eti es may be present in the conpound of fornula
(1). Alternatively, Rb can have the structure
according to fornmula (MA): or the fornula (MB):Rc is

ea@htdzgrnrag fmdrsqﬁteeeﬁt aMheop p@sfﬁoih hrfedAfngp itk eékEH)@)P ring is a 1,3-
each of whic %ﬁ e optional %esubstltut ed.
(S

dlwb@tsmﬁmflﬁﬂnﬂnt ewbpétmerét Semprungd @fdéeu lﬁéanh@n has the
pendent ly selected fromthe

St@%@%@é%s@ﬁﬁ%nhg ogen atom nethyl, ethyl,

propyl, iso-propyl, butyl, n-butyl, tert- butyl,

pentyl, n- pentyl , isopent Ro, n-hexyl, i so- hexyl. The

hydr ogen atons of e arbon atom of al kyl groups can

be optionally stbs ed. Eagh oﬁs t he,se al kyl

substituents can b ny SU|| s ructure,

i ncl udi ng strai ght chai ped—or 5’% structures.

[036] Each Ra p n the umd of formula (1)

i s independently se : Tths mBansft hat a Cp ring

in the conpound can havey for exanple, 2 different Ra.

In addition, Rb of each rRng are al so i ndependently

sel ected. This neans that Ra and Rb of one ring can be
whereirs MeRaR.0R, dRE,flRy amd H, havetthe sRmeamebeRiings s defined above.

a r rin n, formul ol Wier e the bst Lt ue of
NS " I bl M@ Baftybits L GiebEr, RARH R, FBRBu8Nt may be
pr@ﬁé]ﬂ at ftlﬁ@ o pbsmoﬁamms réér%ct QOQhéleﬁu@smﬁerheRb,frééultlng ina1,2,5-
cl gpent adi ene t he ot her

trl@mwt%m RS DRB ey o HarubalieRet 1§ ket ah s position
Hfé%t Jns\4b8é(t‘ed”§f e %?Eﬁ%n‘i&{ AR T8 Sect to the

ere %oth rin ? ave identical substituents, e.
substnruentnlas resultingniyl @ yic? dpidiaubstitaies Cpffmgoﬂr;?o@n’h@ﬁuflﬁtl’wted and

| YTl O TRt o KR € moounc or o

inogrttiomal | y substituted carbon atons refer to carbon

at whe 0 at o onded .t hereto . .
I3 o Becb i T s T SRBER bR BE = v sig aroup having
thé §Girhud @: to aromati c residues such as phenyl,
napht hyl , benzyl, -NO2, -NH2, -NHR wherein Ris an
al kyl group, H H

[ D
v w Vg

This vinyl radical may be substituted or unsubstituted at the side group R.. Both
cis and trans isomers of the vinyl group with respect to the metallocene and R,
moieties may be present in the compound of formula (l). Aliernatively, R, can

have the structure according to formula (l1A):
Re

———C——C=——CH,
H

Re
or the formula (I1B):



10

15

20

25

30

-COOH, -CN, -OH, -SO3H, or hal ogen. Hal ogen as used
herein refers to chlorine, bromne, fluorine and
w0 oesnen37f 038] Speci fic exanpl es of netal | ocenkCT/BGHNN5/000120

can be used to produce the cgnmpound of the present

i nvention include, but are not Iimted to: Ferrocene or

ferrocene derivatives such as nethylferrocene,

et hyl f errocene, propylferrocgpe f5tylferrocene,

frt butyl ferrocene, 1, 1 '- d°netjfylferrocene, 1,1
"-diethylferrocene, 1, 1 '-di|propylferrocene

vinyl ferrocene, 3- nethykvmmﬂan oceheE—CHa
3-ethylvinylferrocene, 3,3 4|net yl - Ulnylferrocene

3,3 - diethyl-vinylferroceneg r g, 1

'-Bi s-vinylferrocene; Cobal t oCene ‘or cobal t ocene

derivatives such as 1,1 '-dinethyl cobaltocene, 1, 1

Rd 1diaﬂhbyla0hymbgen@tem,br alC1-toi G6lalkyl group, each of which may be
K,e{)ro éaobal tocene, 1,1 "-bis(1 -
'?ﬁ? WRﬁWE al tocene, vinyl cobal tocene or
[o55]Y! vummhé@ﬁbé&m thb"rﬁbi%h@ﬁﬁ‘(iarﬁf RDBSKRARIERNA formula (1)
derlvatlves such as net dzfrm ckel ocene,

aret ﬁ@phnaaep%@wly geesiachfrerethe @reup po;]3|stmg of hydrogen atom,

| [ C - -
me VTR Brosf, SERBfooyt! BT LIS & oy, pentyt, n-pentyl, iso
pedtetyl, viathiexyk |sofhe>qls Tha hydmgnn witemsooieacdis, carboh atom of alkyl

groug%' Sé%g/ Pghgpg,_pg‘@gﬁ sq}f\:;?m%@ l?%%@gﬁ@é]%er afkyil substituents can be of

any suitable-stiutylire!) iroimding straight chaineensr ranghed shoctures.
noce

o 436l 1 BaghoBe SsORip! s cOmBoURA. &5 omula () Is independently
se%ﬁﬁid“ﬁhlé! InRyA e e @benn§ i %ﬁ@‘é@ﬁﬁﬁ)% éah MRECHE example, 2

derivatives such as neth |tanocene
diferentihiet In addiione Rbdofoaaw Tingt amamelndependently selected. This

m&LY Gthh{ RLahE™, of ors R Q%éhtﬂaeg MROSHNE as\GHHIHBRGRIr R the R, and

vanadocen@ “derivati ves
Rbloi aritingzt tiyg vra ferduda (b, Where'thdistibistitueatsadd opeering ate different

d:jilé)é' %ﬁﬂ%ﬁ%g@eﬁpe\/b Hél Vit adﬁgsegﬁe%is[j&ﬁqgne ring can be, for
ex@lhpk:ﬁta warsyl %y@lbmtédléne whn@tHwbmnmean be an unsubstituted
cyclgzclar?t%rgltl)ecn%n%hger‘. ben%ga %nya!lswn? Ie’?rlsc %%%epound 1-vinyl-metallocene for
example. Where both rings have identical substituents, e.g. both rings are vinyl-
cyclopentadiene, the compound is symmetrical, for example 1,1'-bis-
vinylferrocene.

[037] In the context of the present invention, optionally substituted 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, -SO,H, or halogen. Halogen as used herein refers to chlorine,
bromine, fluorine and iodine.

[038] Specific examples of metallocenes that can be used to produce the

compound of the present invention include, but are not limited to:
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Rut henocene or ruthenocene derivatives such as 1,1 '-

di met hyl rut henocene, vi nyl rut henocene or
w@2008110037%i nyl r ut henocene. [039] The conpound PET/EGE05/000120

i nvention can adopt any possjjple three di mensiona

Sstructure. First, it is noted that the conplex forned

by the Cp ligands can assune a variety of rotationa

or i fyraidepes. oror feresene, Hokvdtivegs @ach beasrrmeIferrocene
a stagﬁgered configuratiaqn or in an ecli

e”&ﬁfﬁ”f%%" i OPTOPYHEITRECBE | d%t&ml EPFERur af@’gauwgﬁtfﬁ)cene 1,1'-

(OI -
dﬁ?ifﬁ%r@??@%J Zt'?n‘%“?"é‘g%%éﬁﬁe? drh ngBProéﬁhé \ﬂﬁyﬁéFchene 3
methytyitierocene; gBrethylvinyliesrorene,  3,8-dineibyl-vinylierrocane, 3,3

h b t
aigvingireodertd &, O Big el BBhe NS e o ot one
of t(meagtonggrtiﬂ a:wbal lilmepeecmmtlves sagh agmgf ’edlnfeth?mobaltocene
) . I Tl Ona I hventl on
1, B bsEeae e 1t sbi Ry Eslicckalioe S, \ant 1-bis(1-
méﬂhgxeaﬁ%o dobaitdtehs, %ﬁzm@ﬁah@éwar Bhﬁemwnﬁylmc@nb M

about 1 degr ees, e nmetal |l ocene portion
' st r"élpb‘ﬂpcen% Ofs n&?'@dp%‘@sl dgrivatiygs sHeh aﬁ§| éngthyiriskelocene,

et%@ﬁf&kéﬁ%eﬂ% @?yl@g&@dé@\b & 1b8|methlﬂfHk’e%ﬁb' C2/‘1‘]"n¥I?'1lckelocene

tal ne Igurati dn may present In
orsameithylvihyinicketaegtaind of the invention. However, the

on f “e%ohfciceiﬂf&cﬁ%@r&ﬁ@&é@%h%ifvgﬂv%%%%*?é%ekﬁSﬁ%l&ﬁ@mceﬂe,
1!b|1-lf)|é(EIr emlmthﬂeﬂwlmﬁbmnene[ 040] As can be 15digthylohfomocene,
rd| c%t i vel éﬁbonded to the di am ne

V"E)\g?'?rPB?PC eorm)mgt% Y'Hc}j EPPESEREed by the arrow The

di argip®ndeehs Ut Bl?éorﬂ)c@néuééﬂkféiveg%@}hdaél@nétﬁyl&ﬁéﬁhbéene 1,1-
(I Vkﬁ wherein n is the integer 2 or 3

digfiny#ireenpesns, d’ﬂ"ﬂé@@%ﬁ%eymc%mthyb‘élnv%qu@@@ﬁf}ﬁal
o DR e Mool et e & FBHGuElngoens, .1-
digpethyititaneaere, cnﬁubbtwtitanodmeaNkmltitgmmwmmyS-methyltltanocene
oP PR eR IR it Ry Slkn 0t P yanadocene,
1, ¢ndliethyierztioc@ieand1 R2-disetyRanhdoosissn e nddmiivansgcesrieed or  3-
methylvinylvanadocene;
Osmocene or osmocene derivatives such as 1,1’-dimethylosmocene,
vinylosmocene or 3-methylvinylosmocene; or
Ruthenocene or ruthenocene derivatives such as 1,1°-
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 variety of rotational orientations. For example, the rings can be
arranged in a staggered configuration or in an eclipsed configuration. In the
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
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fromthe group consisting of nmethyl, ethyl, n-propyl,
i so-propyl, butyl, n-butyl, tertbutyl, pentyl,

WO 2@8no0sr2 i so-pentyl, n-hexyl, iso-hexyl. [042¢T/6G2005@00120
conpound of the invention, n4s an integer of 2 or 3,
nmeani ng that the carbon chain in the diam ne of
formula (IV) is either a 2 carbon or 3 carbon chain.

otﬁéﬁrusglktsrﬁe brbothsrotdicandl Mf@”@aﬁﬂ@% mée(ﬂgnpl@mﬁd lvhaX be present
ere

m%en&e% e 05 GomPoNEyd. r/a%nyene%b.teﬁm@p%r&@f {etigvention can
it B ?t'?ﬁ Ri oW&trrﬁétQH’(g@eanc < dldﬁ‘ew Yife a trﬁy is formed

e stral ht chai n I'n other present

btheeerthedwerﬂigmdﬁeand Mrabauid 182 dﬁg@eae,hthenm@mﬂwene@ornon is

st?&i gﬁ@g@% s%%@ﬁ“l@gt%t@?t%ig tlgg%%/ ha‘ﬁz)gﬁ? Jlegrees such that a

‘benubmmguratlsn ;senb;dlnenf hEXlyér, configimetiph. nfay48k present in any

SIS 4P e SBRASh o e ety Fiofieto s cdarllins of each
cdn'ﬂ?ufeﬁﬁmtrﬂay yaky, Qi@bhﬂmé orRichorsesub an e si@rieesffect presented

aet hyl - et hyl enedi am ne,

bYI\'Fhﬁ' d'@?"@ﬂh?lanwwpﬂm%ﬁhyl et hyl enedi ami ne,
Hflg :r Lp’Kﬁt Eé(ll) b@ éegneerg :fgdnrﬁ%rrﬁura”(?)t M is @obrdifaRANBbABed to the
dlamﬂma ﬂolﬁ@nhihe thdS being pgprasentachbyitheiantow. The diamine portion

he{sgé %ﬁgﬁﬁ’wafeé@% %Bfﬂﬁfﬁ%ﬂ@mam ne, N, N -diethyl -

N, N' - di et hyl - pr opyl enedi am ne, and

N. N -Di i sopropyl-N. N - 1:!1 nmet hgl - i Fg pr opanedi am ne.
[044] W thout wi shing {10 b eL ound by theory, it is
bel i eved that the diamjne dad tlo M may act as a

mono- dentat e |igand i n NerifchC None of the nitrogen
atons donates a pair of| unpairéd gl ectrons to forma
coordi nate bond with Mgs shgwn ik the foll ow ng

formula (V) (in which tfe subStituénts of the Cp
noi ety are not shown for the sake o f clarity) by way

’ AL tively, for instance, fromth
W@éggﬁﬁg{h%ﬂﬂggg?@ bl intercal ating properties of the
Cqum]kjn:iST hef dﬂdmmenpm’ﬂonnacwrd ighyvcdnaprises twe terminal tertiary
ssibilit

ont,e t ha
0PUPS; %oﬁaéﬁi\zuaf e oipe.idaimnle V) dréieadiandependently,
ﬂCltd B akyR dtbdest Eakch | @@ben RPihe NAkyPGPOURRIAEY 183 optionally
the two term na am no
substituted, and the alkyl group may be straight chained or branched. In
presently preferred embodiments, R, and R, are each independently selected
from the group consisting of methyl, ethyl, n-propyl, iso-propyl, butyl, n-butyl, tert-
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
H or C1 to 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
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groups should each contribute a pair of electrons to M
to establish two coordinate bonds as shown in the

wo edosavdsny forrmula (VI) (in which the substit urert/SGmins/000120
the Cp noiety are not shown for the sake o f clarity)
by way of exanple: Therefore, the arrow used for the
representation of the coordination of the diam ne

ea@ﬁm@@pdndémfwemdcﬁad krbng hnydjﬁbqe@t .h@tlmnetrrymesrdp«;l bigo-propyl,
limted t eCI i c coordination or stereoc emstry

bugylt n#élits& Eertrlwtvl Paoivl. 4 BEHY: isonReniy, Mehexyl, iso-hexyl.
| tor t
e?rg %f‘ég rﬁﬂé‘c‘i ??egg%}gﬁfaélsl ch rﬂ?mﬁ?éfbvrﬁéeh %gél@mtbglé’gg the diamine
pariemina fgrimula s(I)ooscludeebLmeaeeudno’g lmrmtednetooﬂebrameihyl -1-methyl-

ety RD A e o THRET-E0Y BRLREARET *\ AP ARt R -aimetiy1-
ethylehedianfing,i gands a:NbF:‘jﬂ?\e‘ﬂW“N N Ml@thyuhf/tg?mgedthylened|am|ne
te’f’@ﬂﬁ?@b’[a%hb’gr‘@p' rﬁéapr esenc &F él ﬂ@fwgﬁk@@ed'amme

’tetrér’n%tl’ﬁﬂ-?Jl?éﬁy'ﬂkfsr*né’diarﬁ%l’rﬁaC eté‘éré’étﬁ?l Qf&ﬁyl%lﬁégﬂe‘ﬁ%d%lﬁbs ENP' N’-diethyl-
Ri gher” oxi dation state I'S nunerica

N NTailmeml pLpRylanegiamingands amd ac hé\af\t‘@"ispprqnyl&Nsdlmethyl 1,3-

| be positively charged. In order to have a
prséléﬁ?da{%moénpound the positive charge can be

nq084hl | S¥dhoyt wishing deelvee bounde byntheory oiits ist ibeliewed that the
| {
B 3540 DR 80 cT3B £ RS A BRI i one of e
nitegén etorns comaeind miir bbunpeirdd plectrioxgnpl fosmoé coordinate bond
wilth ] 48 Enaws 1o the tfowing TRES B BG1(0 WHEDINS SHBSttugnisof the Cp
moie 6}351‘& notf3hown o dake E¥Rarity) Bflvay & &amplet B
SO3 2, A 2, 104 , SA3

Alternatively, for instance, from the excellent nucleic acid intercalating properties
of the compounds of the invention, as shown later, the possibility is also
contemplated that this di-amino moiety is bonded to M as a bi-dentate ligand.
When acting as a bidentate ligand, both nitrogen atoms of the two terminal amino
groups should each contribute a paiir of electrons to M to establish two coordinate
bonds as shown in the following formula (VI) (in which the substituents of the Cp
moiety are not shown for the sake of clarity) by way of example:
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2 , HSG3 and AsC3 2 . [046] Whilst any transition

nmetal of the Groups 4 to 10 as defined in fornmula (1)
we@anwsheo3gsed as the transition netal in the nePel/bemose00120

portion of the conmpound of e invention, Fe, Co, N,

M, C, Zr, Ti, Vn, Os and Ru are preferred, as

nmenti oned above. These netals are commonly used and

have been studied in detail and are thus well

characterised. In a preferred enbodi nent of the

invention the netal |l ocene portion conprises a

?f'bP aWo UsBEeRS f?\r ? éﬁ‘i dfn fc‘éro‘ftli\ﬁétlon of the
rre

rrng car erroce
dlammleebompnendrlncfnjnmuaac(lérmcuw mmtlsbet omrestrmgd aovbemyimlted to a

SoBFiG oo TBRLAE o sferebiTerih cuR o red iyl Stz Pat the amine is

noheé‘cﬁﬂl‘énth;ﬂidhde[dlﬁﬁhehﬁbtanm presently preferred
enbodi ment, the conpound of the inventiqgn has

SUP4ik L dn AeTEPAIMENT erANesal AhardRotdhe GamppUNGkof formula
(I)ai%"}/ﬁﬁgﬁﬁémﬂeﬁne pgﬁrgfl TR (P'Q?dﬁtldho”ﬂhtes% M, M as such can be

errocene
uncbargate bhylositinglyechargad: Whesertheoexidadion] state @fiddhealances the

gt iderRiic bE iy, 50 A TR inacdfges HRaWATR S Iy Ppgsivle, for
exémmélI()lvme;/alayu’:lglﬁﬁHFt]EmnperfaMrgwrahteltpgl;]esaeﬁlg‘emflareokldlsmg potential in
a PERHAAGATH PY s, MRt T i e B RS o p highier gpddation state

thaﬁaeﬁﬁnéﬁcamv fargBy fin me rueniser GicRshdPatadidb &SR, Ihahis case, M
Ere aring a compound defined in fornula (1) The
wi

rbﬁ@@é‘zlti\/ﬁlvoc‘V@Qeﬂeé'&tqfﬁ@f o thayvgl IaoéléHHal/\mOmpound the DOSIUVG

raet
crERSs EAR°RTelality By ME Mekench O EolRERIARE 0 arg noqarvely
charded. The courdedicandarebe b)mwdms dar &g thet syrdhesis of the compound
I [ t ' | ' f -

b FAEIRE Y o BRIl A ERaRRiCA B lhfons tha are
suitalenin the inveatioedudlude SGYY, I0F, Bapj b, M.PO,, HSO, ,PF;, CIO,,
BF,, F, I, CO,%, HCO,, NO,, BrQ,, CIO,, Si0;*, CrO,?*, 10,, SO,*, HSO, and
AsO2.

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

compound of the invention, Fe, Co, Ni, Mn, Cr, Zr, Ti, Vn, Os and Ru are
preferred, as mentioned above. These metals are commonly used and have
been studied in detail and are thus well characterised. In a preferred embodiment
of the invention, the metallocene portion comprises a ferrocene, nickelocene or
cobaltocene. 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 cobaltocene,
respectively.

[047] In one presently preferred embodiment, the compound of the
invention has a structure according to formula (Vil):
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carried out in the presence of an oxidising agent.
[ 050] One advantage of the process of the invention,
wokioshoasey be a chemi cal synthesis or an PCT/SG2005/000120
el ectrochem cal synthesis ag,explained below, is that
it can be carried out efficiently at anbient room
tenperature and at nospheric pressure (i.e. "standard
condi tions"), unllke{p_eﬁ|ously known processes whi ch
require cryogenic copditions, for exanple. On the
ot her hand, dependi on the exact raction schene
used, in order t ed u the4reacd|on it is
possi bl e tocarry the ﬁeun;¢on aiN an el evat ed
tenperature, for exa frux if a chem cal
synthesis is used. Afger th conyl e eti of'of the
reaction, the proggzééian b H|solated fromthe
reaction m xture sui t'dbl e neans, for exanple,
it my be precipitated in the presence of a polar
organi ¢ solvent and subsequently filtered and dri ed.

Ad SRdlvnMef fd %@O@ f@ﬁrﬁﬁl@u rtﬁi% ERmbdfiMent comBised o IE)thlferrocene
i nventi on can be obtai ned comercially or synthesiséd.

podien pod & elramailyieitulensgiamias ROk e i nvol ves the use

ofrg ui t

adofaty’ VTR ThERaR Bl e RORHEhERCThE KoM dia of the
inverttiont Hrees aystontmee]aacbrdmgj@ foombitar (' BYdi um

cycl opent adi eni de. Subsequently, a sol ution containing

the transition netaj M %or exanple a solution of the

hal i de salt of the&dransition netal, is added to

sodi um cycl opent ? X The4 cycl ppent adi eni de reacts
with the metal tigzr odué “desi ced net.al | ocene.

(cf. March's Advanceg \Qh \ry’ qSth Edi ti on,
page 803). Substitut 8+ | | ocgnes whlich are
"asymetrical ', WwEIRNY rre al | ocenes ich have two

different Cp |ig¥wese” can 4Fternati vef be obtained by
reacting equi nolar quantities of 2 different
As ghowpeint thei atvovie formiuta, m:‘mammdimemn radmepriges ai Wnylferyocene

o obt gi nj S as cal | ocenes is to use

OH‘Jﬁ‘Qa ﬁe?'%‘megﬁﬂmw Od{ rting material.
Tf[e49]gsummthert ed aat of lthee l’rﬁ‘/eﬁﬂﬁn bés rdiesdted 4 teh pﬂocess for
sui ta

l e al k _V|aFr|e ts al kylatio
Prepating @ m%@oﬂ% 060 3 TTBHIRYD od M PEPCSSS invoives reacting
a metallocene which corresponds to the structu re of the metallocene portion of

the desired compound as defined in formula (lil), with a diamine that has a
structure corresponding to the desired diamino portion of the compound as
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 carried out efficiently at ambient room temperature and atmospheric
pressure (i.e. “standard conditions”), unlike prewviously known processes which
require 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
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e.g. H3PO4) to obtain both nono- or N, N -dial kyl
substituted netall ocenes in the product m xture, the

wo coosa003pei ng the asymetrical netal |l ocene. Eap®i1/$SG2005/000120
net al | ocene can be separateg. wth via any separation
techni que such as distillation or flash
chromat ography. Metal |l ocenes suitable in the present

carrg VRttthe Red@ibnaatsth bl@vawdaveﬁqsbramrdemrexbmﬂ)lenu@er reflux if a
7,298 and GB 896,391 , for exa If it is

chgaysaleayniie b isiused. Adekthe @@ﬁ&?'%mﬂ A ﬁhﬁ d eQCBPnBthe product
canUs Fstft]Sd"'?r%ni ﬁe%%cﬁén Hﬂ%tﬂré’ﬁyﬁ?]ﬁgt aab!%lﬁﬁ%ar?s‘ ?&dé%%mple it

ch em cal synthesis procedadur es nown f'romt
maytbeapmomltaied bin fiblel qpresendeorofesaanpdlar orgamiRb sodvent and

iLnyl Lt,is desired to obtain a netall ocene
Su}shg%‘?@%@g@%gﬂr@@em Ra is directed to the a

ﬁqe51]i on Métgltbcrmp@ﬂhb pdundthait caa. bauezt!ehh thmen?mnnoln can be

avi Stit ng accorading to fo a
obRaefl sl P SYEh BT R PRE RS e gBiGH Synthes's route
mﬂﬂﬁéé tHeeekd o @éGﬁéblé c‘y@bbéhﬁadﬁ‘erﬁ&@%? g@l%entadlenlde derivative

Tet r ahedr on:
asy asﬁiaﬁtngv@at@faér $ﬁdl§l§n d$ tr@acteﬁew@h rthef eiclopesitadianide to form

soplfth EfbrehBIUE, SUbRaGudl, ‘@ solRbrf BoftERinPHo trefisiion

metairrm,ufmisexainpleea psodaﬁmmt of theeinalide sadyobme)manmm bgpetal, is

B o 5l ontiurrer SPhlobkndtichyfocreap cwitn e

mét;]be tel preldude me Fﬁsm@ T?Mllbeem@ggir;emﬂ%ﬂcﬂis Ac:vanced Orgamc
0 e a

CHatBR, 15y EQloD; HA0e navehy SObElpdgmetdlogiied whith are

agwhﬁalelt ﬁreahfng rtne'téllo@éﬁéé %lérpha\bé G owffé?smldp)ms can

whi ch the substituent directed to the

altpmttwedm ba _tCPbta'é\@ﬁe@N tr@acntmg |ewlmglareﬂaanwmeoﬁaa! diferent
cyBlobspitigibes.. 156, RFPRS AVAMANT SRty TUt ° oBmir, such
asgaTgaetmatrabta'llosenés (id0de mmsm&uteﬂ méetajlamene &harstarting

el 2008 PR e et R T B S G T bl e
hahdes\ﬂafmredtehergman@uatm (iéqamﬁgqheqye@éncél@ﬂ a\Bohs® acid
o S8 38t s MNPl Shet e Rlopengs in the
prBBUST idkiurd&he former being the asymmetrical metallocene. Each
metallocene can be separated with via any separation technique such as
distillation or flash chromatography. Metallocenes suitable in the present
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 or both of the Cp rings, standard ch emical synthesis
procedures that are known from the literature can be followed. For example,
when R, is a vinyl group and it is desired to obtain a metallocene in which the
substituent R, is directed to the o position with respect to R,, i .e. a metallocene
having a 1,2-substituted Cp ring according to formula 1A, it is possible to follow
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vinyl ferrocene can be al kylated using a suitable
al kyl halide via Friedel-Crafts al kyl ation, for
we@nhis72 The desired netal l ocene thus produceRCT/aG2008000120
separated fromthe other copgurrently produced
by- products via any suitable separation technique,
e.g. distillation or chronmatography. [053] D am nes
thé f@htr@sﬁs $@mteabé§:rfbw mse)rgamt: hestiore e 62001 Y767, screwahedron

bt ai ned commerci a or can be synthesised t hr ou
Aﬂyﬁaﬁﬁt%%ﬂ 29) Z?ﬁﬂ%‘?}ésp% the J?é%eCtWGr reé&r&'?ﬁﬁ%é citedl \%berem for

1n§t5ﬁ9%e useﬁa &Bﬁﬁ'ﬁétbf‘(?cé?'g derigatat g.@.ndégﬁlb?éd‘ﬁhatthgéb two

can e eXa a known Iam natil on rout
refesencas dtial t camy oeammybzsmt@e@@s conpouhdsblof dbed present

inyiis R oBlefe s i Bane e Bbn A pgtianaliny, ing 2 c-C

dotiblerbord byxmneﬂrneds dxnowplin thé ast. anexanapleo the aldetyde bhketone

my BedpanHoR ayospharase Aealivi Al S8 10 @ inyEReup via the

WHag§ réediont HdreBy dbftalﬁﬁ\@ éelwpﬁié@élk)%@né Nk ishRsiiesd f@@btaln a
tertiary, di am ne havi ng structure of formula (V)

metafoegns inawhish tmpﬁﬁbawuanwg is@irgcied tq te P papitiery with respect
o818 B pEefe FRSIHLPA s sobuEld CRin B85 b formula

lIB; dt isi passibie torfoliow the esyalivasis fouteptesaribed gar(Drganometallics 19

RO R % ) ST roncesct

th&earnpﬂoeangtfansel wa!@rﬁama@lw it ahigrhini alse Wev poksibihitoh usenfor the
be usedﬂénclu

g%r\%@m SomPoHads ohineprPRlio ARG RS oLty baes HBStituted Cp

ﬁ‘*%ohﬂn@rmﬂyhé{?éﬂablé’Wﬂ@-’fé&’rocén‘éoaﬁ’@@f’dmhg material. The
but ano ent anol ‘%QAO ent’anol hexanol

vnag}dezsﬂ@em@am becalky using. a&@é@@ﬁ@kﬂml@ﬁéﬁ%rﬁﬂédel -Crafts

alkycntt B Bhfibie; The MRRDACHRERIockn B B dfibtaced can be
sa‘pamtadyfrmhdimgygmeé m?a?rrenl'lthy qbetbtjeuued by&prcac:hlmgs a\1/(|:fa|1 OI2ny suitable
se@%ﬁ%{ %ghéqé%éisdoﬁt@%@? gﬁ&“%&@@ﬁﬁ? f the present

i rmBB}I om.anmémnarn&ﬂaesummledbemseaml theoprocess may also be

el ectrochem cal i ng_on whet he hem ca
oQ;aqngpSlclqgwmerc?aI,yy or %e gsynt esise hroug% known chemical

synthesis routes. For example, a two step process consisting of 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
(NaN,;) and iodosobenzene (PhlO) in acetic acid to form a primary diamine.
Another example of a diamination route is the dimerization of irmines to give
secondary 1,2-diamines. Once the primary or secondary diamime has been
formed, it can be converted into the desired tertiary diamine having the
structure of formula (V) via alkylation with an alkyl halide. (cf. March’s
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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agent is used or an el ectrochem cal oxidation

potential that is provided by a voltage source is
wais®d/10§3056] I n principle, every known chen caPCT/SG2005/000120

oxi di si ng agent (nolecule of; conpound) may be used in

the chem cal synthesis of conpounds of formula (1), as

long as it provides a suitable oxidation potential.

polax@ rﬁ@ s@fveﬁummmed ithé m@tmE&amle@o@f Swableipelam @kganic
ed .to, H2CrO Cr 08, KMhO4, Na2S208, O 2

solvgntsHmdnch 19t besused daehidenshert, oRdmng £halpry, o@rrarm?d or
unﬁ\%ﬁ%hean g &f fc,é/h egygﬁéﬁé'& Hrof & H© RBEhERME YN Ithanoal,

p resently p xi di si ng agent conpri ses
prqapan@hl fas@pa@panol,prd:\utaln@ a pem‘a@bl e ofyeppemnignol, hexanol,

oy anSiiid, Sabfed o 1aretbngm B bRsLAFY 208 tanedione, 13-
hemrielﬁsrhel,rmmmahcbmi)e mniwhydmﬂ (egp dsalrdleiebyde 0 Zrgthiirexanal,
soB R RIFong SENBISIR CBRURedr SONGTen, cRdnYIacetyehydep-
tol@élé@h*&é)ec%r@bx?l?&%did@k#tﬁeﬁ*g ard ahligeene are fi rst

di sso in a suitable solvent, for exanple pol ar

ofQfsli ¢ Ebe\/éﬂmp@wn@ @fq@'é%uﬁr%ﬁﬁi iREBEAN 2 cAN neesﬁmthe&sed
ch«?‘rgl}éérll k(ic%&ﬁ A gePﬁgﬁgg%ﬁ%ﬁ ﬁ%rdh”éhérﬂlca]l oxidising

| ution ternative
agent issuaed;@rpmsslaﬂtr@chenmai axidhtiopopoteniial ihabis mowded by a

e ven or to adding the required netall ocene
Voﬁébq %@ r&‘g '%\'7'%"# Fi nal | y? t he OX?dI sing agent is
;’i t OLn prihciples e\laey ¢mog|lmt ?I@emr?nbl olsedisiigildgene (molecule or
e or a, cogpound of the invent.ion.
colmBRYTED B1oot PRueRa e Hagmica Sy risesia, i sarapBeas b ormula

(1) rﬁé%h@”aémb’ p?&ﬁ@é‘éjauﬁﬁlﬁht:ﬁéV@)Eléétldrﬁ@cﬁbﬁtlaﬁUEﬁam |es of such
enperature, the quantity ofreactants added to t

oxndm RgaNts ikelude, but are nqﬁdlrﬂléﬁd 10, wﬁgQ@&BﬂeoKMrsO4, Na,S, Oa,
d f f 30
cISaL £ Fﬁ\?;‘gahﬂf“géggﬁj%?%%r'?%@ REIAS) rllab”fb oand AgO,

Houf's,” ‘teacti off tIme
case ©b the syptiesig obfrocanadwimpaundsp at e ssrdiv plash‘erred OXIdlSII‘lg

Rt Rl Se Ebd Senfo R BRI SRS LAY SRk o cary
outlties treactis Exdmplestsf. persulfate salts include ammonium persulfate,
potassium persulfate and sodium persulfate.

[057] The compound can be synthesised chemically according to the
following general procedure. Stoichiometric quantities of the required
metallocene are first dissolved in a suitable solvent, for example, a polar
organic solvent or a aqueous mixture containing such 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 to adding the
required metallocene or its derivative. Finally, the oxidising agent is added to
initiate the oxidation of the metallocene, thereby forming a compound of the
invention.

[058] The length of time that is required for carrying out the reaction
may depend upon several factors, such as temperature, the quantity of
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In one enbodi ment, the reaction is carried out in the

p resence of a support electrolyte. In this case, the
wezioditeisny agent is a voltage potential provi dedr/bg2086000120

el ectrical source. In the glgectrochem cal nethod, the

vol tage potential may be provided is various ways,

such as by contacting the reaction mxture with an
reaRtAs ridedt foathe feawunlmokture ete Typicallyy ehpoleaction ds married

vol tage sour bI
oute et By BERA hemBaetnasn Juih 0. Pk, BRTH 1opggraar shorter
rea-Eﬁbhqm&h%gHPét? yawReyaf | uorophosphate is a preferred
ro

ort ele yte in the present |nv ntiaon,
o[QSQ;jnbokm anidition m]ms ch@nmhﬁmnthS@fme d rﬂ/!,ﬁwéﬁserilqsgb'e to
syrgﬁgg?g arﬁérrﬁ%nge fpth GhrBLLAY ﬁ%htrbr?‘v%r%'éfebﬂfbbﬁémlcal route.

Cl p |ng agent can be any suitab
In pRkasmbodinrert, shee veadtions isdeaiedbaut inbiteep reaemc%n@f a support

ace Qne, O t hyd Th
SS5oRck" b Bete) 18] Sad S Yk ARFY 67 o
anpéléét'rl@hF déect i Herdieetrochéintral atetiied ythe woltagel ;mlentlal may
possible to add the reacti n m Xt

berprevidertiavaneuayeNs. SY@6as b qopiaalia t %55@&'81“ b with an

t f
eléfc?%?j'é fh%h? |§) LSOLfBIé(E% fit ges’hgﬁ r?é’f‘fﬁ’; ta Egﬁ péﬁggggegfp‘ny type
of tstwtabtwenppmhseleahnoly’@ R benusedh a&bﬁéaa-lnghnﬁgf@b NaClO,.

el S8 PR b RharbsBal §5F BRHoR Gy ich ot i
th? Eﬁemm{enuagsy?t hesis of organic material s, aé .t ool
no
| oBh SCh Bnd ShEAERETED Bl BB FRLGt Rp8L mypriion s
folny&® it rrieQ/E’Bé pre@EipEgtedtine pﬁédlp'ltmlngca‘gmwmﬁhenbredl;atatmg agent

coivs BB Ve o Sl AN AR deserioER b v S e acetone
or} q%ﬁéﬁ?%«% gfhéé%dlﬂtéiing%@éﬂtcﬁn 56 @aead &l irbbdy to the reaction

i ca vant age erties of ferrocene
mntturevlat drdes threupl’taﬂeethawEmd&l@P tAltareativaly Helsealso possible 1o

'rclé%%:iﬁms y p% ﬁ,gqepvﬁgglt(f t%l%%wﬁa{lflggba redgitl oni ¢,

pqoem] i alA dfirtPA0aspediOft thé irmdeatiow ds tdireste dglorfj® uses of the
compound of formula (I). 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 control, in the
oxidative synthesis of organic materials, as tool in molecular biology research

or the 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 that can
be harnessed for use in biochemical and catalytic applicaitions. Advantageous
properties of ferrocene derivatives which make them suitable for these
applications include their water solubility, cationic, stability under ambient
conditions, and a redox potential of 200 to 600 mV relative to an Ag/AgCl
electrode. Metallocenes have important applications in diverse applications
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el ectrode. Metall ocenes have inportant applications in

di verse applicationssuch as el ectronics,
w@b@sremseut i cal s, adhesi ves and tapes. Ferr oceP€BE$G2005/000120

ni ckel ocenes and cobal tocengs, for exanple, are

i nvolved in applications such as polyol efin catalysis,

bi osensing, thernotropic liquid crystals and

suﬂ@lnaél elie@’goni@tsl qsharmaaéaﬁcals hisihesivres ramdl tapHS &edocenes,
mal arial dru

063 |
nickRlsenas A0 CaRaNGRoBRS 1Bk SRETRIS G oD D AEaligations such
as%l%lbﬁﬁ%%lgﬁgpﬁw&@ﬁsﬁb ﬁ%rmdn@p(d Iiquid orysthR andchéh-linear

intercalatin lustrated in the exanpl es
opties,sliodes; ﬁhmrfémaraﬁx@ta@sar@( matarial SRSt ent

I g
pECS; B ShBEesshit plitefifsinbodflenf the heEnon SBected
to Bituske pf metalldueneasenpainds aitforrsulan(t) belrawiéic agid intercalating
caeh st ARORB5 Bt Boh. AR 0ol BB ten
mtért,fénat#@ aumtmbu ﬁ@@l@lc &H& a@m@xésznnr anay drel nuds}merme once
lies of initiate i cat
VRSUMED A i paiatarviR dha DAVA Sl 016 BasEPAES BPoYe ] below
it ?@Prb‘&‘ékfeﬁ i Tonkém détli'f'n Wbﬁﬁgeab?ﬂ‘utté“@%foriécf@mnﬁehx thereby

rrocene conpounas nventl on can
prexintingst assatiajoranyitbui engynees osueh f ap eRBipl élehcase DNA

h
BB BB sese” AL AL MPhhed et mitate DnA
repkoatioal fos Rbmorsymthesis Pahyl h dotein 2@3(@9@@) 858882ml’ung cell
ol OR B HRS58 St SSabPOSh bR ebouncs o
thé\%@en’i%( S84y be éarrﬁrssteeéui by- arfy same chete, fér eRainE9 Lorally,

-1 12, for exanple. Accordi n;]:j , the |nvent|

lmé@‘é@QHish’ecpéd sucutapRavsic ellig cant-tymRyi gty of " ferfocene
(Y 9gén &I Letsbrid frPPUwph%df cﬁ 285000k} 828-809 FASEB

rapeutl uses o oun I'n addition
Jmmalrm(meswartmtedlﬂ H&ﬁ/boad]ﬁéir&fjeau Msdp amn2002, 45, 5786-

78 APEGUGE BAMIEE Ao % 200022055 B 00RBeri5RC Gho.
41®(1l 99&)!1 on- 10rf2 dof exampléafstyrdinglpxhddtivention Ollaralsmdlreeted toa
na t, e

phaémg\c;épt@ q%p%%l{] %n\/\%gbf%mleé% cégn%%hg'lecp of 30fmula (1), as well as

the therapeutic uses of such a compound.

[064] In addition to the above describeed biochemical application,
ferrocene compounds of the invention can also be used as catalysis. A
preferred use is the catalytic oxidation of amines. Catalytic oxidation of amines
is widely employed in waste water treatment and th e removal of volatile organic
compounds (VOCs), hazardous air pollutants (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
towards the oxidation of primary, secondary or tertiary amines. In the case of
VOC treatment, ferrocene compounds of the present invention can be used
tfraditional two or three-stage odour scrubbing processes. For example,
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conmpounds (VQOCs), hazardous air pollutants (HAPs) and
odours fromindustrial exhaust gas flows. Both
wa@ppbkilesrt ons are required in a | arge nunber O0PCT/SG2005/000120
i ndustries. Ferrocene conpgynds of the invention show
catal ytic activity towards the oxidation of primary,
secondary or tertiary amnes. In the case of VOC

ferfocend enivativey Oﬁwmvenmo uadSbe;)ﬂlréd‘tW ipradsdad in the scrubbing
|nv&nt|on can pe used traditjonal WB or three-st

liqusHo P'Q%Wuk‘}SPﬁ'&“BQ Rle sl SHiphlER,AHY teed gBoifie TSt stage
scr9815lhﬁabr‘o\é%§ Fé?ﬁ‘o\}é“é‘?ﬁ}hbﬁi& ﬁﬁﬂ Vfidilis’ eFhihBs! Whéﬁet%ed in

e scru I quor (typically consisting o
watgr [trgasment, ﬂharferroaen@)conwndﬁ qamebe direCtlyt w&ed into primary,

r r a ar S
sedfoHRe’ et iGEdidel JrRMEAT B YU thOH? subsequenty
precipifatechasd cemobed diar seditngntationdori fittratignr Emak ihen recycled.
secondary, and internediate treatnment plants, and then
subsequent|ly precipitated and renoved via
sedi nentation or filtragEXAMPIESt hen recycl ed.
EXAMPLES [065] In the foll ow ng synthesis exanpl es,
el ectrochem cal tests were performed with an Autol ab

p t'lﬂsfr?é /f&ﬂi\mﬁgf%}rﬁﬁeélé'%kdﬂﬂplégd%f edti6crEiiRaf tests were

rpose e ectro systen1 GPES nanager ver sl on
peﬁormemmtbm iutolakl pqtenmstai/@alvan@@at: ainningowader theggeneral

pu@gg%%@%@gwgnplggl Wsﬁ%%ec-gf ) ca eg r\{B\LNor nnlf@ W ESnventional
threé@dnotmdie ¢ellyrdonsistingeaf ar A@/Ag@hie)fgmerqtéa:tmib ,i an platinum
| tanmet.ric t t
wirb gL 1o o BRE s sy s9ot o ia MisElthg purtace area of
7. ey Wé@'e?nﬁl’@y@d AAr {eraraehdtric aeip@mcémﬁoe(;ontroued -potential
el ectrochem cal "cell. The working el ectrode used

coylpmedyeand preparativgeorirpligd atential @lpediolf sisgvere poff@aned in a
tw&ﬁh%m%%?t Efécﬁ‘ob SPftaAeLens fle 1w@ﬂ%n$ “ei‘gctréd Orﬁrs'eaalﬁn the

ect ro e was used as the reference e ectrode
ele@trpbrssswasm aasemblavwamaﬁmgr@) thrae golbeioiaied siligon wafers of

.ix%e Sl eelr‘%&g sﬁeéﬂéﬁi@h I]éacﬁ%< ngq/%sn%§g5‘”8§rtr?en¢eference

electreder (Cymess aSystgmshetsawrenfcea K8phThei daodrking sarad ereference

rrocene derivative. VFcT
elec? odes were placed in one chamber and the counter was in the other.

Example 1: Electrochemical synthesis of a high oxiclation state ferrocene
derivative, VFCTMEDA

[066] Sodium persulfate salt and vinylferrocene were purchased from
Sigma-Aldrich (St. Luis, MO, USA.). Tetramethylethylenediamine (TMEDA) was
obtained from Avocado Research Chemicals (Heysham, Lancashire, LA3 2XY
UK). The weak acid ion-exchange resin used in column chromatographic
separation was Amberlite® IRC-50 (16-50 mesh, Sigma-Aldrich). All other
chemicals used were of certified analytical grade and all solutions were
prepared with deionized water.

[067] In a typical procedure, 20 ml of 0.10 M VFc and 0.50 M TMEDA in
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[066] Sodi um persul fate salt and vinylferrocene were

purchased from Sigma-Aldrich (St. Luis, MO, USA.).
wdaedsansrhyl et hyl enedi am ne (TMEDA) was obt ai nedT/B6m05/000120

Avocado Research Chemi cal s ysham , Lancashire, LA3

2XY UK). The weak acid ion-exchange resin used in

col umm chr omat ogr aphi ¢ separati on was Anberlite(r)

adeﬁﬁré@oﬁtb%ﬁ@ 0TS M TEAPRE- A @Upﬁdﬁ\img%léc’@élfd@ was electrolyzed

chem cal s used were of certified anal ytica rade and
at4).40 36| Rapid rﬁ@aseetrenw@wa@osuﬁtmne@@ mﬁ eaaraﬂgd@troly&s period

th%ﬂ@g ﬁbﬁs@t#AxFré\@é ne cgv‘%\gﬁ F}l%fr:}bg (Pq@ r& #EA%(P}OBU& on the

elatipgute sungcel dus rtol |;a dowesolebibityt ﬂeﬂ@mgdoaelemm:me/fouhng and

pesRlefipf; Vs CeBOAR madkts irn, MyBsehit ey AB i syrrent had

dreps&@m |dgsoitab 24 of fite Hﬁtlalfvalll@dhételémrdw@s wggtdbﬂéﬁjered as
ur f ac _Euet its |ow solubility, ]eadin
déh

te@m@@t Y% einthey £legtiolyzesh soluignc wes %@paraéeedunder
redﬁcé’d‘ ‘”bgﬁat GO gl off 5.8 il rWaH@WW&é‘tadb%Qj %Oﬂﬁ@%ondmed

| ess t 2% of the initial value, the electrol ysl s
Teﬁﬁgec hsoiluble septagak wagifitarashoff. THae §©IU¢@ mtasAdclrd ’IO a 50 ml of

B L I e
d(mel byl m{n}mlbplerwaﬁed ldéssol\rdig?aniatowenm’eelpltag?gﬁclbs Biedompound
T was, a
wagy i pEtesh vt BOWRLL Shremeorshe o i Ammheritey 1RC-50
WERK a&idC@hLé)(Chmgedéﬁm Bsingd Bicohiv meas the eluent. The eluting
di ssol vi n&oacetone pr eci p! tatin c%cl The conp

PrReess Wash nﬂgqu‘ ?@?ﬁ@? BENGNM, tt%gﬁQHﬁﬁB/ tb@e@'“?ﬂ% when
voﬁﬁﬁﬁhéﬂrlbeteéfQ sﬁcﬁ@e@?ed@)@‘écﬁ\ﬁhé’s Lo p; Qhaé?ﬁﬁtrfé%ltﬁ‘tm% process
usi ng el uent. The &lutin

wamom@deltaﬁk’r@obesc@mpiaied ewhetmﬂhlewolt@meimoaak curneuts dropped
I t e 46 .t o)

o i o0 s ARAFETER g B AES 88 et was tner

nearadizele rwith tau $6%C @amrnenizd svmblont ard veldpomaett | uindewrakeduced

currents dro by, nmore.than 80% as co ar to the ..
B b Her R E e A BROBm ST RS GPURD Fewoygh Aegetitive
wasHiig ammanaade@bné/mmramdar@Weabeﬂﬁew@@rd rdz@lm%h was then
ressure to near dryness. Ammoni um chl orid

disgalyRa dn thP Juhvatahand; prgsipitated by slowly addmg 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
derivative, VFCTMEDA
[068] The VFcTMEDA compound can also be chemically synthesized

as follows. Experimental reagents were obtained as mentioned in Example 1
and tests were carried out with experimental equipment as memntioned therein.
[069] 0.20 g of vinylferrocene and 0.60 g TBAPF, were dissolved in a
10 ml of acetone/water (3/1) mixture. Then 1.00-2.00 ml of TM EDA was added.
To initiate the oxidation 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
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washing with an acetone/water m xture. The purified

solid obtained was then dissolved in 5.0 Ml water and
w@e@siimi3vat ed by slowly adding 30 m acet one uPdEBG2005/000120

stirring. The purified prodggt was dried under vacuum

at 5Q0C overni ght. Exanpl e Chem cal Synthesis of a

hi gh oxi dation state ferrocene derivative. VFCTMEDA

d bnaﬁwg Vﬁﬁ@ﬁoﬁ%&ﬁuadmesarbfmxéa BF 6 BRUERhIMOgen. After
hesi zed as foll Experimental reagents were

é
cas ﬂa; iRy regcmtha was Bddesl drap-hydirepsios20@rmel  of rapidly
st{f%[er%@éﬁoﬁﬁ&géﬁregp%%ef of ~ VI Q&I“fer r o E%Clangw%%wghed with

acERE-andepurifitids by Inwdtiple rwateft@ssbhmﬂg acetomeepmtp@atiﬁy tycles.

Xt Then 00- 2. EDA vvas dded. To
Fritfar bilicatoht s Rifed ol wiihy 14 GalntR® shioTetaaiaphy, as
dehilsth @bov. TheSPudied Pm@mwﬁasem@erowuf aﬁ@ersoéwuﬁﬂ at 50°C
was, added to the reaction m xture after

overaighl A diaicah yield ipehiavad: incthenprasent swamsaﬁ mstla@df wias 40-
e under nitrogen. After cooling, the reaction
m xture was added drop-by-drop to 200 ml of rapidly
stirred acetone to preC| pitate the conmpound. The

19 |Bbe&a'% ferrocene

dematme \FEu-EbhaMMDrogwmedaammar(TM@cDmnt Wlth t he

0BT © ESSBIRR SR b odfofoesiiahars suencusl g Sigma:

Alﬁrlbbi IQSF alujg,ipbd UB‘AW eﬂéiﬁhméthgfiﬁ%ﬁyléﬁé@bnﬁb(@@wm\) was from
was 40- | ect rochem cal

Qﬁadﬁeﬁe%eafph &m@ﬁa@mﬁh@w Lapeashitg, LASAXY UK). The weak
?éi%{c}ﬁénp%(FFesTr?t ﬁ(‘ﬁe'iﬂwéd?urﬂﬁyhﬁﬂﬁﬁélﬁgl'% é A Mation was

er su te sa t and vi nyl ferrocen
Arpabed etRG‘DfS@n(H?{yﬂameshdrSlgma(:Sldnch)uAll ofber Usem icals used

G P AN LS BB TR 8 SR ooz

wdlee. weak acid ion- exchange resin used in colum

OB bR st BRedre o' Ref B0l Ve Bheichh 8 EMRDA in

acetone contalnlng 0.10 M TBAPF, as supporting electrolyte was e lectrolyzed

at 0.40 V. Rapid mass transport was sustained in the entire electrolysis period
through vigorous N, purging. To prevent from building up of product on the
electrode surface due to its low solubility, leading to electrode fouling and
passivation, the cell was placed in an ultrasonic bath. After the current had
dropped to less that 2% of the initial value, the electrolysis was con sidered as
terminated. The solvent of the electrolyzed solution was evaporated under
reduced pressure. An aliquot of 5.0 ml water was added to the solidified
residue. Insoluble material was filtered off. The solute was added to a 50 ml of
rapidly stirred acetone to precipitate the compound. Primary purification was
done by multiple 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. The eluting
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were of certified analytical grade and all solutions
were prepared with deionized water. [071] In a typical

w@e@saosre, 20 ml of 0.1 0 M VFc and 0.50 M TMRDESGZ005/000120

acetone containing 0.10 M TBAPF6 as supporting
electrolyte was el ectrolyzed at 0.40 V. Rapid nass
transport was sustained in the entire electrolysis

pr@@ésswvéshrrwﬂbréd aw&@éhé&:é&!wlswma Qor&cﬁké%mhé nt when
bui | di ng up of product on the el ectrode surface due to

valigmeiiicsisstmshowsd redaxiastvities @it ds9% dcanihe slytiagdrocess
S BRhSablT o b BBl il BRI Br AR AT S gpppoc

byt hworerthan aBO%,aBsne:,ompaafedltecmeolhlglaest values.oke dduatt was then

t of t t I d Ll
neuitete0d Bitn, 4 5 % aninonl. sblfioRs e VeIt itep reduced
présﬁjr@itov»wéaﬂdryﬂéssadxiﬁmdnmmfm@ﬁde Wakireshovedithrfugh repetitive

soluble material was filtered off. The solute was

wg Bg Wit anseeefeneiwateipmirtyrest The pyriiedselid gtyained was thien
dl§§(§l\‘?é 'lﬁai‘; 9 hh‘%veﬁ@ﬂ@ﬂﬁ”ﬂre 5;{) 1&@6 %WEFOWI*%H&H‘ 32ml acetone

done by multiple water dis Vi ng-"acet
urmeé@tlmngatThegow;f@ueyodmewa@ Apednthdenyacuumtai50°C overnight.

purified by colum chromatography over the Anberlite

(r) IRC-50 weak acid ion-exchange resin using a 5.0 nM
Ex#tthpbes 4heCheémicdl. Siimthesist iofoer duighs oxddationi stated ferrocene

[ r o ly, starting to collect the eluent when
derj\veﬁ .nmgbéys showed redox activities at 0.55 V,
ar[d?iz!we efhE MFaTMFIDA SSorMesurs® tahdglse the @hbﬁu@emvpéﬁﬂﬁéls;zed
he vol tametric peak currents dropped by frore

ag fRliewsodexpesimesypldieagents wieee [abigiaed aSam%wonaﬂén Example 3
a SoTé%@ WERS cér*f'i%ﬂ JiR WithPe) p?é?ﬁinéht"aheﬁté Eg\%ﬁ’c adR8hned | thereinr.

t1on and evap orate under red ressure to
dr[?ﬁélss Oﬁxaengrﬁfummdﬂarr@cede okdis d&rmWels ahddueh g TBAPF were

ciihed dh € 17 31 B0 aPkiohe e rEANGIRLR o heh G 296 m! o

TMRD# msohdﬂefeic Mol iniiadel they ogidatiby afddhyligrid@ent, acied enlealiquot

o T B S U i e, micre

afaﬁsrnftdwﬁ?n &f @éo d?rﬁhngxﬂ'ﬁétréééhdi ﬁﬁﬁuf@Wb@Q@ﬂmd for 6 h under
vati ve.
nltrgélen After coohng, the reaction mixture was added drop-by-drop to a 200

mi of rapidly stirred acetone to precipitate the compound. The precipitate was
washed with acetone and purified by multiple water-dissolving acetone-
precipitating cycles. Further purification was carried out with the column
chromatography, as detailed above. The purified product was then dried under
vacuum at 50°C overnight. A typical yield achieved in the present synthesis
method was 40-60%.

Example 5: Cyclic voltammogram analysis of VFCTMEDA and VFcTMPDA
[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 ml aliquot of 0.50 g/ml oxygen -free
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[072] The VFcTMPDA conpound can al so be chemcally

synt hesi zed as foll ows. Experinental reagents were
wobioaitmsd2 as nentioned in Exanple 3 and tests MET/8G2005/000120

carried out with experinmental equipnment as nentioned

therein. [073] 0.20 g of vinylferrocene or its

derivatives and 0.60 g TBAPF6 were dissolved in a 10
persulfdteaceiution/ wadseradd¥dl ) tonithké ureactitinemikid@re- 2f@9 D min of

of TMPDA wa a]dded To initiat khe oxi.dati on of .
deggPREing, cBNEIC Yokammadrars, @b ther SoMiUgsHiwere obtained, as
shoWPR EiGuResper sul fate sol ution was added to the

reaction mxture after 10 m n of deoxygenating. The

r 48€5] on Theditst yollammegrank @ atd-28 Yy Whigbrhas beeiyagsigned to

¢ Li y . -
IngPNECIYERS A sl 535 S0 E LAl Seversil process,
exgeptite shghlyt lasger qrezdioepedinpotential peparatiomdS-k@smyy, which is

i th t d. i fi b | tipl - [ vj .
malby oAE b &R ea T Hipr. pEMecaBiin, KRWeydF, e hiafe fudint 1, of
thlasar{efdo[ﬁd:oclmplbe Méél’@_arﬁé@ srgviif%qangy oo rted rtemhiy ﬁnadig current i, (i/i, =

etai | ed above. The purified product wa
0.5flicand fosiin iversile GRFILSHES I TR, Pasengedifch-10 M TMEDA,
UR6H! %?é’%éirffgtfh% RioREERAratfor t GYe SIMEDRL NAd tylical 4 BickBchemical Iy

anpl e : TMEDA

. Cyclic vol tammoqgram anal ysi s of VFc
resasitiecwrehenioally tataliyvrreyergbleopiacegss (R4 wasebgerved. These

ot TRt Ritine B frpuft YA3° BHGe foymge geaggs,gromtly

wiindTRIEDA/ tHerebyi tadaicingoxhel atormenidationngf f\ére’oatbribe electrode

1.0 m._ali t of 0.50 g/ m 5 f I
st (TP naaQs et FE A EF Bhgy g 'sEgn rate wars
vafidl Pom 2 eP2IOG FAY/sNBnplEnglthat thel reastiog betwearf VFbeabd TMED A
~mxtures were obtained, a s shown LI' Fi qure 3., éO?g% o
isTwesy fiaslsen (g eladeghamiqahfimg seales 5,6 RACHAl ze L YRlue of /i,
fof 3R WFcocémg%eWé‘d* af Bftfer VMEDRA cBﬁéerﬂidtioPE@ consistent

characteristics of a reversible process, except e

with iagfast yndaeayaplejse totlowoup ehRmical éaaction. sxgaaning hmore positive

oAb el T e Sl o e gBes
thiehinereasimy comeptratide of FASEDAS Hgniehies Aiiel shapengfahisdvaiammetric

the anodic, current, ia =
wave remained sinusoidal.

[076] In addition, a tiny amount of brown oily substance was found at the
bottom of the electrochemical cell every time after the test. It was solidified and
isolated from the reaction mixture with the addition of copious amount of aceton e.
Unlike vinylferrocene, 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 to that of the second redox process.
Removal of the electrochemically inactive constituents and evaporation of the
solvent resulted in the crystallization of VFCTMEDA and VFcTMPDA as
characterised below. These are the only true Fc* salt that exhibits the reversible
Fe(lll)/Fe(IV) transition in aqueous solution under ambient conditions. As shovwn
in Figure 4 and 18, cyclic voltammetric test clearly showed a couple of highaly
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0.30), and lost its reversible characteristics in the

presence of 0.10 M TMEDA. Upon increasing the
wa@omsami3rat i on of TMEDA, a typical el ectrochenPCEBEGL095/000120

reversible but chemcally tggally irreversible process

(EC) was observed. These changes suggest that the

oxi dati on product, VFc+, once forned, reacts pronptly

rewetsiblé’l\&lhfenttﬂwkebwnhéaiu@dm pbmti@w@@mdeﬂ Well Wifth \{ﬁé second
de surface There was no obvi ous cha

feaﬂx tpﬁ‘écquf %‘I Yg? iRy 1, BreseRee Of amings e SYglt 36 Al EE’N rFmﬁhBrm ore,

thb@d@iﬂﬁﬂl oMA %mdll'ﬁ%hhﬁhﬁﬂoftmEljﬁt‘?of SILA d@fe%nin\ﬂzgubstantlal
and TMED>A is very fast on the electrochen ca

ingregse. mrﬁeeppa@ail@al Dyrretzter@ deerieaseofn Xbei réductibhe current of

TVEDA conc ntrat' on..
VIMEDE" efil ¥ GpPaRL o Tl JcBBRlmddEr i BE5HE, Yhiie no
ommncawree’amammbssnmdnwtngnt theexpeAnrint i Was Rfdrféﬂubte’ﬂ in the

f th
alsBHE8 S VETMERS, fiitoehel & 688 acuomaiahiioaoridation of the
TMEBPAbyHiE Hitih dligatidipReatel FElvs é‘foltﬁ@'ﬁﬁﬁﬂsélﬁmdﬂﬁmmngst the

remai ned sinusoidal. [076] In additio a tiny

Priary, SRFOBARLY Sbsientiey Ra¥nes deatas alhe)fbtnelnmmaﬁ uehelectro-
cadifide] I?%Eé@by‘iﬁ*dﬂ\ﬁ%@ﬂyort\}' bR, the test. It was

i ed and [ sol at fro e réaction m xture with

the addition of copi ous anpunt of aceton e . Unlike

t Ii@?t]onstU\! Bpat:‘sa iof the VFEhVFbTHTE[bM\ @hldyv F@ZMPE/?M@{% gtbtamed

t tenti a correspondl ng 0
ushft” i, KRS etV BB SPergnplaiomibe nihe UV spectra are
deplcted ﬁrOFligirr‘eC@'A)blué‘@ﬁift' d@@ﬁ%st%e?vﬁ@%th both VFCTMEDA

resulted

ation of the solvent
a”@rgg?tMP%tWBﬁhdieﬂ%TﬂOEbm%ﬁ!ﬁOVmeﬁmrwgatlon is dllsrupted in
t I + . .

the VHGARioRty > B Prosit of e Ferdofial B pAE dlebdal? sioiy 4t beptre in
VHay aqueous sol ution under arrb: ent c:)ndl tltonts iAs slhovvn

' 3 I ta ric test, clear

Rofig " Bt Pp RSl AR s L W o
Teahneldgy MSH&)& Saécttl:mnewrdrﬁm aeds maeitdo bb@ro‘éeiﬁcéf‘ﬂwdo%’r%na‘tnx

resenc of am nes, such

SoRGRRISTe e ETarhAaanShEN dai o1 ot 2598 K. Erdre s Mbssbauer
spédfbthatowiaBeotsialnedd /it VESHMERA. | Thét MaSsbaaB! idrameters for the

quadruple splitting AEq = 0.62 mm/s and the isomer shift, 8 = 0.30 mm/s are
typical of low spin ferric species. Generally, AEq of ~0.50 mm/s and & of ~2.20
mm/s were obtained for ferrocene derivatives.

[079] Molecular weight of the VFCTMEDA was determined with a
Finnigan/MAT LCQ Mass Spectrometer (ThermoFinnigan, San Jose, CA). Fig ure
7A depicts an electron spray ionization mass spectrum of VFCTMEDA. As often
observed in the cases of ferrocene derivatives, the VFc dimer showed much
higher relative intensity at 425 (M+1) although it is a by product of an
unsuccessful polymerization in minute amount (<5%) in VFCTMEDA. This is
probably due to its much higher stability. The molecular mass of VFcTMEDA was
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increase in the oxidation current, a decrease in the
reduction current of VFcTMEDA and a typically

wa@rmwaaaiddal vol t ammogr am was observed, whil e nBCT/SG2005/000120
oxi dation current was obserwgd when the experinment was
conducted in the absence of VFcTMEDA, indicating that
a fast electrocatal ytic oxidation of the TMEDA by the

fohml ho e diki/2328t mlmvﬁﬁg b X)a%ryr RRyreiprarsitpcht o8Bt fM 1). It is

rimary, secondary tertlary am nes tested,

b@erveﬁéhaU&e camapd Fop Ao ly g Rydeagen tadicalyat the methylene

I
o R ERR R o Vo R opg TP OfRPRASEBIREH RigRent ions at
m%EE&WE[MECdN@WMTWP&Ab@mredubeduhydbe dsigmperdatiowiof mxmlecular ion
The UV spectra are
a@@gigﬁmﬁ\ﬁ“ﬁéﬁ%‘?@a@a&%&Wﬂb&?ﬁ ft of 25 nmpvvas
obfo8oyed Tie mmmaWeWDAWWDmalsmd@tbrmmed by mass
reflects that tgg\/glelﬁ%ﬁg{'nc - conj ugatjon is
SRLOMAEY Figute, &P f%{' SR {onigatioemass  spectrum.
The Mletulaf nixe 6 VFbTMPEBA qubﬁﬁ@ 16 B éierﬂ/i‘ avC Thid i@kult is in
Mssbauer spectroscopi c anal ysis was conducted on an

a@rs%tﬂmﬁdwlawhws\/lﬁo§psgt§@tfpér?éE@TMﬁQAa as 25-GiYIPBA differs from
VEEHEDA Bya' gl gﬂ}@gﬁ r%g §@ﬁ@§ a3 Hﬁ%@cl{]%cws%@'ﬁ urits higher.

agal nst a |ron2f ure
Siepitaclyy a venahighagealowais rs@enfatronﬂ:urm/me than esncMEsblau anass (M) at

r ter r.the a pl,i ttl n g
e Ui v SoBfect B bt e Yt S GpORshy o
anmhmatﬁler ltm ctrepdragimentatiorr af | sholdduiarofion OabGhemamia&d nitrogen

ée were obtained for ferrocene
C%ﬁi“@?ﬁd %‘mq( ’9] Mol ecul ar wei ght of the VFcTMEDA
vapgqpt efFﬂTJFRds_[p/édtﬂé' werd i rBBbrRY HBTKBP&R@@SMm a Perkin Elmer

Spectronet er her noFi nni gan, San Jose,
Spactaém%QO@ EFE I8 Seesatmrr@tﬁragt aormsgb\{tlparofnéb@m sp&btspmtra were

éfaréo%g-én er| Srrid Ir/%l‘sﬂlré’%é%ﬁgotglﬂnklgs ﬁ(gt\%gé . IR spectroscopic
sthdigse (FigeieaBiAv andn8Bh JurtthentconfiBnéd/ it z(il)titm;gthenmceﬂ reaction
b&v@énp{/?guﬁd OFMEBA/T MPDA reaction has occurred when the oxidative
treatment was applied, (ii) vinyl groups on the VFc has been preservexd, (iii) little
radical coupling between VFc molecules has occurred and (iv) the
TMEDA/TMPDA has reacted with VFc* and a stable compound, as illustrated in
Figure 1A and 1B, has been produced. It is worth noting that the strong
adsorption at 1630 cm™, which is attributed to the vinyl group on one of the
cyclopentadienyl rings of VFc. This is a good indication that the complete
preservation of the vinyl groups. Supporting evidence can be found irs the 1500-
1200 and 700-600 cm™ regions. Additionally, the specirum shows that the
cyclopentadienyl rings are stable during oxidative treatment, as evidernnced by the
strong adsorptions at 3330 and 1140 cm™.

[082] NMR spectra 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 heteronuclear
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unsuccessful polynerization in mnute amunt (<5% in
VFCTMEDA. This is probably due to its nuch higher
wa@e@bilhi3ry. The nol ecul ar nmass of VFCTMEDA wasPOI/RG2008000120

be at mz 328, follow ng by% very high intensity at
mz 327 (M1). It is believed that the conpound can
easily | ose a hydrogen radical at the nethylene group

f
c@%latétlel\/EFg gﬁgﬁttrt\ﬂ:ngﬁé sg{oWWFlggFé’ P@F Ag’\é‘%!l\g@? s%én in-te figure,
th?e "E&m SeackyMrand thesgiiCaH correlatethspeatram are camplimentary

o] B, e ARSI BRI o) il BB6hne Berwoen o

am\@so @pacandnta chemigal shifts7&f d@r}b_?ﬁt@toh?sew@:r%cbb@%?eg which are
tr e nol ecul ar ma
oI RINIE e RioRRS Sa BSicR) symsturen Analvis (of, $hase spectra

indgperdeartly cwrifimetendForpmarin & VRS TIEDRVEDA, as
VFCTMPDA differs from VFCTMEDA by a -CH2- noiety, and

is thus 14 nol ecul ar wei ght units higher. Sim'larly, a

1979 ISRV 5220 eta 1ating Sueh

rm ecul ar nNass vvas
od988Y ed lat initial Q&ﬁerlmﬁmbhltl wapofacmrini yhatl e compounds of the

USSR DN B ANE ", By e vas

designe’l tpebtaia ameestimateoofi tie asckl apkl in@ér‘étavl?f rg? c1‘){;operty of the

Cdj‘zé@"ﬂ% Etﬁﬁ‘%a#”s‘fﬁerﬁ'tﬁw h%%gs'gkgﬁgg\%@%@oqnga& ivalvgs the use of

tmodmetoallmersat one ﬂudré§éerﬁt 884 Vb ﬁ$> eEEérﬁ The fluorescent
copi ¢ studies (Figure 8A an

mfe ?{Oﬁg'éstt?r?ét"a(t‘?s) the d@Ufé'ﬁeﬁH&E@Iederlét dienbatsmmdviﬁbercalator

in AR JMFEWR@DA‘??SCH’[%UE@? IH{é)‘:H'{ sté’ﬁﬁ&rtﬂgrg;aggalowcreasmg

oxi dative treat nent was a
anﬁ@nmomd’swaééhowlﬁﬁbat/wm m(qleau)es wbuldeblna:dtch: 8imilar S|tes in the

es .has occur.red an .

AR AR, G TRl el Extbiant, date changes in

fluocespenh dntemsity | Weres menitded ndurirgy tiee ldispipdctRenth @ DNA-bound
od ceq. Lt i not i that the strong

et RiGTles byonEeTEDR, féniel aalnpressing copopnsation of the

VF\OTIMEDAr ongicotlesn ahet Bpsteis:! AP R A tme'ét%&fmtercalator

'E ood i ndication that e conple
ethldlum romlde (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
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.

[084] To ensure that this approach is appropriate, an increasing
concentration (0-100 uM) of a well-studied non-fluorescent intercalator,
naphthalene diimide (ND) was first added to the EB saturated double-stranded
DNA solution, gel electrophoresis experiment showed that the fluorescent
intensity of the EB intercalated DNA diminished gradually as the concentration of
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preservation of the vinyl groups. Supporting evidence
can be found in the 1500- 1200 and 700-600 cm 1

w0 e@soms72 Addi tional Iy, the spectrum shows t haeCT/k€2005/000120
cycl opent adi enyl rings are ?éable duri ng oxidative
treatnment, as evidenced by e strong adsorptions at
3330 and 1140 cm 1. [082] NMR spectra were recorded

ND'Sintgedscdl UkRe DATRRY Ocsringaint AQELEN4.0P&N B, egtmatwo from the
MHz. Evidence of the formation of VFCTMEDA was al so

expetimental dafal wasNR gpRd eorermAat with IEaRHYR- YRlues gapsequently,
v@%nﬁésﬂu%%aétﬁererdemvm% ﬁ%ﬁtﬂ%@ %\Hmlyrtgﬁcéﬁg%e' mnst EB for

can be see
bingieg to (NAngingHibe2same agpidaaho nf&ran’ean@petﬁt efuMROTMEDA were

mixg PR St fafRE o i ien I RIA T SRR kh b T avity. As
shanth ih2Figueais; AVFSTMEDA ekhibited an remariabiee bindihgeafiielty towards
the] S TENaAg) PIVA. SR ed e faph REeTnonty hdalifarpnt ratios of
VM EDWE'Bt TRe hgHEHthe fad oVUFEVMPDA/ERARE fover Eﬁ@ flebrescent

VFCTMEDA as an intercalating agent [083] In initial
interpity.i headewer flugresceninittensiies pbthe p§&iged with the higher

ra’u5‘é’ SRR é@%%é?tseé gé’uoﬁéfsg%% Q{#{F}ﬁéﬂé VFCT”M EDA molecules

mpet1 T1 on experirnen obt ai n
aresttoumdtte tbe ddublerstrapded 2NA anak largsxl avnoumjs mfoEBr impledules are

L d t i t i f hi
rehlBEaioAB P by 08 SAtbBl. a8, R PRI, biueoypg ratio of
ad lou\oagaqsnmoa?dhmsoe?rmf&Telmlteﬁqmgxhdbtlzm@vfé tmmelntsuggestmg

r first saturates the double-s
th%&%cﬁé*%é nt$ An apienger DNA Hpgergaggt@r\;[a |h§ binding
candtdri KiC %@tlhﬁﬁéﬁ tft'@)% Wéfeﬁﬁémﬁeﬂtaﬂ it alvak Wfi)@ﬁ@ﬁ nébrreséPondlng

concenttat i on. was tholght that two nol ecul es woul
tosppaoXiateyriel %ﬁ‘f@ﬁ esbangemest aueibiEB- Elowenae @ olser myamination

o, 1 ST SRoRKR A oo O NS GBS EEHRG “3F Morescent
m@mlmdhanb fMasa sgssierrtatlnmrmngleea miyAVﬁoB‘h;EDmhehhtgh'@n tha ratio of

VEEQMERRY En i RERRY 1AL bR ukdhfert i HERA RIS 450 h R, the
S"?ﬁgf ?ggaﬁmlgbdmé Bm e nidlesElar amseudf éthmnﬁsbmmnde 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. At low
VFcTMEDA/EB ratios, VFCTMEDA preferably intercalates with DNA at free sites
and then replaces EB as its concentration increases. This implies that the K,

value of 4.4x10° obtained is smaller than its true value.

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

[085] Voltammograms of amines in solution containing 0.0 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 VFCTMEDA in PBS was
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wi dely studied as an efficient DNA intercalator and is

one of the nost popular fluorescent intercal ators used
WO noosaedset c aci d assay. E B displays a 25-f ol dPCT/SG2005/000120

fl uorescence enhancement upgg binding to the

doubl e-stranded DNA, which provides sufficient

sensitivi ty and good di scrim nation against free EB
also|pressrasd iim Figurerms i at pureaBME@Pe sblution, afdbkidafion idifrent was

o4 SBuflor B Bk 203 Beinc b S EIDA el bo oxicized at
p&tetiials %Ss{lﬁb5|fl@§ﬂ‘]anTga73\zUFrﬁfgng g?étg§géﬁﬁgo£%é%ns of amines
'”glgaﬁogr'gﬁ%gﬁ* @gl%gggpmlé&bﬂyoan&Q M attozan be seen that in the
pr@%@ﬁé@%f%ﬁcﬁ@'ﬁ?@ﬁh%ﬁ el‘ﬁ%ﬁﬁftlaﬁ Sdf f‘gﬁésé\e?)x Id4tiohPwas reduced

saturated d sol ut
sulistantiediph shidiirigs thex peak meotentiddoveghtiveit  bByh asfﬂnu:@h&s@ellmb mV, to

o SFA et 1B S8 A 38y aiminisnon

suzjgedting thamnan a;mu&wtoéatéwcwe&@@on %tw&he@F&TMEENGand TMEDA
exper [ nt a

g S I N ood agreenent with
OGQUIR: Iy (PQPUe s s%ajab'ﬁﬁl%ﬁe emeihenaminas, gkidations were
aI%bbsél%Ee dr@le’s‘s%nﬁ@r{/'éébdn‘aa\ég%%ﬁ ai nst EB for

bi ndi ng to using t sane a i f ferent
arl8861 s ofhevcatalpisaowidationiofeather Eimines BRssalsor eareied out with

VRSO, TR0l 32 Shob (ER iehifelldths Bhoa ot ) N @
C 4Nt ranch{d)i GHy-NH-Gablr, dasll irhsolditiohs mtamdh@l\é&me amounts of
PaRL FretpEha R PRERL Bt o eShiariiaton GRidrpenhiate aiassy carbon
eléctvade. tthear beosesrciatt in mbe?pﬁeée?ce@;vfemgﬁ)hg ?ﬁ(fg)t%?ggootentlal
°f6E %&fdﬁtﬁﬁ%/sg %%%&%5%%%@@%%@&%&a @ case for C,H;NH,.

Fd(FGF:IW@ﬁO”'HS,eﬁ\‘é Eéaﬁrﬁth dyb8 éthéaqcﬂw*bl £og! W'?Hggpresence of

DNA and | arder anounts EB nol e es arere
VigTMEBW all three exigation Imi@ntlais are\/ﬁmTtMEMEBhan the commonly

0,
R SHBEoehRrEL 57 £Y AR ORI for tne
el@ctmutﬂenﬁcalmamndbm aminescal ator than EB. The bi nding
TS oo BRLAAT Pl E DB BB i bhethain 155honse i
the WxiztioNEsTtarnines EEBVFHFW[M is BirAilR6T tHatasT VRETREDA, with the
peak oxidation potential being about 0.58V and oxidation current of about 8 x 107
amperes. |
[088] It was found that the pH values have 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,POQ, solution to a 10 rnl of 0.10 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
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
catalytic oxidations of amines were retarded. Furthermore, it was found that upon



of the gel imge showed that acconpanying the

weakeni ng of fluorescent intensity, there was a
waymsamsrt c change in DNA nobility. The hi gherpPt18G2005/000120
. ratio of VFCTMEDA/ EB, the higgher the band appeared in

the gel imag e, and in turn, the slower the nmobility

of the DNA. The nol ecul ar mass of ethidiumbromde is

rea&ﬂﬁg anith tdisgohadd Wyg’?rﬁ&hei gt 2gelions ssttibonriofeTMEBD Agontaining
ectr of them are nopo-cationic.
b VBTV DR shahor omale Sekows i Ree o dmpkang tht
anﬁmﬁs \%T'\E@Aoklalzéw %ﬂeﬁﬂéalfyorbfadi%dlﬂ/eﬁluﬁky@eh' Under ambient
mobi | ity change. A plausibl'e explanation is
congitiana=0vis is espegialeattinstive dn developimaua pn&lmtaas.rempval system
I 1CTMEDA pref er abl y
foraﬁﬁggga%%gﬁg Eﬁ{ﬁ%&?wta}/{r ee sites and then repl aces
EB as its concentration increases. This inplies that
the Kd value of 4.4x1 06 obtained is smaller than its
true value. Exanple 8: Use of VFCTMEDA in the
catal ytic oxidation of am nes [085] Voltamograns of
amnes in solution containing O O Mand 5.0 mM
VFCTMEDA at a gl assy carbon el ectrode is shown in
Figure 1 0, taking TMEDA as an exanple. For
conparison, a voltammogram of the VFcTMEDA in PBS
wasal so presented in Figure 10. In a pure TMEDA
solution, no oxidation current was observed between
0.0 and 0.70 V indicating that "TMEDA cannot be
oxi di zed at potentials |less positive than 0.70 V. In
fact, electrochem cal oxidations of anmines in PBS only
take place at potentials beyond 0.90 V. It can be
seen that in the presence of VFcTMEDA, the
overpotential of TM EDA oxi dati on was reduced
substantially, shifting the peak potential negatively
by as much as 400 nV, to 0.60 V. Meanwhile the
reduction peak of VFcTMEXDA significantly di m nished,
suggesting that an efficient catalytic reaction
bet ween VFcTMEDA and TMEDA occurs in the solution.
Simlar catalytic effects on other am nes oxidations
were al so observed, regardl ess primary, secondary or
tertiary. [086] The catalytic oxidation of other
am nes was al so carried out with VFcTMEDA. Figure 12
shows cyclic voltamograns of 5.0 nM (a) NH3, (b)
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1.

C2H5NH2 and (c) CH3-NH C2H5, all in solutions
containing the sane anounts of PBS. VFcTMEDA was

w@e@sani37at a concentration o f 0.5mM at a gl aBGI/SG2005/000120

carbon el ectrode. It can seen that in the presence
of VFcTMEDA, the peak potential of the oxidation of

anmmoni a was at about 0.58V, sane as the case for

C2H5NH2. For CH3-NH C2H5, the peak potential was at
about 0.59V. In the presence of VFCTMEDA, all three

entials are nmuch |l ess than the commonly

known oxi dation potential in PBS wthout VFcTMEDA of
over 0.9V for the electrochem cal oxidati on of am nes.

[ Agpmpaunddravirg Heeformutar{lFi gure 13 that the

vol t ammogram response in the oxidation of am nes by
VFCTMPDA is simlar th] that of VFCTMEDA, with the peak
f

oxi dation potenti al

ng mbout 0.58V and oxi dati on

current of about 8 x anperes. [088] It was found

that the pH val ues a prq{ounﬁg effect on the

catal ytic oxidatio 0 am ne of t he
el ectrolyte solution wa ‘%. ddi ng al i quots
of 0.10 M Na3P(4 oIU|onto of 0.1 0 M H3PO4

solution. Since el

em cal onx,l d i on of VFcTMEDA

does not involve protph, its redox potential is pH

i ndependent. But to have an efficient catalytic
effect, the pH of the edi um nust be above 7.0,
i ndi cating that deprotonation of amnes is an

aslsenelri al part of the oxidati on process. Consequently,

t he. cat al yt dat f
5 4 sition Befalgec g roReBrins 4 6 TAALUPBEndo0RAL
Lmom%ﬁmnt@ %taikyqiloiﬁi@hmds@détﬁ%d the lI'ight yellow

sof uti on of TMEDA Cont ai ni ng 0.20 nmg/ M VFcTMEDA

chigrjeirtegesAfdaPeZyel | ow to deep br own, inplying that

&G Ifﬁﬁjn hem cal |y by di ssol ved oxygen
untblgﬁﬁanbl \éﬂ I@%‘ug | or%g This is especially

dhedakmuladll):n devel opi ng a pol |l utant renoval system
for am nes, such as ammonia in water.\Wat is clai ned

is: A conmpound having the foernula (1): wherein:

or the formula (11A):
Re
——C——C=——CH,
| H
Re
or the formula (11B):
Re R
|C T C=—=CH,
R R

(4 C

wherein R, is H or C1 to C6 alkyl, optionally substituted:;

R; and R, are independently selected from C1 to C6 alkyl,

optionally
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Mis a transition netal selected from Goups 4 to 10
(I'UPAC, 1990); Rais Hor C1 to C6 alkyl, optionally

waemmstiogsat ed; y is an integer of 1 or 2; Rb i SPEH/SGZ005/000120

vinyl group having the forgula (11): or the fornula
(HA): or the fornmula (HB): Wherein Ris Hor C1 to C6
al kyl, optionally substituted; RL and R2 are
igipenendant |y selected fromC 1 to C6 al kyl,

optional |l ysubstituted; R3 and R4 are independen&ly )
fg; ard 60, Areindependenty selegted frgm H &5t¢ biaudg alkyl, optionally
¥ ed.qand n is an integer of 2 or 3. 2. The
ggﬁ%g%hghb?nglain1l, having the formula (1A): wherein
M isken itbgeRMf2B23. R3 and R4 have the same neani ngs as
defined in claim1. 3. The conpound of claim1, having
the formula (I1B): wherein M Ra, Rb, Rl, R2, R3 and R4
hﬁ’(@céﬁgxﬁﬂi@oﬁﬁi@iﬁi nghavingdeé fomdular(iA):ai m 1. 4. The
conpound of claim11, wherein Ra and RO are each
i ndependent|y sel ected H,rom the group consisting of
hydr ogen, net hyl, propyl, isopropyl, n-propyl,
butyl, n-butyl, yl, pentyl, n-pentyl, iso-
pentyl, nhexyl exyl, gal'| goptigonal l'y
substituted. 5. The ound qf qa'n1l, wherei n R1

and/ or R2 are each i ndepgrdenty ed fromthe
group consi sting of nethyl, eqhy , qpyl, i sopropyl,
npropyl, butyl, n-b tert-lput WH,, mentyl, n-pentyl,

i sohexyl, all optionally

I so- pentyl, n-h%] a
ec d of claiml1l, wherein R3

substituted. 6. onpo

and/or R4 are_each _independentl . . .
wherein M, R,, R,, R;, Rx R; %anR4 ha\ye the same meanings as defined in

claim 1.

The compound of claim 1, having the formula (I1B):

R
R R, PRs R
%\é I I n
R Ry R
Ry

wherein M, R,, R,, R,, R,, R; and R, have the same meanings as defined in
claim 1.

The compound of claim 1, wherein R, and R, are each independently
selected from the group consisting of hydrogen, methyl, ethyl, propyl,
isopropyl, n-propyl, butyl, n-butyl, tert-butyl, pentyl, n-pentyl, iso- pentyl, n-
hexyl and iso-hexyl, all optionally substituted.

The compound of claim 1, wherein R, and/or R, are each independently
selected from the group consisting of methyl, ethyl, propyl, isopropyl, n-
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sel ected fromthe group consisting of hydrogen atom
met hyl , ethyl, propyl, isopropyl, n-propyl, butyl,

wo2atiydsy2 tert - butyl, pentyl, n-pentyl, iso- peer/g62005/000120

nhexyl and iso-hexyl, all V\%pti onal |y substituted. 7.
The conpound of claiml, erein the noiety in formula
(1) is selected fromthe group consisting of

él%%)& B EPZI eg‘ﬁ¥ll eneghféﬂ Wérﬁ??‘ih' BERLYE iso- pentyl, n-hexyl and iso-

hexyl~all eptignally, Nbaﬁtuf@dhyl et hyl enedi ani ne,
N, N -di methyl -N, N -di ethyl -1 -nethyl - et hyl enedi am ne,
t et rapropyl - et hyl enedi am ne,

Te- cﬂjni‘mbbw{di d‘ﬂ d\kindi1p rvaparielrt 1Ryl amdyor &ty @k, each independently

tsgltpE%&EEQ b%{l ene%ﬁ{n%ng{jp&%olggn atom, methyl, ethyl, propyl,
%oﬁ,roxgl ehtbfbpw Hutﬁﬂ ﬁfﬂlhw Pér@-lbnmnpdm’@m repenghdso- pentyl, n-

I sopr op di net hyl -i, 3- propanedi am ne. 8.
hTBEyI@@WFi@@H@BW%/ all wtmnﬂllva&sattﬁ cPi/l is a netal selected
fromthe group consisting of Fe, Co, NI, Wi, Zr, Cr,
Ti, Vn, Os, and Ru. 9. The conpound of cl aim1,
Whercampmmd of elaith|1, ovhargin il MAt onpound i s
positive. 10. The conpound of Caiml, wherein the
conmpound is represented byR1t heRd or Ia (VI'1):11. The
compound of Caim 1, V\/nere €\ C rrpound i's
represented by the formulal t\ér N12. A process for
prepari ng an organonet al | | OU||1d conpri si ng:

reacti ng a conpound havi ngRQheRfothJI a (I I1): with a
conmpound havin égthe formul a

in foreiula () iseackectedfearn dae fgfévfp @6@6@“2 q Je&/lé"ﬁ”@ﬂf/ld“ethy"
geg&g@%n?ﬁ%ﬁw ‘Pétra%}lh& tﬁgle\?{légivémmggh 'mgiﬂmntgyl -N,N'-dimethyl-
fethylehediamine, N,N’-dimethyl- NKJ -diethyl- 1 -methyl- ethylenedlamlne
tetrapropyl-ethylenediamine, N,N'-dimethyl-N,N'-dipropylethylenediamine,
tetramethyl-propylenediamine,

tetraethyl-2-ethyl-propylenediamine, N,N’-diethyl-N,N’-dimethy!-

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

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.

The compound of claim 1, wherein the overall charge of the compound is

positive.

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

formula (V11):
HC——=cCH,
CHs
HaG gz
IAVANVANS
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or the formula (HA):or the fornmula (NB): wherein RO is
Hor C1to C6 alkyl, optionally substituted; Rland R2

wae@sitmdependently ClL to C6 al kyl, optionally PCT/SG2005/000120

11.

12.

sel ected

substituted, R3 and R4 are jpdependently H or CH3,
optionally substituted; and™n is an integer of 2 or 3;
said reaction being carried out in the presence of an
oxi di sing agent. 13. The process of claim 12, wherein
the reaction m xture conprises a polar organic
sol W gemppyndraé Glaise ds swigreln dhencopp isi reprasented by the
o&bﬁhﬁkp@ngent conprises a chem cal oxidising agent
romthe groyp consisting of a salt of
persul fate, chlorate,/ brormate, peroxide, or a mxture
thereof. 15. The prggess of claim 12, wherein the
reaction is an el lytjc reagtionycarried out in

the presence of a ort 3e\I§ec ol yt 3 ang, wherein the
oxi di sing agent is a waltag ,p)ot nj/lz\p!o@i ded by an
el ectrical source. 16./ The ocesﬁ2 of CT‘ai m 15,
wherein the suppo@t rolyte is tetrfabutyl ammoni um
hexaf | uor ophosphat™ ==, The*process of % ai m 12,
further conprising precipitating the product in a

P P8 for Bt ant rad MimeRhic oo GRS Blffer g "
aakedciimg arcoaipoumdy hagiegtthe ¥6rmdlaglli)jse of a conpound

having the fornula (1) as defined in claim1l as a
catal yst for am ne oxi dygx;g]ion.

Ry

[Rdly

with a compound having the formula (IV):
T1 Ta T1
ug
R Ry '

Re

wherein:

M is a transition metal selected from Groups 4 to 10 (IUPAC, 1990);
R, is H or C1 to C6 alkyl, optionally substituted:;

R, is H, or a vinyl group having

the formula (il):

0

QO—I
O——x

J
S

or the formula (11A):
Re

—C——C——=CH
¥ 2

Re
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13.

14.

15.

16.

17.

18.

19.

WO 2005/100372 PCT/SG2005/000120

35
or the formula (1I1B):
R. R
C——C——C=—=CH,
|
Re Re

wherein R, is H or C1 to C6 alkyl, optionally substituted;

R, and R, are independently C1 to C6 alkyl, optionally substituted,
R, and R, are independently H or CH,, optionally substituted; and

n is 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 selected 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 () as defined in claim 1 as a
nucleic acid intercalating agent.

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



