28 August 2006 28 February 2005 1 COMPOSI TI ONS COVPRI SI NG DI MERI C OR
OLI GOVERI C FERROCENES present invention relates to cofpBereiztMs for
use in the regmwummﬁmﬂ\m particle 5 filter systens connected at the
exhaust si de systens for fuel, especially 2BFgresePPessi on
spont aneous i gnit i*m6iéengi nes. The effect which iron-organi c conpounds,
particularly ferrocene and derivatives 4hereof, have in pronoting
conbustion is basically known both with respect to open 10 flane
conmbustion as well as conbustion in engines. Furthernore, the prior art
(e.g. Fuels 1999, 2d International Colloquium 20"h - 21" January 1999 at
Esslingen Technical Acadeny) discloses that diesel particle filters can be

regenerated b HONESOREh i) MERICFIORROTIENES] on
to which th@oiﬁﬂaggttbés\géﬂlﬁk@ﬁbe%@g eéiﬁg??‘?ic?n tenperature of the
soot particles which have been filtered out 15 in the diesel particle
filter, these latter particles igniting and burning.,away. Si.nhce :

i r on- or gani The qugseniripyentionctelates f0ePqRRASHIONS ifgir i ?%@oﬁ%’%ﬁ’ée%%o?f Pa(ﬁlg}e for
dosing to the fuel, solutions,of - IBuSHOR sistemk for fusk dspeiciallys
desi rabl ®, Wf?yéﬂ%we%(gﬁtsfthgg co %@%n systemslys | ocated on a

vehi cl e, fom%hh&lﬁlg&é{&@?gn@ﬁéﬁ@ii@iﬁmeﬂgnezo i ron organi c conmpounds to be
hi ghly concentrated solutions so that the solution supply container can be
as small as possible in size, or, rather, does not need to be frequently

t opped up. rt her nor the SOl Ui dohigicalagl! fericeice apé rderivatives
within a widé€ ¢ "rﬁSe @Fhrlégl}g rga,(' g‘g}npgégﬁg%’lg vm'cthi? the range of -40C to
+90C, and a'tﬁé}e&hﬁﬁéjinnﬁ‘omoﬁggtc@mbuﬁtméaasit:all)ohmmb@ﬂamﬂléﬁsneﬁt tr Q81 t o
ensure good punpability allowng 25 accurate dosing. |n aighly,. ar At i c
sol vent 10PL {EGsotonstristion apprallees eopbustien Ipengiacsh fé‘ifgﬂe%%ﬂt% g‘?‘l?’o%rgr@%a
itself has a.solubilif Jimt. . . %o ihghto ot Jafifdly 1099 raeipsslisigeny t o
an iron con'?Fé"r‘?fS ﬁé%iiz ]!%ewat},?gftdgﬁto_ océ%ﬁ}t \iﬁgns of i ron-‘organi c 3

0
conpounds  CCepYcRiBAIN A cRdEY)D MiseRb@hthat adiesebrperticdé filtars cane g Jagtnerated gby
August 2006 ad?litizvgs lizfgirel;?lrgxelzgigge the products of combustion to which the additive gives

*C

rise reduce the ignition temperature of the soot particles which have been filtered out
15 inthe diesel particle filter, these latter particles igniting and burning away.

Since iron-organic compounds, such as ferrocene, in solid form are not ideal for dosing
to the fuel, solutions of the compounds are usually used. It is desirable, particularly
when the combustion system is located on a vehicle, for the solutions containing the
20 iron-organic compounds to be highly concentrated solutions so that the solution supply
container can be as small as possible in size, or, rather, does not need to be ﬁ'equently
topped up. Furthermore, the solution should be stable at temperatures within a wide
temperature range, especially within the range of —40°C to +90°C, and also shounld not

be too viscous at low temperatures in order to ensure good pumpability allowing

25 accurate dosing.

In a highly aromatic solvent (PLUTOsol'rM APF, supplied by Octel Deutschland
. 0

GmbH) ferrocene itself has a solubility limit of 2.4 % by yvelght at —40°C

corresponding to an iron content of 0.72 % by weight. Solutions of iron-oxrganic

30 compounds containing 2.0% by weight, or more, of iron are sought.

IR
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it is an aimof the present invention to provide an iron-gr ani ¢y

conpound-contai ning conposition suitable for use as an a §iYE 20%r £ el S,
typically liquid hydrocarbon fuels, 2aherein the conpositi has hi gh
| evel of the iron-organic conmpound and hence of iron, p&b??‘l’ﬁ‘f"é?% at | ow
tenperatures, and is stable across a wide tenperature range, patticularly
i s st ablk istn kimvof mmmnum@nuwo"mmdp@nammgrgaawm%%ﬁ%? range,

is nmeant that.over .a wde tenperatyre ran €. Gn: S Rl gt b&@Bsh of from
- 250C to°°%@°na%mWegéP§%I iy qddfitivg ﬁ%gﬁlé’?msge ’FX}M (i)ipnﬁ-% 0C'to +900C),
parti cul fyelsy witteih Wé LEARRIRINUERSa higleldveDof @ie) idh-orgamip compowndnaad ni ng
conposition, preferably in the formof a solution in an, or%]gni c, sol vent

remai ns kenvpabliren gradticukeelyiat dow tampenatures caidis stleRsEess AoV a5 AIRPERTULE o o
h - te. .| f | Dhpd 5 ds,
Por - exannee, misplarb R b af S0 e Pefilyless By Slebft fbrbdsnite %@ﬁgﬁQ ’
havi L i igth i ron, and
avi ng araﬁggﬂsngf%ég{tfhg@;oﬂ?ﬁmﬁé%&f&ﬁﬂ%ﬁ AL fwﬁthna rhegecsf fdmi ron, an

whi ch are Suita use as additives uel s for use in.the operation
of conbus25°Grio 9POtEmmd prefehblyavithin thegangoabfremsBiC tospdh i tion
engi nes, having a particle filter in the exhaust : blyid has

al so beeﬁqf’ﬂl}ﬁ’&l’@ﬁ esg {he AronATEIds W%B%mﬁavmgﬁﬁﬁ’é%%{ﬁ%ﬁ a¥i.on of the
i ron- Or@ane QPR 3R dn Rk SSLvetOfom#AHe Pubable unt dhtirontongasc and may
be stable "acroSs a wde tenpérature range. According to a first aspect of
t he pr escumipdund dots 100t prdeipitatel ar pbasevsegaidtea net hod of regenerating a
particle filter trap |located in the exhaust system of a conbustion system
for fuel, which conprises contacting carbon-based particul ates , present

|0 the mgr bhe! ol bbal fobP: tigh | Sortai Thslor oD igpiundsf for campude i on
wherei n ‘the conposition conprises: one, or nore conpoun &f fcir rP.;tha (1):
X-Y (1) bikferrecenylalkess,trhay bt wsed tio produce compositionyiaving lgyslorthe, ke
e i?on-grgggg chrr]x%o‘frfdt and henée 'of iron, S S ark Riti18 £ use as additives

for fuels for use in the operation of combustion systems, preferably high-compression

spontaneous ignition engines, having a particle filter in the exhaust system thereof. It

has also been found that such compositions may have a high concentration of the iron-
organo compound, and hence of iron, even at low temperatures and may be stable

across a wide temperature range.

According to a first aspect of the present invention there is provided a method of regenerating
a particle filter trap located in the exhaust system of a combustion system for fuel, which
comprises contacting carbon-based particulates , present in the particle filter trap, with

combustion products of a composition wherein the composition comprises:

i) one or more compound of formula (I):

XY @
where:
X has the structure represented by formula (II):
i
F!e N A )
B

Y has the structure represented by formula (III):



28 August 2006 3 28 February 2005 A At I e ts Jn where: eas&dﬁ and B
I S i ndependently an unsubstituted or substituted aromatic AgEH 209 g O
an unsubstituted or substituted aromatizc heterocyclic ri 09; t he 2{5 each Z

i s independently an unsubstituted or substituted dival en# I’Eﬂﬂ"&‘ By |
group; nis 0 or an integer of from1l to 10. with the proviso that the
conpound of fornula (1) does not have the fornmula (1V): R R Fe Fe ~9~
'i~~R-8 (1V) wher RiAor R6 and R7 or Rs are ethyl; and ii) a diluent
or carrier; gng wherein sa]| d one or nore conpound of formula (1) is present
I n an anount |sbfficient }:o providgat least | w. %of iron, based on the

wei ght of T6h €I n one odi nrent of the present invention the
conmpound(s) df |formul (1)| do not have the formula (1V): Fe Fe 4~~~R-8
(1V) where B5Bor R/, {andBR7 or R8 are ethyl; and ii) a diluent or

carrier; and ereintthe one or nore conpound of formula (1) is present in
an anount sufficient to provide at least 1 w. % of iron, based on the

wei ght of the conposition. 28 August 2006 3 28 February 2005 According to
a second agpeet, the present invention provides use of a conposition for

each A and B is independently an unsubstituted or substituted aromatic carbon ring or
an unsubstituted or substituted aromatic heterocyclic ring;
the or each Z is independently an unsubstituted or substituted divalent hydrocarbyl

group,
nis O or an integer of from 1 to 10.

with the proviso that the compound of formula (I) does not have the formula (IV)_:

R S R
5 Fe & Fe

<= = O
R¢ R

where Rs or Rg and Ry or Rg are ethyl; and
ii) a diluent or carrier; ana
wherein said one or more compound of formula (I) is present in an amount sufficient

to provide at least 1 wt. % of iron, based on the weight of the composition.

In one embodiment of the present invention the compound(s) of formula (I) do not

have the formula (IV):
R > R;
5 Fe \“‘ FC

— =_— o
R¢ Rg

- where Rs or Rg and Ry or Rg are ethyl; and
ii) a diluent or carrier; and
wherein the one or more compound of formula (I) is present in an amount

provide at least 1 wt. % of iron, based on the weight of the composition.

sufficient to



for decreasing the regeneration tenperature of a particle filter p

| ocated in the exhaust system of a conbustion system V\helzéiﬁlilgt’ﬁ’iab&a
conposition is as defined in the first .aspect . Accordi to a {rd
aspect, the present invention provideg.a use of a corrpos?giFS‘?{“%tZQiéfi ned
in the first aspect as an additive to fuel for decreasing the regeneration
tenperature of a particle filter trap located in the exhaust systemof a

conbust i on AsyGHRE DlecddsictSlhe pREGR RSN bR vRIe! QULER SARRSibn £ he present
as . defimed |rri1

i nvention provides use of one or nore conpoun Yhe first
aspect f or feredgceensingghe regenesefioiciempeturefparagtiole e of a particle filter
trap located in the exhaust systemof a conmbustion system According to a
fifth aspebiter {19p locaedin thayethangnsytaniefes combustion iystom; nwhereinotheound as

defined in i : iLtive to fuel for decreasing the
regener ati%arﬁfog%@ﬁgﬁ?egﬁg? "gﬁlﬁg?stt?%ﬁ'bet'fi lter trap located in the exhaust
system of a conbustion systemfor the fuel. According to a sixth aspect.,.
the present invention provides use of gem nal bisferrocenyl al kanes as an
additive for liquid fuels for operation of high conpression spontaneous

i gni ti on Aegyrdiestowithifd Apevnshd @easenti@ichiicl fovides faiubd 6ffa coMMPbMNGR-as A&imdgust 2006
b 28 Febr%rme%gsgg At\c%ordi n‘ﬂ .to ,a seventh aspect, the present invention
provi des a netho £+ i pu? f"f?ﬁi Bv%t%onpound as defined in the first aspect,
whi ch cqiarfosas : [ | [Webq WLk be
readi |l y under st o%ﬁ%%%@gtrﬁ%ngggﬁgg&ﬁﬁggre%f? ﬁ?ﬁlgggﬁe?lgg ilgér?té'évﬁnmgt he

def i ni ti enhafst syséene ohpoemousobn Systemi fer thd fuet.epr esent t he bond from t he
unsubstituted or substituted dival ent hydrocarbyl group to the respective
A or B group and indicate that the bond can be either to the Aor to the B

group. FAgcoRfg to faleurth@EEst, the Proséod Biventivn PRvidel e o or?ﬁb@éédﬁp‘dhr?dj cdi val ent
e r

hydr ocar byl group to the respective A or B groups nay omthe sane or
a di f f er ggfinedtinmtleffiritgecndobst i t ut ed or substituted dival ent 28 August
2006

decreasing the regeneration temperature of a particle filter trap located in the exhaust

system of a combustion system.

According to a fifth aspect, the present invention provides use of one or more compound as
defined in the first aspect as an
| additive to fuel for decreasing the regeneration temperature of a pa:_ticle filter trap

Jocated in the exhaust system of a combustion system for the fuel.

According to a sixth aspect, the present invention provides use of geminal
bisferrocenylalkanes as an additive for liquid fuels for
operation of high compression spontaneous ignition engines with downstream particle

Ailter systems.




28 February 2005 4 hydrocarbyl group, the former being a_gem nal npound
and the latter being a non- gem nal conpound. In the conp rfdlgBﬁ‘tzP(gq?rml a
(1) each A and B may, for exanple, independently be an gé%nsubs:zé ted or
substituted aromatic carbon ring or bunsubsti tuted or ghrugry

aromatic heterocyclic ring containing, “in the ring, one or nore heteroatons
selected fromO, N and S. Preferably, each A and B is independently an
unsubstituted or substituted aromatic carbon ring. Mre preferably, each A
and B is an unsubstituted aromatic_carbon ring. 1'3 (Ln thgv.corrpound of
formul a (Agcordiagoa seyeathBsneaty the pessent inxesioa prqvifised Batehef RINpneH,

unsubst i or substituted aromatic carfipg, ring or an unsubstituted or
subst i tute%sg‘%{%sr%@ﬁ‘# 1% th fr5taspichf er abl'y an unsubstituted or substituted

aromati c dba{pbﬂes Elthi@iing hieRbaipburitOwith 64rbon Hivxdde atons in the ring.
Preferably, '‘each A anng i s independently 15 an unsubstituted or
substituted aromatic carbon ring or an unsubstituted or substituted

het erocyclic ring, preferably unsubstituted or substituted aromatic carbon

i ng, L ni . 5 7, at inthe.ring. In,th f f I
(1 AV DS A prieBiods, il T BebedSli! oot i oo oBR VO 8 Fo atom
must  bdefikidbnt Hfhe thfipdilird &f BARIL (T) rhrBsehBhRbe &\%I:O{Iﬁﬁlellﬂlsmtwwi ment of

the present invention, either A or B associate a particular Fe atom
i s an oebstifdedidivalent bydrogarby] groupth themespoeiivedA ar Brgrpip andinsiente ithay or an
unsubsf t or. substituted 3-nmenber aromati ¢, heterocyel i igg, wWith

t he ot ﬂieerbl&éf&i RN Pr ST stgl i‘gtog‘éovxﬁ%fﬁgtgﬁ%uf’sa ’éﬁ%g’f)ﬁéﬁ %nénﬂg
unsubstnsubiteied o stibstituted!dehldnt BpdroRaeT Qéuﬁfd)ﬂﬁ_@}ésge@ti%b@ or B fibups  an
unsubstituted or substituted 7-nenbered ~aromatic heterocycliC ring.

Pr ef ermgy P¢ foom tiesamginsai difforentatopeof the omsubstisgatonsuhstitupgd divalendrti cul ar
Fe atomis an unsubstituted or substituted 3-nenbered aromatic carbon
ring, with the other of A and B associated with the sane Fe atom being an
unsubstituted or substituted 7-nmenbered aromatic carbon ring. In an
alternative 30 enbodi nent A and B are each an unsubstituted or substituted,

e.g. unsubstituted, aromatic carbon ring or an unsubstituted or
substituted, e.g. unsubstituted, aronatic



heterocyclic ring containing 5 atons in the zing. Preferably, A and B are
each an 28 August 2006 VWV WIOXVO i 5 unsubstituted or 28uBepst£l%ed
aromatic carbon ring containing 5 atonms in the ring. Mre referably, A
and B are each an unsubstituted aromatic carbon ring havi2ZB&ePmE 28% bon
atons in the ring, i.e. a cyclopentadieny ring. 5 In the conpound of
formula (1) one or nore of A and/or one or nore of B may, for exanple, be
substituted with one or nore substituent selected fromal kyl, substituted
al kyl, al koxyydrenabisy igranpe thefokmenybeing wlgentindl onipound and Yhe lattenbiiyp aanch-
substituted aral kyl roups, preferably one or nore substituent sel ected
from al kyl, ESTHIR ict"H’cngn | kyl, aryl and substituted aryl groups. Mre
preferably, when one or nore of A and/or one or 10 nore of B is substituted
with one or nore substituent, the substituent is an alkyl group.. Oher
sui t abl e sulstth¢ cempeurfdoof formeuld(Bredtbi End)Baupg, fof exaisle Cinclepéndenty! B8 .ane. 9.

cycl oal kgl roups., .and c cI.iccgroups,Wne ein two different carbon atonms on
the A or 5B WPORRITHE] GF Substngpd prashalin FarhoR g ok =& peRksENEd og sBbituiedvihen
P 1 ap ¢ aRdeeneydlo ik bouilg. 1 Yhepol I SE RN BRL ol 1T

fromring to ring. Any Su uent present~on A a nert
under the rémmng Ncandd$ + i Rreferably| eaghdA i andt Beis indgradaitlyoan afnstttingtedppunds
of formul a (81% %gd not . gi veq unf avo ab{Rg%tj r‘]ji)ﬁ'ractions with the fuel or

ot her addi t PSR | AERAAHC; Garhording, e More preferablia sach Aetid Bsianaisubstituted
condi tions \M-dlﬁathﬁca&-ﬁﬁgiiﬂgl apparent to a person skilled in the art.
Suitable substituents for the substituted al kyl and substituted al koxy
groups 1®clude hal o, hydroxy, nitro, 20 al koxy, aryl, cyclic and ester
groups, and.suitabl e sybstituenistfqr the substituted aryl . and substituted
aral kyl gr o&bﬂl‘% Somponad;e |f%f,m“ﬁ%/é? 8%31, Afﬁqdrﬁ,m% 91 examnle,yipdepepdently hean

ester groupansubBtibliél 62 SEbsBiutGAShiatict %?b%} g}ug?'drt%ié &g{?@wﬁﬂéi ?P Rtdtirgqt or

substituents nmy be present on the ar portion of the
group. Par t hetgragyrlic siig preferably dis unsulstitiged @r sbstitifedr aBnsatie edrbion riepups

wth 1-4 C for ethyl .25 graqu Preferahly,. In the
compound of %ru r'ﬁm%ﬁf”fﬁ(%gmaﬁﬁm%“éﬁ? i g’ﬁ%ﬁ‘%% e?fg‘e‘g aﬁ‘grl% F?ﬁngPPFndenﬂY o
connecti®n wh uhisubanpdesbstitié® Bt dhatic sdBork BhFlor Th habibsivlte®@br kit tRbisy!

30 portion of an al koxy or aral kyl group, may be straight chain or branched
chain. 28 Ahg}g@pyglm) ging, preferably unsubstituted or substituted aromatic carbon ring,
containing 3, 5 or 7 atoms in the ring. In the compounds of formula (I), the choice of
the A and B rings associated with a particular Fe atom must be such that the 18-

electron rule is obeyed.

)

D}

20
In one embodiment of the present invention, either A or B associated with a particular
Fe atom is an unsubstituted or substituted 3-membered aromatic carbon ring or an
unsubstituted or substituted 3-membered aromatic heterocyclic ring, with the other of
A and B associated with the same Fe atom being an unsubstituted or substituted 7-

25 membered aromatic carbon ring or an unsubstituted or substituted 7-membered
aromatic heterocyclic ring. Preferably, in this embodiment either A or B associated
with a particular Fe atom is an unsubstituted or substituted 3-membered aromatic
carbon ring, with the other of A and B associated with the same Fe atom being an
unsubstituted or substituted 7-membered aromatic carbon ring. In an alternative

30 embodiment A and B are each an unsubstituted or substituted, e.g. unsubstituted,
aromatic carbon ring or an unsubstituted or substituted, e.g. unsubstituted, aromatic

heterocyclic ring containing 5 atoms in the ring. Preferably, A and B are each an



28 February 2005 6 The term "unsubstituted or substituted dlvalg @t
hydr ocar byl group” as used herein nmneans a group conpr|5| Apeust Y C and
H and which may, optionally, conprise one or nore suitable substituents. A
typi cal UN¥YHLPPuted or substituted divalent hydrocar bGPy an
unsubstituted or substituted dival ent hydrocarbon group. Here 5 the term
"hydr ocarbon!' neans any one of an alkylgne group, an al kenyl ene group, an
al kynyl ene group, which groups may be |inear, branched or cyclic, or a
di valent aryl group. For exanple, the unsubstltuted or substituted
di val ent hy athan l5
cycloalkyleﬁ%ﬂgggu Jd?’he terntﬁ?%@%%g?gl 1ﬁg&nlncfu gnﬁﬁggg grogﬁg”%ut
wherein t heyrelﬁaalﬁybAandtB)hnewaeh bty uasutstiited srdmatit cadben Hhgrhavingchivecarbos a
branched structyre having substituent t hereon, then the substitution
may be on eRORSAD theng, de R gy Qﬂ?%%ﬁ%éigﬁg or on the branch; alternatively
the substitutions may be on the hydrocarbon backbone and on the branch. A
preferred unsubstituted or substituted divalent hydrocarbon group is an
unsubst i § ut eltherconspovadiof formuldi(l)admensr mbie/bﬁAax@’anqnetmvmm@ off Bl maus,t foone
carbon atomin the alkylene 15 1li nkage. Nbre prefekgbly ¥h§ ns §ﬁu Xted
or substi tuf-”é"HnI&P:v be ahistityes WithransPrgrete substitugnt sglectdsie te

bstituted
he al kyl on2ityh BERY, SOt E0C, R Db bR R, i Bt orid‘ e
al kyl ene |i gkmge, prefetﬁbly 0fe ©n gnota shiestinsnd selected ena hlkyl, sabstitied adicyl, bfyl t he
di val ent r.oyl up co | ses ﬁ n one C then_.those carbans
need not ne §‘§?s ctzeryggrqt}pﬁk OW(PTEEE)‘H’ btW ¢n opg,pr mozre of A\ and/or @REOr'y
of the ¢ OF: ypalﬂshatf&mth%né o ittt SlsfnEh MR YubetituBhiOlhin alk¥ grodpe

di val en hy rocar group may contain hetero atons. Suitable hétéro at ons
wi || be app@thkentsuitablehsbatitiehis! fodl the A hemdzort Bagrdups aakaliz; cycﬂmr grcmpssamge

Subbt ten: é§q Sy e, S st oS omErei 10 (Ut PO O SRR A S up
Z, 1nciude DRl fofmiRebt ind! (a0 E’lgtll#%ﬁ e BroRbl Whefl bt théh bhéof £

substltuted or unsu group, "a s Ituted or unsubstituted
aryl group, amd/osBhs tsubstitweed, the suhsumeht(k)lmgﬂ vanydtday lringrto wing. cAAsyibshstitwanbd or

e B X o B T AR BB S 2
preparation of the compounds of formula (I) and not give unfavourable interactions
with the fuel or other additives employed in the fuel. Substituents meeting these
conditions will be readily apparent to a person skilled in the art. Suitable substituents
for the substituted alkyl and substituted alkoxy groups include halo, hydroxy, nitro,

20  alkoxy, aryl, cyclic and ester groups, and suitable substituentsyfor the substituted aryl
and substituted aralkyl groups include halo, hydroxy, nitro, alkyl, alkoxj, cyclic and
ester groups. In the case of substituted aralkyl groups, the substituent or substituents
may be present on the aryl and/or the alkyl portion of the group. Particularly suitable
substituents for A and/or B are alkyl groups with 1-4 C-atoms, for example, ethyl

25  groups.

Preferably, in the compound of formula (I), A and B are the same.

As used herein, in connection with the present invention, the term “alkyl” or the alkyl
30 portion of an alkoxy or aralkyl group, may be straight chain or branched chain.



28-Febmry-2-W 7 AA -,-Fepl | e (V) -Mwherein: eagh A a are as
defi ned above; each P, when present, is independently an a’%rﬁ%i‘?ﬁ?‘ﬁt ed or
substituted dival ent hydrocarbyl group; and mis 0 or an iB:te er 8@ from1
to 10. In addition to the possibility of the substituentZ3B&PHEYE" R/ clic
group, a conbination of substituents maygforma cyclic group. In one
enbodi nent, one or nore 5 of the hydrocarbyl groups, Z, conprises one or
nmore substituted or unsubstituted aryl groups or one or nore substituted
or unsubst i tTHeewdmal fmbibstiitedps sabstitied divalent hdrocdrByl grovpheals seldskrsiant |
one or nore of the hydrocarbyl groups, Z, nprises, as _substituent(s),

co
one or nor e THAHE BSTAGE PoYPEisiag bleasl) G apd/)H anpd whidhmay aeptiorellEy eomprise one

cycl opent adi gn r I . t adi epyl. . Ki Suhst | g t in
the 210 gr Shptiord il FUSHRRER SAT Rl SRS EltedtitR T birstERtg RoGTeR
preparing t thydrocarbyd grop ioan hesubstitatedlor sabstitietl divalént hyicatboalgreup. Here
interactions with the fuel or other addjtives enployed in the fuel.

Subst i t uént $hevieam Mdf%@@ncm% pay,enepf an plkyleng group, anmbkanylpnetgsoup, 8r son

skilled in tah%m ' . t S NV [ en n
Is 0, or one r%‘r%lreg]r %'1“1 ’{%ﬁg&ggﬁ) g%p gg%gew 1§%mhﬁﬁga¥e?0%]#ycpg, %85 d?‘;sh&t aﬂ'l
substi t ut ed gréuph Fureexampls tite ensabitituted v Substiteed el@lvaléxftmlydﬁichwon@mpmay
substituted_ all ;{ groups,. aryl groups, substituted ary al karyl

| ,
groups, subdeianaiisdens, keanghedpliyigne aneyclpaliaylenagrpung Tth@éel%g gﬁ&%ﬁafbw} alsgove,

a1 kyl * gF oupLited BURT et S ot e iR Bocit SRR i REE T
above. For tydmophrbonid e branthédsstiucaure havifg $@bst@anispthetdon, thef tienibstingione
substituted w tg?one or mpre. substituents selected from al kyl

subst i t ut ed MWkYE Gt GUBY Eiedbydraearsom hackeenenar onothey beanchy 5@%&%@2&6
Sui tabl e SUQ&M&H&J@%%&}Q& bfi&ns ?:?Egdcéfbfgﬁ%a%kﬁé’ﬂe @{hgoﬁ Egcf M&?%jﬁ%&i‘#ﬁ o

groups, that nmay present i1'n roup, 1nclude dro
al koxy, cychunsubstithteh torr substitutesl  d2Galéitghpdro2at®6n g0upely aar yndbsttutdl or

substituted divalent alkylene group having at least one carbon atom in the alkylene
15  linkage. More preferably, the unsubstituted or substituted divalent hydrocarbon group
is an unsubstituted or substituted divalent alkylene group having from 1 to 10 carbon
atoms in the alkylene linkage, for example, having at least 2 carbon atoms in the
alkylene linkage or having one carbon atom in the alkylene linkage. If the divalent
hydrocarbyl group comprises more than one C then those carbons need not necessarily
20  be linked to each other. For example, at least two of the carbons may be linked via a
suitable element or group. Thus, the divalent hydrocarbyl group may contain hetero
atoms. Suitable hetero atoms will be apparent to those skilled in the art and include,

for instance, sulphur, nitrogen and oxygen, for example, oxygen.

25 Examples of suitable substituents that may be present on one or more of the
hydrocarbyl groups Z, include halo, a substituted or unsubstituted alkoxy group, nitro,
_a substituted or unsubstituted alkyl group, a substituted or unsubstituted aryl group, a -
substituted or unsubstituted aralkyl group, a substituted or unsubstituted alkaryl group,
a substituted or unsubstituted cyclic group, and groups having the formula (V).
30



Sui tabl e substituents for the substituted aryl, substitute aralﬁﬁé and
substituted cyclic groups, that may be present in the Z 9 ude
hal o, hydroxy, nitro, alkyl, al koxy, cyclic and ester gr. #%é“§§‘§§ rably
al kyl groups. I'n the case of substituted aral kYl groups B t uent
or substituents may be. present on the aryl and/or the alkyl 5 portion of
the group. In another enbodi nent of the gresent invention, Z, when n is O,
or one or nore of the Z groups, when nis froml to 10, is a group of
formula (M): R 4 1 LOT (VI) | K2 10 wherein each R, and R2 is

I ndependent |y _hydrogen, al kyl, substituted al kyl, al koxy, substituted

al koxy, aryl,| aubstituted aryl, aralkyl, substituted aralkyl, cyclic or
substituted ¢ ? ic; and x Jjs an integer of at least 1, e.g. an.integer of
froml to 10. Altern |vq; &v together with the carbon atomto
whi ch they ar Faita ; y forn1 kycllc ring. In one enbodinent x is an
I nt eger of at ﬂeast 2 nd, lin another 15 enbodinent, x is 1. In the group
of formula (M B each R afd R may, for exanple, independently be

hydr ogen, (Cl*=C6) Wyl+—"5ubstituted (Cl-C6)alkyl, (Cl-C6)al koxy, substituted
(G- C6)al koxy, (Co)aryl, substituted (Co6)aryl, ar(Cl -C6)al kyl or
substituted ar(C -C6)alkyl. 20 Preferably, R _and R2 are nethyl. A
preferred g Mdnpalmfeaéb AnaridB @¥d s definevhabayeyxedch B, velrep pResenhds indepgndently an

Under i ho r Sasbeinteche” Rt fdlshh Ruftoet Bk Bicot fad m 1{'P ik A ipdedf ot
conpounds  ofgohp1 Fyh@, (Iﬁ)adaﬁﬁnrtegh&gdselbl fo@m& abdifuchiy WiAE hicpélic pioup, khe

fuel or other additives enploye the uel. R or R2 groups neeting
t hese condi tcombmawoh of bdastlamdtsl nyayefoparacsyclic greump &n sumermkodimeat, one OR 0Tgy ¢

ar oups, _Sna®t UREApABRcHP RNy o ERBPERS GB° oF R paicaignor e 3
hydroxy, ni tofqms @ 68% Ur nfite Suisktifke 2O0GsuBstithel alehyl 2885 asSubstituent(s). In
another embodiment, one or more of the hydrocarbyl groups, Z, comprises, as
substituent(s), one or more groups having the formula (V) in which A and B are .
cyclopentadienyl or alkylcyclopentadienyl rings. Any substituent present in the Z
10 group should be inert under the reaction conditions employed in pfeparing the

compounds of formula () and not give unfavourable interactions with the fuel or other

additives employed in the fuel. Substituents meeting these conditions will be readily

apparent to a person skilled in the art.

15 In one embodiment of the present invention Z, when n is 0, or one or more of the Z
groups, when n is from 1 to 10, is substituted with one or more substituents selected
from alkyl groups, substituted alkyl groups, aryl groups, substituted aryl groups,
alkaryl groups, substituted alkaryl groups and groups having the formula (V) above,
and is preferably substituted with one or more substituents selected from alkyl groups,

20  substituted alkyl groups and groups having the formula (V) above. For example, when
n is from 1 to 10, each of the Z groups may be substituted with one or more
substituents selected from alkyl groups, substituted alkyl groups and groups having the
formula (V) above. |

25  Suitable substituents for the substituted alkyl and substituted alkoxy groups, that may
be present in the Z group, include halo, hydroxy, nitro, alkoxy, cyclic and ester groups.



cyclic and ester groups. Suitable substituents for the substituted aryl,
substituted aralkyl and substituted cyclic groups, that ﬁﬁyhﬁ%ﬁﬁp%%ent I n
the group of formula (VI), include halo, hydroxy, nitro, alkyl, alkoxy,
cyclic and ester groups, preferably ak] groups. In the 283ebmay2iiystit ut ed
aral kyl groups, the substituent or substjtuents may 5 be present on the
aryl and/or the alkyl portion of the group. In one enbodi nent of the
present invention, when n is | or greater than 1, each Zis the sane. 10

I n one enbag]. t . ' Melg! 1 : ; id wo
or more conpan B Biie R RER b et P HRRS ah@yERTRE] S98S 10
conposi t i ongoupthabiay WeReseht inthe Z goapiriackide dal, hidrokpenitronglioyly dikoxy,
formula (1) may, for exanple, be substituted with one or re grou f
formul a (V)cyslie and rester grownss pogferablyralkyl @vgupshdnithe cass PE ,sﬂﬁgwgfl@églix "
are present_in t | .

Formul a1 n 800 A SOFRRal of hublfueBRR ey B Brlpl.OF ¢ L RRA M il

i nventi @n, pditon et®etug(s) of formula (1) conprise one or nore gem nal

bi sferrocenyl al kane, wherein the al kane bridge between the two ferrocenyl
residues is formed by a saturated 20 hydrocarbon, that is to say by an

e R A R O P B B r e o

st rai ght - chai ned. npounds "are “particu ave a bridge

with 2 to 4z grupgwianani feoml 1&6 pogcisal dryuoffosmalis(Vi):t h a propane bri dge.
2,2- bisferrocenyl propane having the fornula (VMis, therefore, a highly
preferred conpound: 25 (VIl) Fe Fe 4~ The conmpound of fornmula (VI1) is
considered to bg an exanple of a conpound having a straight-chai ned al kane
bridgi ng group. |28 August 2006 28 February 2005 10 The conpound(s) of
formula (1) C exampl e, bgfIyesent in the conposition according to

the present invention in an anount sufficient to provide, in the
2

10  wherein each R; and R, is independently hydrogen, alkyl, substituted alkyl, alkoxy,
substituted alkoxy, aryl, substituted aryl, aralkyl, substituted aralkyl, cyclic or
substituted cyclic; and x is an integer of at least 1, e.g. an integer of from 1 to 10.
Alternatively, R; and R, together with the carbon atom to which they are attached,

may form a cyclic ring. In one embodiment x is an integer of at least 2 and, in another

15 embodiment, x is 1.

In the group of formula (VI), each R; and R, may, for example, independently be

hydrogen, (Ci-Cealkyl, substituted (C1-Cealkyl, (Ci-Cealkoxy, substituted (Ci-

Ce)alkoxy, (Cearyl, substituted (Cg)aryl, ar(C;-Ce)alkyl or substituted ar(C;-Cg)alkyl.
20  Preferably, R; and R are methyl.

A preferred group of formula (VI) is whe1:e x is 1 and R, and R, are both methyl.

R; or Ry, present in the group of formula (VI), should be inert under the reaction

25  conditions employed in the preparation of the compounds of formula (I) and not give
unfavourable interactions with the fuel or other additives employed in the fuel. Ry or

Rz groups meeting these conditions will be readily apparent to a person skilled in the

“art. Suitable substituents for the substituted alkyl and substituted alkoxy groups, that
may be present in the group of formula (VI), include halo, hydroxy, nitro, alkoxy,



conposition, at least 2 . % e.g. at least 3 wt. % of iron, b on the
wei ght of the 5 conposition. In one enbodi nent of the pr&&ﬂg“?tﬁéﬁﬁtion,

t he conpound(s) of forrmula (1) is/are present in the co sjtion in an
anount sufficient to provide, at -300C, and preferably ;;B%P%aryr}efwat

|l east | wt. %of iron, based on the weight of the conposition. 10
Preferably, the conpositions according t@ the present invention are free,
or substantially free, of compound(s) of formula (M11): A-Fe-B (VIl1)
wherein A and B are as defined above. 15 In the conposition according to

the present cydh¢edtid Bfted BRoupeMPOLRbiS sulstithantsnibe tel jubstituted argly putstithtyd
di ssol ved or di spersed, preferably dissolved, in the carrier gor dil z,gg;
ent

Preferably atalkytand substibrtedieyclie groups, that meybaipseseatinshe arauppf fraaula

for the co of, formul t 0. | | 1.4 di ng
to the pres gﬁfu e%i%"rh?'éiﬁ?’fyo ﬁ’f“@h%&b%%%&ﬂ%@moéﬂhf %ﬁ%ﬁ@%?&%@%}g%&

di ssol ved i grouf® GRHd dse F stbdtinged aralkyl groess e substitiiehdor sitstituentsvindes a
nmet hod of regenerating a particle filter tra | ocated in the exhaust

system of abepiesensondhe e erdiprx tbe alliyd portiopofdheg59Up. | ocated in  the exhaust
system of a hi gh-conpression, spontaneous ignition engine (e.g. a diesel 25
engi ne), which conprises contacting carbon-based particul ates, present in
the particl g ofiéd bhBbdibienP of el presepiiniehtion, wharhds ¢ ofgreataotipmd] eachnZ is
according to the present invention. Typically the fuel is a hydrocarbon
fuel . In thihesemehod, the conposition according to the present invention
may, for exanple, be l|ocated in a container associated with the conbustion
system for introduction into the fuel prior to 30 conmbustion of the fuel

in the ¢EMOBSbhOBMPYEIEHE of The'praseit idRdfon e oohipositiyn 208iprifetweommore
"carbon-based particul atee', as used herein, includes cgrbon-based

par ti ¢ H at ]§§9m99‘§1dbsszfgf@n‘wda (D) bpdsg diffaring wlues o4~ Bas Ebﬁlqs COTPQFHPRS OB &r
el B o 7 AR S AN T 6 St b

| ubri cat i ngsebistinned Qfitkesnsgmdiecgloapsedf farimild @V such thaegroups bf forduda (V)

conbustion system . . o
having differing values of “m” are present in the composition or one or more of the

15 compounds of formula (I).

In a preferred embodiment of the composition of the present invention, the
compound(s) of formula (I) comprise one or more geminal bisferrocenylalkane,
wherein the alkane bﬁdge between the two ferrocenyl residues is formed by a saturated
20  hydrocarbon, that is to say by an alkane. This alkane bridge can be branched, but it is
preferably straight-chained. Compounds are particularly preferred which have a
bridge with 2 to 4 carbon atoms and especially compounds with a propane bridge. 2,2-
bisferrocenylpropane having the formula (VII) is, therefore, a highly preferred

compound:
25 '
G N == (Vi)
Fe & Fe -

_— <=

The compound of formula (VII) is considered to be an example of a compound having

a straight-chained alkane bridging group.



It is inportant that the carbon-based particul ates, present in the particle
filter trap, and the conbustion products of the conposi t i%Grdugitt &P ng to
the present invention, especially solid, typically particul ate, terial
present in the combustion products of 10 the conpositi ofSdERBIYZAY to the
present invention, be intimately mxed. It is also inportant that the

car bon- based particul ates and the combustd on products of the conposition
according to the present invention, present in the particle filter trap, be
exposed to both heat and an oxidant gas (e.g. 02 or NOA preferably both the
heat and 15 oxi dant gas being supplied within the exhaust gases fromthe
conmbusti on ' O sS3RE ifh ke veMpodition
conbusti on y%gﬁg?gmﬁ)ﬁsfﬁg%%%ﬁ%ggﬁagh%i%r i%gB% gj\!‘%%e pr esent ipnventi on
for decreasacgrdihg toetfengresenbrinvantiopeinatanr empinte sufficéent et drexide.e htthni ch
trapped car bonacequs terjal be 20 qoxidised..t 0 gaseouspr. t Pa.0f a
particle fi FRIBPOSIYCH, af %d"ti %?gﬁeatelﬁ?‘%gs‘?'t' ?&}’s‘&éﬁqn@ aﬁe%o%ﬂ%l}g%g@n&st?gt em
for fuelg fQlm6sdigy. e in the exhaust systemof a high-conpression

spont aneous 1 ghition engine. Again, the fuel is typically a hydrocarbon
fuel. The Present invention still further provides the use of a conposition
according to the 5.invention as ap. additiye to fael, .t Wi C V@

hydr ocar bon'% QB¢ F“%Bf]m&eé’ér‘gjag’f’rﬁesteﬂ mvepiia, 3t°|°8?°1“8%%r°§t:.3r'e' (%f(lgxs/are
particle fi *)fegénttiﬁ R doRGRIshibr 1 dnlinGaP SuFichl &l BEvitle, at —300C aimlt preferablgt em
for the fuel, for exanpl'e, in the exhaust system of a high- conpression
spont aneous ai-gi0i €, ap feashhimie% diroBehised on thesweighbekthe Icampasdion. wher ei n t he
al kane i)({)l dge between the two ferroc=yl residues is formed by a saturated
hydr ocarbon, that is to say by an al kane, have shown thenselves to be
particul arl LbRO! e f ibfs t tHeNtR8den® Ninvéiticn adrk afree,2®r
August 2006Pre§%+hlt%§gr§gr Sér%%giub%z %??ﬂgg%sggn be\igtrai ght - chai ned, branched
or cyclic, subptantinipfrghtofciompoudd(s) obformulad¥IID:but is preferably

strai ght - chai ned. Conpounds are lg%rt}%cul ar%ref erred which have a bridge -
with 2 to 4 carbon atons. In par méufar, ¢ unds with a propane bridge

are excel | ginbrei Al afddd definkd byoveOr use in the present invention.
2, 2-bi sferrocenyl propane 5 is, therefore, a highly preferred conpound.
Al kane-b%i dged feffocene derivatives and the manufacture thereof are

0wt i Wbt ol Lo Wi i oA ity

is/are typically dissolved or dispersed, preferably dissolved, in the carrier or diluent.

Preferably the carrier or diluent is an organic compound that is a solvent for the
compound(s) of formula (I) such that, in the composition according to the present

20 invention, the compound(s) of formula (I) is/are dissolved in the carrier or diluent.

The present invention also provides a method of regenerating a particle filter trap
located in the exhaust system of a combustion system for fuel, for example located in
the exhaust system of a high-compression, spontaneous ignition engine (e.g. a diesel
25 engine), which comprises contacting carbon-based particulates, present in the particle
filter trap, with combustion products of a composition according to the present
invention. Typically the fuel is a hydrocarbon fuel. In this method, the composition
according to the present invention may, for example, be located in a container
associated with the combustion system for introduction into the fuel prior to

30 combustion of the fuel in the combustion system.



unsubstituted cycl opentadi enyl rings, may, for exanple, be _pre arﬁ(? by the
10 condensation of two equivalents of ferrocene with one ezétﬁ‘ &% of a
carbonyl conpound such as a ketone or al dehyde or an equi val ent h as a
ketal or acetal, respectively. In US-A-3,673,232 this i 284¢€ Izﬁ(ﬁed by
addi tion of the carbonyl conpound or equivalent to a two phase system
conposed of a solution of strong acid, ¥ g. sul phuric acid, in alcohol,
e.g. nethanol, and a solution of ferrocene in an organic 15 solvent, such
as toluene, or a suspension of ferrocene in ferrocene-saturated toluene.
Conpounds ofThé oterml a‘chrbpn-bakedr earticulntéssy nad aused | hpreis, imlodesndarbon-basedor e,
of A and/or 13 js a substituted cyc¢l opentadi enyl r.i , e, al kyl.at ed
ferrocenes, PaAgigulatesoegesoqs papielesy Which; ¢ar oﬁlfgﬁ??grl?mmgg@sﬂ%ww %f%é‘ﬁ%d or
substituted : : Ryl | I any | ma

nol ten) at tb gﬁéﬁlﬁ?@ on H?%grr%@? g?ﬁ%ﬁhggéﬂﬁﬁghﬁ\%ﬁ%?%éggggy iktgﬁyb‘go‘mfﬁﬁgn .t);\e

t wo- phase syisbeba formed drgm icombastion of hpbridatimg gil orodthen prganicitasesh matexiaiphound
in the a?sence of the organic solvent. Conpositions containing mxtures of
di f f er en? | y Useh&ithin the gorpbystig Y™ or of substituted ferrocenes with
ferrocene itself, can be prepared through the use of appropriate m xtures
of starting materials. 25 Changes to the manner and/or relative nolar
quantity of Iciimposthntahatihe catbon-based pastidudates, preseicinthe gartiole filtop drap, and

conpounds of fornula, (1) where in formyla OP is, non-zero. For. ex | e,
reaction of the G?H@HW%P@MBO‘PPQ&PBWBO%}BPH rASERRding, 9 véF eWFsengmeeéﬁ%t:ene

wi || produc G L ' . I - of
conmpound of %F 1%: rc %&g%?‘fd) 8&2&\% iryc H?ﬁt%n%%tggac n%égg rllﬁ%i)éf e?gfr)ﬁsrﬁl:bg?ﬁ?%c’tign
whi ch n10s 1he &fnpositigrossotding thitihpresent inyentiors, beAdtiinatelynmofedt he acet one in
two stages, first 0.6 equivalents then a further 0.3 equival ents when the
reaction is substantially conplete, would give a m xture containing a
somewhat hi ghgr | aFRIRRR i 2686ustié8 products of
February- 208{511% af{gi?)gl?%#gﬁlfg ,eaci n whi cﬁmﬁ&ftlscg%teégﬁgﬁh? hgﬂprpcecfure
descri bed afihaeonposifion avgotdive todlcpresent imfentio preagoi inghe pamticlstfilies fagnbe The

Changi ng | n@XBRNH D BeTheat PREAPRGRR s 1o+ G Sougm. PEEroBD PR Dedkrb BT ™
changi ng y r nyl ..

conpoungls or i sellgl%'n \ ' ' GRIOGHBEtSA systeul @ (1) 5
In whic 5n iogﬂildhté%%u gr@?éﬁ%%%%%fiﬁ?ﬁéﬁﬁagﬁﬂéﬂe reactiogﬁsjr’oduct of two

nol ar equi val ents of ferrocene with one of acetone, followed by addition

of a furt her'I‘he present invention further provides the use of combustion products of the

composition according to the present invention for decreasing the regeneration
temperature (i.e. the temperature at which trapped carbonaceous material may be
20 oxidised to gaseous products) of a particle filter trap located in the exhaust system ofa
combustion system for fuel, for example, in the exhaust system of a high-compression

spontaneous ignition engine. Again, the fuel is typically a hydrocarbon fuel.

The present invention still further provides the use of a composition according to the
25 invention as an additive to fuel, typically a hydrocarbon fuel, for decreasing the
regeneration temperature of a particle filter trap located in the exhaust system of a
combustion system for the fuel, for example, in the exhaust system of a high-

compression spontaneous ignition engine.

30 Geminal bisferrocenylalkanes, wherein the alkane bridge between the two ferrocenyl
residues is formed by a saturated hydrocarbon, that is to say by an alkane, have shown

themselves to be particularly suitable for use in the present invention. This alkane



equi val ent of each of ferrocene and acetone. Conpositions _containj
m xtures of differently substituted or of substituted feﬁﬁmgb%gth
ferrocene itself can be prepared through the use of apprgprjate_ piXxtures
of starting materials. 10 According to US-A-3, 673, 232 va?ggﬁ‘ﬂu?rﬁégdéédi tion
rate of the carbonyl conpound or equi vaiiant may result in the formation of
conpounds of formula (1), where nin formula (H) is other than zero. 15
Mol ecul es or conpositions containing different, substituted |inking groups,
Z, can be BHGRACRDNrARRIARIEA! GrafOdl dCHieNS o! QrdiBh:- Giahéneged
above. Conpounds of fornula (1) ’cor%?gllfyni ng?fcc}n’ tﬁeaﬁygrocar yl groupe%,
subst i t uent pabis preferhblyrstrhight-ohainedh eCempouslszeze pantieylaby prefepad evhichnhaverainber

f . Al t O sinplest is th , t arb | d
qul A ent PRI o bt 4Pl R GO LI ComBrurda midhg IPropsee Egg e
equi val ent, efddfibntdn theitdia By 45 6 ﬁ%ﬁ&?%venﬁ?@%??—%@f&ggﬁﬁw&?% to

be taken with regard to the nunber ar equiv eri al
present .5 Al isetheraforee b highly prefemeth dompotimt. Alkane Bridgtdefieerovencsdddivatides and

cont ai ni ng, ,,on_the hydr.ocarbyl .group .Z . suhstituent f_fornula (V),
where mis F&maN “ﬁﬁy‘eﬁeé’fﬁ}/ee%‘g?lgﬁ%dg th PHOL Al €8y &Y r%aay%%| ori nat ed
al dehyde or ketone, and subsequently reacted with a lithiated ferrocene.

Compounds of fornula (1), or mxtures containing conpounds of forrmula (1),
wherein z Cempemulsi ofuforenula (), swlteze in e rfogmplaofIINoisnaéra g A randhBclarem i s
wa For exanpl

non-zero c b 30 pr red i.n several S. e, ,the
reaction pr ﬁkﬁ%tpga%qq?jglgﬁzle tﬂn$soupla¥quf°§agwgleofb"a P P‘i‘rﬁéegg B8 be -
further or eagdndehsitibh of Shd1ShGivaRANGF f&HoteHa! o'a%c@?ui@ eh®oF Of eRfoaPd 2

carbonyl - cont ai ni ng speci es, such as acetone. Alternatively, a 28 AugUst
2006 28 Fetompound 2005 as aketiriceomaldelnpie dGrean equiveldntvstidch as i ketalrar adetal,

f . f | 1) i whi ch s, 0. A h
bosstbi 11ty RS VD oIS a3 2l b oo By dditian of he.eabnyls o
by using a @hippuhdat eguitaleaty dawl phasé SyiRentRofipo Sl oft 488 ulien LI SEORS acid,

reacted wth a conmpound of fornula (Ité where n'is 0 prepared froma nori -
fanct i onal | a®dulphyeRpeid, tralpehodrteg.anetbanalyandomsolutiom ofj farrorehe il #morgapici dged

ferrocqges @i enelsion Y AhdR! & Q%ugperﬁfsjir(r)?leorf Rl rob A & re 0 dene-saturated toluene.

Compounds of formula (I), where n in formula (III) is zero and one or more of A

and/or B is a substituted cyclopentadienyl ring, e.g. alkylated ferrocenes, may also be
prepared in this manner. Where the ferrocene or substituted ferrocene, used as starting
material, is a liquid (e.g. molten) at the reaction temperature used in the prepafation,
20 then the two-phase system may comprise such liquid (e.g. molten) ferrocene
compound in the absence of the organic solvent. Compositions containing mixtures of
differgntly substituted ferrocenes, or of substituted ferrocenes with ferrocene itself, can

be prepared through the use of appropriate mixtures of starting materials.

25 Changes to the manner and/or relative molar quantity of carbonyl compound or
equivalent can be used to prepare compounds of formula (I) where n in formula (I1I) is
non-zero. For example, reaction of 0.67 equivalents of acetone per molar equivalent
of ferrocene will produce a product containing a mixture of unreacted ferrocene, a
compound of formula (I) in which n is 0, a compound of formula (I) in which n is 1,

30 and possibly higher oligomers. Addition of the acetone in two stages, first 0.6
equivalents then a further 0.3 equivalents when the reaction is substantially complete,
would give a mixture containing a somewhat higher proportion of a compound of



using ferrocene, substituted ferrocenes, or m xtures thereqf, For anpl e,
a di hal ogen conpound, such as 1, 4-dichl orobutane, may be %@tﬁﬂ»‘%&oﬁ{th a
solution of lithiated 10 ferrocene. Alternatively, a sol létéi g{;l of &?l um
cycl opent adi enyl, as used in many preparations of ferro e mrﬁf&? i rst be
reacted with the di hal ogen conpound and the resulting bridged

cycl opent adi ene m xed with fresh cycl operg adi ene and used as in the
conventional preparations of ferrocene. 15 Al kane-bridged ferrocenes
wherein the al kane bridge contains heteroatons nmay be -prepared by routes
wel | - known fantubod); iis kihidhatlisi ) thdhethe procedare dosatibddeabolvie ivodviag thd macticene
may be reacth wi th 2-chloroethylether. Aternatively, acetyl ferrocene may
be condense8f 087gquixplentsafiagetone Lhe relative pioportions of sligemerdc speciesinrgsent
product opt| . | am: ' f er
alternati ve?@%%%ﬁﬁ@?%g%gocn?n aédri:g rtll‘gijjé %%qlﬁg%f) F?@%S%éﬁeﬂggﬁ%cny aggggrpthor

equi val ent sarbonyl@omipotiid 6r equNabin®aThuS a high p&}&dﬂi@h@f compound of formula ()
e oyed as startipg materials.

nmet hoxyacet al (&ﬁ%de(_di netqgﬁ acetal) may be tng}p
't may be dis] B is dr showld sespisdiema tedatment of the( Tepctiqnprodysieef fwo molar
accordance i t. resenfal | 0 . S t4
free, of un%‘%‘g?lé‘%gior%% c8§ eai%tlhngxg%t gc%lt%rfe, u@g%&'é(g 2 g@%ﬁrﬁy }l?n(ga%a er |e}éltl I n
the prepar atquinaleht sfuedthCeieadteheoind acettned Compositiohs esmtaiigy mikturss of
he conpound of faornmula (1) decreases the sol u%i lity é)r
or

f d, wh t ) . 1
3 ir gpg ;iGbi | fltfge?wlméstnmﬁne ghsubstitutesd @r@@%nqswbafeappa}e ifsslfican g prenase
di | t ' b | -on, f th d of
formi'a {1y iF0hgh P ube B SBRRARE mfhults of Pertbilenly: |07, L0 COTPOMTH O

startingomaterial. A conpound of fornula (D free, or substantially free,
of iron-containing starti n%ﬁmateri al, may, for exanple, 'he ﬁbt ai ned b¥

sel ecting t AECorgE toddS A di78:284 yarving thcadsiiomrale phhegar cOBRPRG 8T of
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prepared by appropriate modifications to the schemes outlined above.

Compounds of formula (I) containing, on the hydrocarbyl group Z, substituent(s) of
formula (V), where m is zero may be prepared in a number of ways. Amongst the
20  simplest is the use, as the carbonyl compound or equivalent in the process outlined
above, of a di-carbonyl species or equivalent, such as a dialdehyde or a diketone.
Appropriate care needs to be taken with regard to the number of molar equivalents of
each material present. Alternatively, a compound of formula (I) where n is O and
containing, on the hydrocarbyl group Z, substituent(s) of formula (V), where m is zero,
25 may be prepared as outlined above using a chlorinated aldehyde or ketone, and

subsequently reacted with a lithiated ferrocene.

Compounds of formula (I), or mixtures containing compounds of formula (I), wherein
Z is substituted with substituent(s) of formula (V) in which m is non-zero can also be
30 prepared in several ways. For example, the reaction product of a diketone with four
equivalents of a ferrocene may be further reacted with a single further equivalent each

of ferrocene and a carbonyl-containing species, such as acetone. Alternatively, a
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be condensed, e.g. with ethylene diamine, and the resulting di-imine product optionally
reduced to the diamine, e.g. with NaBH;. As a further alternative, compounds
20 containing both at least one carbonyl group or equivalent and one or more
heteroatoms, for example, methoxyacetaldehyde(dimethylacetal) may be employed as

starting materials.

It may be desirable for the compound of formula (I), when used in accordance with the
25 present invention, to be free, or substantially free, of unreacted iron-containing
material used as a starting material in the preparation of such compound of formula (I).
For example, it is preferred, when the compound of formula (I) decreases the solubility
or dispersibility of the iron-containing starting material in the carrier or diluent present
in the composition of the invention, for the compound of formula (I) to be free, or
30 substantially free, of the iron-containing starting material. A compound of formula (I)
free, or substantially free, of iron-containing starting material may, for example, be
obtained by selecting the reaction conditions for the preparation of such compound of
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the combustion system produces combustion products which typically contain carbon-

15 based particulates. The combustion products arising from the gombustion of the
composition according to the present invention and which comprises solid iron-
containing species such as iron oxide(s), and the carbon-based particulates, are
intimately mixed in the exhaust gases from the combustion system and the particulate
material is filtered out by the particle filter trap. Whilst not wishing to be bound by

20 theory, it is believed that particulate material present in the combustion products of the
composition according to the present invention, which particulate material comprises
iron-containing species such as iron oxide(s), is responsible for, or at least contributes
to, a lowering of the ignition temperature of the carbon-based particulates and, hence,
the regeneration temperature of the particle filter trap. Therefore, at the operating

25  temperature of the filter, episodes of spontaneous ignition occur and the carbon-based
particulates, e.g. soot particles, are burned off to produce gaseous products.
Alternatively, means may be used to raise the temperature of the particle filter or of the
exhaust gases, thereby obtaining a so-called “forced regeneration” with the presence of
the products, obtained from the combustion of the composition according to the

30 present invention, serving to reduce the input of energy required to achieve the “forced
regeneration”. Consequently, in combustion systems comprising particle filters which

are present in the exhaust side of the system and designed for permanent operation,
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formula (1) have a high degree of solubility or dispersibility, preferably
solubility, in the diluent or carrier present in the conposition, but also
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(a).  at least a portion of the surface of the carbon-based particulates being

coated with solid combustion products of the composition according to

the present invention;
20
(b).  at least a portion of the surface of solid combustion products of the
composition according to the present invention being coated with the
carbon-based particulates; and/or
25 (¢). solid combustion products of the composition according to the present

invention being intimately mixed with particles of the carbon-based

particulates.

Preferably, the compositions according to the present invention are metered into the
30 fuel, e.g. from a supply container. This metered addition to the fuel may, for example,
take place shortly before the fuel is supplied to the combustion system, ¢.g. an internal
combustion engine present in a vehicle. Alternatively, the metered addition to the fuel




or diluent selected is not excessive at high tenperatures, the stability at
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di ssolve in organic solvents to give a solution having an iron content of
up to 10 wt. % are stable down to - 25}%, and partially stable down to -
40' C and beyond. Further, it has been found that 2,2- bisferrocenyl propane
solutions containing 2.5 wt % iron are stable at 15 - 400C. The diluent or
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>1700C to 2950C, and a total aromatic substance content of > 98% by wei ght
is particul arlcﬁésui table. A solvent such as this is PLUTGsoff APF. An
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t he conpositions and could, for exanple, result in, 28 Augqust 2006, 28
February 26¥mplegspark jgnétion ¢ngines ysinggaseline and oaperially gasdinefirestingection ¢ hi s
connectionen%ﬂ viscosity of conpositions according to the present

i nvention, containing one or nore gem nal bisferrocenyl al kane conpound and
having an iron content of 2.5 % by weight, is less than, or approximtely
equal to, 25 nPas at a tenperature of -400C. 5 Conposi,tions according to
the presentWhen/i: enbustientsyptemals) ¢n interpel eembustioneenging opya vehicle and a

15  composition according to the present invention is supplied to the fuel from a supply
container located on the vehicle, it is particularly advantageous for the supply
container to be as small as possible since this is space and weight conserving. In order
that the supply container for the composition according to the present invention can be
kept as small as possible, the composition according to the present invention should

20  preferably be of a relatively high concentration with respect to the compound(s) of
formula (I). Secondly, when the composition according to the present invention is
metered into the fuel, the concentration of the compound(s) of formula (I) in the
composition should not be so great that excessive requirements need to be imposed
upon the accuracy of the metering operation in order to achieve permanent and

25  constant metering into the fuel.

A concentration of iron up to a maximum of 30% by weight is advantageously present
in the composition according to the present invention. Preferably, the composition has
an iron content of up to 10% by weight, more preferably up to 7 % by weight. An
30 even more preferred composition has an iron content of from 2.0-5 % by weight, and a

yet more preferred composition has an iron content of from 2.5-5 % by weight.
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2, 2- bi sf erroce&al -al kane, is 2,2- bisferrocenyl propane. 5 *-Preferably, the
ger ni nald bisfe -ocenyl al kane, e.g. 2,2-bisferrocenyl al kane, is

The diluent or carrier is preferably an organic solvent in which the compound(s) of
formula (I), e.g. the geminal bisferrocenylalkanes, is/are dissolved. Suitable organic
solvents include highly aromatic solvents in which the compound(s) of formula (I),

20 e.g. the geminal bisferrocenylalkanes, is/are highly soluble. However, if desired a
non-aromatic or low aromatic solvent may be used. In the case of non-aromatic or low
aromatic solvents, the absolute solubility of the compound(s) of formula (I) therein
will be lower than in highly aromatic solvents but the solubility relative to ferrocene
will typically still be higher. A highly aromatic solvent with aromatic substances

25 having 9 to 16 carbon atoms and a boiling range of >170°C to 295°C, and a total
aromatic substance content of > 98% by weight is particularly suitable. A solvent such
as this is PLUTOsol™ APF.

An advantage of the geminal bisferrocenylalkane compounds is that the viscosity of
30 compositions according to the present invention containing such compounds is not too
greatly increased within the low temperature range. This could otherwise have adverse

effects upon the pumpability of the compositions and could, for example, result in
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such a sa@jvent is PLUTGsol APF. Preferably, the solution of the gem nal
bi sferrocenyl al kane, e.g. 2,2- bisferrocenylal kane, is dosed into the fuel
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(e.g. an ethyl t%roup Preferably, the particle filter Séetems are
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15  range of 1- 25 ppm has proven advantageous, the optimum range being 5-15 ppm, in °

D

particular in the preferred combustion system (i.e. high compression spontaneous

ignition engines).

If the compound(s) of formula (I) are liquid at ambient temperature, and preferably
20  liquid at from -25°C to +90°C, and more preferably liquid at temperatures of from
-40°C to +90°C, then it may be possible to use such compound(s) in accordance with

the present invention in the absence of carrier or diluent.

According to further aspects of the present invention there are provided:

25 o The use of geminal bisferrocenylalkanes, e.g. 2,2-bisferrocenylalkanes, as an
additive for liquid fuels for operation of high compression spontaneous ignition
engines (e.g. diesel engines) with downstream particle filter systems.

. Preferably, in the geminal bisferrocenylalkanes, e.g. 2,2-bisferrocenyl-alkanes,

_ the alkane bridge between the two ferrocenyl fragments is formed by a saturated

30 hydrocarbon (i.e. an alkane) which may be branched or straight chained.

Preferably, in the geminal bisferrocenylalkanes, e.g. 2,2-bisferrocenyl-alkanes,
the alkane bridge between the two ferrocenyl fragments is an alkane with 1 to 8,



5 bi sferrocenyl al kane, e.g. 2,2-bisferrocenyl al kane, to the fuel.
Preferably, the liquid fuel is a conventional fuel for hidﬁfB$WﬁPg¥§ion,
spont aneous ignition engines, particularly diesel fuel, includin

bi odi esel . The conpositions according to the present inv@ﬁf?@ﬁmﬁggp f or
exanpl e, conprise one 10 or nore additiyes in addition to the conmpound of
formula (1), for exanple, to inprove vaffous aspects of the fuel to which
the conposition is typically added or to inprove var ious aspects of the

combust| on syst g pGLhoLTRC Geo S AP ke drhonale AN dibkesy] 86 dilsun

detergents, carP corrosion in ol our

stabilisers, ngh#h al§PGith XS, partieGlaflv toulyBseclaliiyry) eatbon atdther conbustion
i mprovers, antifoans, 15 pour point depressants, cold filter_pluggin

depressants, waRreferablystietdemigaldisferocenylalkane spgr B arhisferrpeanylnalkans, is 33?93 :
snoke suppressagts?, I ubrli city agents, and other particulate filter
regeneration ad@PStyREENYPIPPAR%i tion to aiding in the regeneration of

articlesgfiltgr t ] 0esyS i grid, Ois
p 5 ¢ P}éfteﬁlﬁlgj, g‘gﬁi %é\;redcrilﬂl FerPydeayRilkand0 e/ S2.200iSferd caByalk

system for fuel, 1 t hat the Conpositions according to the
present inventi dissolsgd invneorgpnie selvent preférablydnp bighly arampaticesalenti ng

conbustion of the fue], give rise to ipproved.c ustion Qf,,the fuel d
thus have a o refesably; rfg? (ROREFUTHER ?%%ﬁﬁ%?%ﬁ@ﬁfwg#% She 8%sent
nvention ST blsttdiShy B 46 ShsdFRll af 16RU ek hét o SoTROH Rthibits an

according to the 1 nvent , onprises extracting the conmpound wth
carbon di oxi dejrohynteat by 0sk+p@ rveeigliti mextentaprefenabliy o kal &, weight perdentsimere

vent | D 25" ARGEOIGHSO SHeRU PEEY: BIGIeRIEAATT G, PR AL - 150G,
e P 1o B RhebRbhR SR it 0l deRi BRI Grablley Al a (i T APF

was found to be y we In relation"to the iroh content of the
sol ution and at -25°¢)@{paticulhl dodnite ablead -4@°Co by wei ght. ExMle | 10 For

é(z- bi sf errocenyl propane, under the condjtions disclosed i rkzgornrp)a%r%}&\&el
anpl e e Preferably, the solution exhibits a viscosity of <25mPas , e.g. ,
iron content of 2.5 weight percent at a temperature of -40°C.
15 ¢ Preferably, the highly aromatic solvent is a highly aromatic solvent with
aromatic substance content of >98% by weight.

e Preferably, the highly aromatic solvent is a highly aromatic solvent with
aromatic substances within the range of 9-16 carbon atoms and a boiling range
of >170 - 295°C and a total aromatic substance content of >98% by weight. An

20 example of such a solvent is PLUTOsol APF.

o Preferably, the solution of the geminal bisferrocenylalkane, e.g. 2,2-
bisferrocenylalkane, is dosed into the fuel before it is fed to the engine.

e Preferably, the solution of the geminal bisferrocenylalkane, e.g. 2,2-
bisferrocenylalkane, is dosed to the fuel such that the iron content of the fuel is

25 0.1 to 100 ppm, more preferably 1 to 25 ppm, and particularly 5 to 15 ppm.

e Preferably, one or more of the four cyclopentadienyl rings of the geminal
bisferrocenylalkane, e.g. 2,2-bisferrocenylalkane, independently of one another
is substituted, e.g. carries at least one alkyl group with 1 to 4 carbon atoms, more
preferably an ethyl group, as a substituent. For example, each of the four

30 cyclopentadienyl rings may be substituted.



1, solutions with an iron content of 7.5 % by wei ght were found tz&)bbe
stabl e without any problens. Exanplle 2 15 A sol ution of 28August

2, 2-bi sferrocenyl propane in PLUTGsol TM APF with an iron %ggtent ?éﬂﬁ 2.5 %
bY wei ght was found to have a viscosity of 8.6 mPas at a2t &RIBFEFPe of
15T and of 21 znPas at a tenperature of - 40T. Further

vi scosity/tenperature observations are Zlven in Table |I below Labl |
Tenperature ['Cl Viscosity [;nPas] -40 21.0 -30 14.8 -20-10.5 -15 8.6
-10 -6.8 04.8 20 2.7 252.5 402.2 5022 6020, 90.2.0 20
ExMVpl e, 3 TabkePiefanblys pnlyothe awodbridged rings eack cairy facsubstivient, nd paefarably

PLUTGsoP APF with_ ap (ron ec)ntent of 2.5 %.b I ght, the observed vapour
pressure behavi SEﬁhWBSQtH@‘tSﬁtEEFﬂP?&% qnﬁh%@%%‘\}l?\ﬁ'éncy on tenperature. 28
'[A“rjrggff 2006 28 pEGHLHEY e iRcle fifter SRténLart HERERSH M Sicl ARPAY tHaf BRéredout M

soot particles are burnt off as a result of the addition of the geminal
5 bisferrocenylalkane, e.g. 2,2-bisferrocenylalkane, to the fuel.
e Preferably, the liquid fuel is a conventional fuel for high-compression,

spontaneous ignition engines, particularly diesel fuel, including biodiesel.

The compositions according to the present invention may, for example, comprise one
10  or more additives in addition to the compound of formula (I), for example, to improve
various aspects of the fuel to which the composition is typically added or to improve
various aspects of the combustion system performance. Suitable additional additives
include detergents, carrier oils, anti-oxidants, corrosion inhibitors, colour stabilisers,

metal deactivators, cetane number improvers, other combustion improvers, antifoams,

15 pour point depressants, cold filter plugging depressants, wax anti-settling additives,
dispersants, reodorants, dyes, smoke suppressants, lubricity agents, and other

particulate filter regeneration additives.

In addition to aiding in the regeneration of particle filter traps located in the exhaust
20 system of a combustion system for fuel, it is believed that the compositions according
to the present invention may, when present in the combustion system during
combustion of the fuel, give rise to improved combustion of the fuel and thus have a

positive influence upon the exhaust gas values.

25 The present invention still further provides a method of purifying a compound
according to the invention, which comprises extracting the compound with carbon

dioxide, typically supercritical carbon dioxide.

The following Examples are presented to illustrate certain embodiments of the present

30 invention.



201 402 503 605 708 80 13 90 20 5 ExMe 4 Fuel tabil'(s , ASTM
D2274(') Table 3 DF, clear() DF~3), 2, 2-bisferrocenyl propar‘?g ‘?uStggaﬁlyt Ive
(20 ppmiron) Colour No. Start of Test <0.5 <0.5 End of Z‘.s%m<1.2805<1.0 10
Filter Assessnent DF, clear~4) DF -2, 2-bisferrocin-y-1pr 3% Y4 “Y8ddi ti ve
(20 ppm iron) Total insolubles/filterabgz 0 O and adherent [ng/100m |

Fuel ageing at 950C over 16 hrs wth air, subsequent filtration and
assessnment of the filtration pad (Watman No. 1; 11 pin). Two-fold
assessnments were carried out each tinme. 15 (2) DF, clear = diesel fuel

with no 2, 2ki enyl propane as additive. DF = diesel fuel. This
Exanpl e deM@t hat the presence of 2, 2-bisferrocenyl propane in the
fuel does not adversely affect the stability of the fuel. 20 Exg=le 5 Fuel
Stability Tests According to two in-house test nethods 25 28 August 2006

28 FebruaryC ative Example 1:
5  At-15°C, the solubility of ferrocene in the highly aromatic solvent PLUTOsol™ APF

was found to be 1.5 % by weight in relation to the iron content of the solution and at
~40°C was found to be 0.72 % by weight.

Example 1
10 For 2,2-bisferrocenylpropane, under the conditions disclosed in Comparative Example

1, solutions with an iron content of 7.5 % by weight were found to be stable without

any problems.

Example 2
15 A solution of 2,2-bisferrocenylpropane in PLUTOsol™ APF with an iron content of

2.5 % by weight was found to have a viscosity of 8.6 mPas at a temperature of — 15°C
and of 21 mPas at a temperature of —40°C. Further viscosity/temperature observations

are given in Table 1 below.

Table 1

Temperature [°C] Viscosity [mPas]
- 40 21.0
-30 14.8
-20 10.5
- 15 8.6
-10 6.8
0 4.8
20 2.7
25 2.5
40 2.2
50 2.2
60 2.0
90 2.0

20
Example 3

Table 2 shqws, for a solution of 2,2-bisferrocenylpropane in PLUTOsol™ APF with

an iron content of 2.5 % by weight, the observed vapour pressure behaviour of the

25  solution in dependency on temperature.



24 Test Method 1: A fresh sanple of base fuel, as descri be%%&gT%ﬁe 7
bel ow, from storage under nitrogen bl anket at -70C to 50('3, st ered
through a No. 4 Gooch crucible filter 5 containing two Egel\_y S Ar}g\gr 2.4 cm
glass fibre filter papers and the col our determi ned acco iﬁg""‘f“é' M
D1500. 100 cnB sanples of the fuel were then charged to scrupul ously

cl eaned borosilicate glass screwcap (cap3contains a 6 nm vent hole)
bottles (Com ngl372). Additive stock solutions were then added to fuel

sanpl es as appropriate and the fuel colour re-determ ned. The sanples were
then 10 pronptly placed in an expl osion-proof oven set at 80*C 2*C.

Sanpl es were aged for 7 days at this tenperature before renoval and
cooling in the absence of strong |ightratle2z anmbient (21 *C to 26'C) over a
period of between 3 and 24 Haemperatkbe enti | &ajodctress@érpl es wgre then each
filtered under vacuum t hrougheparate 4.25[mbf cm No. | Whgtinan filter
papers (referred to below ag20original fil{ér paper"”) held ijn a MIllipore
filter holder assenmbly Cat. {MO. )MD 047 20J2The filter paperis were then
stored briefly in separate Ja&@uum fl asks Blst the colour gf the filtered
fuel was determi ned by ASTN6D1500. The bhofésilicate sanple fbottles were
then rinsed with several alliZ8uots of iso-p8tane  and the wgshings filtered
through the respective origili$4l 20 filter piher Finally_ tHe filter papers
t hensel ves were washed with li%a-octane_and!2%1 | owed to air dry. A

refl ectance_neter iPhotovoIt Refl ectonmeter) is ideally then used to rate

the filtér o elimnate the possibility of observer bias and inprove
inter-operator 25 conparability. However, where such a neter is not

avai | abl e, el Stabikty, ASTM D228 V(as on this occasion) be visually rated
for contam nation by conparison to a pHiblgdraphic set of standards; these
standards nte between | (white) and 20 (very dark arey-brown) Resultg
fromthis {est nethod arle given in Tablf ®Fsclée? ow. DFY, ZPrbisferpiensliirongneraol|e 4
correl at es{phat ographi c Ist andards agai gst neter raddtiva(0 ppmimphust 2004 28

February 2069ourd. Tap| e | StapefTastt or net ¢r0¥eadi ng |VW03ual Fuel Stability
Rat i ng %na ity of stabilljEndofTest <1.0 <1.0

7

Filter Assessment
DF, clear'” DF),-2 2-bisferrocenylpropane as y
additive (20 ppm iron)
Total insolubles/filterable 0 0
and adherent [mg/100ml] :

® Fyel ageing at 95°C over 16 hrs with air, subsequent filtration and assessment of the
filtration pad (Whatman No. 1; 11um). Two-fold assessments were carried out each
time.

15 @ DF, clear = diesel fuel with no 2,2-bisferrocenylpropane as additive.
©®) DF = diesel fuel.

This Example demonstrates that the presence of 2,2-bisferrocenylpropane in the fuel
does not adversely affect the stability of the fuel.
20

Example 5

Fuel Stability Tests According to two in-house test methods

25




(0/6 Reflection) (Photographic standard no.) 80-100 1-3 Eg& Iené 5-79
4-6 Good 55-64 7-9 Marginal 30-54 10-15 Poor 1 0-29 1 1 & poor
Test Method 2: The procedure for the ageing of the fuel 2@§:hm éb@ﬁ

that of Test Method | but 5 there were slight differenc aIyS|s
In this test method the adherent nateriaé was rel eased fromthe walls of
the sanple bottle by washing with trisol ént (1:1:1

met hanol : acetone: tol uene), re-precipitated with i so-octane, collected on a
separate f ity . and rated separately. Additionally, a weight of
filterable and a3 erent deposits was obtained through wei ghing of the
dried filter papers before and after 10 filtration. Results fromthis test

nmet hod are given in W Tabl syl t Test I\/Ethod

Unl ess o hePwiEsh §@I§P§d9fe Bﬁ%"e%!ﬁ 8% eﬁ%fhegdeRi @ei bp@% emeﬁs?rage nder’

COct anoat e( | o ME p a
iron) (20 p%)unt’{dlé%on teét?djl\/gﬁog‘gd#{esﬁﬁﬁﬁg ﬂ%&cﬁ u§ﬁﬁ(a§]?" %e?ﬁg’%}?:a}uc@ (ﬁ&%&
Start < 3. 5centlining<@wd Redved Ehgélsliék&n’é gleksS fisfe L’ﬁlﬂerS a}ﬁré taaxlakhee culawal |

| | Residues ratin é; Ref | ect ance 98 98 97 ,\Weig thgé:gsM 15 12
Adher ent Vi detgmipe alccorr:t@g. tués tD aOQaefMOQc@ran@@npbﬁet) tizel gwerg thgno o

0 Cct t : =
val ue ? (r;(r)acgh %W&ﬁt’ lg%ger?gg gar%élhéta&o lagsggéers eé&Bydagﬁ )%?1 Lse%:gnfr%'?ni ng
t he commer cveit hod@)rbcnﬂm){@xnﬂigd)m)mklénhlvy sta?c‘lmarohﬂiombntmbythen added to fuel

samples as appropriate and the fuel colour re-determined. The samples were then

10  promptly placed in an explosion-proof oven set at 80°C % 2°C. Samples were aged for
7 days at this temperature before removal and cooling in the absence of strong light to
ambient (21°C to 26°C) over a period of between 3 and 24 hours.

The entire fuel samples were then each filtered under vacuum through separate 4.25

15 cm No. 1 Whatman filter papers (referred to below as “original filter paper”) held in a

Millipore filter holder assembly Cat. No. XX20 047 20. The filter papers were then

stored briefly in separate vacuum flasks whilst the colour of the filtered fuel was

determined by ASTM D1500. The borosilicate sample bottles were then rinsed with

several aliquots of iso-octane, and the washings filtered through the respective original

20 filter paper. Finally, the filter papers themselves were washed with iso-octane and
allowed to air dry.

A reflectance meter (Photovolt Reflectometer) is ideally then used to rate the filter
paper to eliminate the poséibility of observer bias and improve inter-operator

25  comparability. However, where such a meter is not available, the filter papers may (as
on this occasion) be visually rated for contamination by comparison to a photographic
set of standards; these standards rate between 1 (white) and 20 (very dark grey-brown).
Results from this test method are given in Table 5 below.

30  The following Table 4 correlates photographic standards against meter readings



under this test than do those containing ferrocene and
2, 2-bi sferrocenyl propane. The stability of the materi al B8 August 2094 ent
invention is shown to be as good as that 20 provided by thg:gareggﬁgonpound
(ferrocene) and virtually indistinguishable fromthat o lew fuel.
28 August 2006 28 February 2005 26 Exanple 6 TEST METHOD A suitable
engi ne test procedure to allow perfornangg screening for candidate fuel 5
additives and different DPF (diesel particulate filter) technologies is as
set out below. The devel opnent and formof this test are nore fully set
out by B Terry and P Richards in "A Mtdrd for Assessing the Low .
Tenper at ur ¢ RegAcehter padidger  pr mvisasl FuéelfStablligRatingPar | | ¢ ul Quatitylef stébdlits and

Fuel - bor ne| Cat al(%RefléctisdE 200D- O (PLb®@phiddteaddrést) nmet hod used in this
Exanpl e wa$ as set80l® in the| above- nentli3oned SAE [0 2000-BE3delle®22 and {was
as follows] A set 6§-7%ive tes} points fridmwithin the nuch IGeeder matrifx

Tabl e 6,Magigalfiyve td

for engi nejoperati &rfhas usefd as set odt? bel ow in st
points arelmarked #fh a Tablp 6: Test ¥Welfrix Engi he Speed g"Pév/m n) 1260
1550 2710 lnn 10 Tor qun 20 1' Irﬁ 30-Forle

conditions the en e was operated. for 14 hours To protect the 15 DPE
fromther rraTeiiaMstamd ZESuI ting from excessive soot burnout, an arbitrary
exhaust a ure t Wwas ti ons.
cxhaust || baie BLESAHEE il hedR oF e, A Rl lent PouBPEE AN HGRRE) e

exhaust gasthepdWeraA§liHe differérites Bpthétana]/}‘%ﬁr dntthie tést aidiest theidhveut thateriatli se
t he soot spontaneously

e.

(i.

oxi di sed duwesgelaasedafromt e
required. The ahBl.LlalseSiaYS

hi gh duty operatl ng conditions).
owallst off @ecﬂ@mnh boftlet bye wapting ovithy tisedyeni €l iloh was

e\'\%%llgated th 30 erarate

tre-%%ecclfplp

however ,

gty

| i
1so—c§gté[.n

filter paper and rated separately. Additionally, a weight of filterable and adherent

deposits was obtained through weighing of the dried filter papers before and after

10  filtration. Results from this test method are given in Table 5 below.
Table 5
Results (From Test Method 2, unless otherwise stated)
Base Diesel Ferrocene  |2,2-bisferrocenyl] Octanoate(1)
propane
Additive Additive Additive
(20 ppm iron) | (20 ppmiron) | (20 ppm iron)
Test Method 2 | Test Method 2 | Test Method 1
Colour Start <0.5 <05 <0.5 <1.0
Finish <0.5 <0.5 <0.5 1.5
Filterable Visual 1 1 1 15
Residues rating [Reflectance (%) 98 98 97
Weight (mg) 14 15 12
Adherent Visual 1 1 1
Residues rating [Reflectance (%) 98 98 98
Weight (mg) 0 0 0
' Octanoate = commercial iron complex, Iron tris(2-ethylhexanoate).

15  *=value for combined filtrable and adherent residues. E
Clearly fuel containing the commercial iron complex shows markedly lower stability
under this test than do those containing ferrocene and 2,2-bisferrocenylpropane. The
stability of the material of the current invention is shown to be as good as that

20 provided by the parent compound (ferrocene) and virtually indistinguishable from that

of untreated fuel.



nbar for each of the operating conditions. The test prot ocol t hu onsi st ed
of the following; start the engine, allowing a mnute f or28t/Hisug %8(?

fluids to begin to warm up. 28 August 2006 28 February 2005 27 n for
-a total of 70 hours at the steady state operating condi tzrggﬁ@'“arygﬁ(#ut he
engi ne at the high duty operating conditigpn to produce a forced
regeneration in order to secure soot burnout prior to the next test. Tests
were run with the five operating conditions in the sequence 3000/ 30,
1550110, ©SE#ahple%, 2710/ 30 and 1550120. An averaging wi ndow i s set up such
t hat the exhaust pressure at the start and finish of the w ndow is equal,
thus elimnating any warmup effects. The mean exhaust back pressure is

t hen used a liqw%ﬁlf& p on for assessing the system performance. The | ower
the nmean exhaust ‘back pressure, the better the system perfornmance. 10 TEST
ENG NE~ EQUI PMENT AND FUEL The wor k was undertaken using a Peugeot XUD-9A
engi ne rmunAemhmahleeergaiel ’est prcedurg aomliowapetfatnanpe edreshing fp wandidatet facheat

exchang lLectri cti and connectors for .instrunmentation
si gnal s. Th ltb%ﬂsme&%aﬁf PR (dicgel paisnlnte £l nitgchnolegieshisi ascset gut beleWch,

cont ol ea i PRATGRF 8 R OF s Y g SOV AN A but By B ety and P

t enper at ur eRichade irc'th Methddfbr MmSBigl tha Loy DomsaratupdR egéhetation Rerfurmahdecr s
integrated Junto. .the secopda t system supplies. The test bench was
control | ed eﬁéﬁlﬁm‘?’ {%ﬁnﬂg‘o%?gﬁmeﬁ}tﬁ ggEC%@Qt ?%bem The test
engi ne was of the indirect injection (ID) type, enploying a R cardo Conet

20 type prerihREbRetHIAShLN in tAR BOGSE WRSAO WA if tﬁ@labow!rdeaﬁsﬁed smsl i ne
with a single overhead canshaft operating two valves per cylinder.
total d0ept2000+01rk923fandiveas agfglloves:was 1905 cnB. The engi ne was nat ur aI I y

aspirated with a 23.5 : 1 corrpressmn ratio and was fitted with a
Rot o- Di esel el, pu and ntl.e type,fuel injegctors. The en
exhaust syﬁé%‘h%a@v%ﬁﬁ W‘étﬁ%fs 3‘? e‘é‘é&‘i‘qﬁg‘gr@ﬁ I GReine apgration %Stl on ..
25 whi ch ccusédiagmeﬁpwl&tv%?aﬁﬁlseﬂymteét?@ﬁﬁéem ?:em&ke@%&d@kt' sed base fuel

used throughout this study was an EN 590 cation

Table 6: Test matrix

Engine Speed (rev/min)
1260 1550 2710 3000
. 5 *
Engine 10
Torque 20
(Nm) 30 " -

For each of these test conditions the engine was operated for 14 hours. To protect the

15 DPF from thermal damage, resulting from excessive soot burnout, an arbitrary exhaust
back pressure limit was set for each of the operating conditions. If this limit was
reached the engine duty was increased to raise the exhaust gas temperature to the point
where the trapped soot would oxidise (i.e. high duty operating conditions). If
however, the soot spontaneously oxidised during normal steady state operation then no

20  further action was requited. The arbitrary exhaust back pressure limit was set to 300
mbar for each of the operating conditions. The test protocol thus consisted of the
following;

e start the engine, allowing a minute for the engine fluids to begin to warm up.



fuel. An analysis of the fuel is given in Table 7. 28 Aug;%t 2022 8
February 2005 28 Table 7 Description ULSD (Utra Low Sul |A‘1§|us 8‘?

Sanpl e nunber 992662 Density, Kgllitre @150C 0.8299 Densit Kgllitre
20*C 0.8262 Viscosity, cSt @O0*C 2.6811 d oud point, %fe%fﬂ?fy%é‘#n
-24 Sul phur content, ng/kg 35 Distillation: IBP(') @C 168.0 10% Vol .

OC 209.0
anal ysi s:

CNI (3) content, npfér¥ t&aPoX070 Kdues st the stadf staRHpefdtington§itiohs. 11194  Net

t,

Q@
C
@

50% vol. @*C 269.5 90% Vol .97@*C 27.5 FBP(') @C 352.5 FIA(4)
% vol. Saturates 78.6 %vol. Aefins .6 %vol. Aronatics 20.8
Cet ane nunber 52.8 Calcul ated cetane index 54.9 Flash point *C 64.0

heat of conbustion, CaYg 10433 (1) = Initial Boiling Point (2) = Final
Boiling Point 5 (3) = Cetane Nunber | nprover

10

15

20

25

e run the engine at the high duty operating condition to produce a forced

regeneration in order to secure soot burnout prior to the next test.

Tests were run with the five operating conditions in the sequence 3000/30, 1550/10,
1260/5, 2710/30 and 1550/20.

An averaging window is set up such that the exhaust pressure at the start and finish of
the window is equal, thus eliminating any warm up effects. The mean exhaust back
pressure is then used as the criterion for assessing the system performance. The lower

the mean exhaust back pressure, the better the system performance.
TEST ENGINE, EQUIPMENT AND FUEL

The work was undertaken using a Peugeot XUD-9A engine mounted on a pallet
arrangement and equipped with appropriate heat exchangers, electrical connections
and connectors for instrumentation signals. This pallet arrangement was connected to
the engine test bench. The engine dynamometer was a Froude AG150 eddy current
machine controlled by the CP Engineering Cadet ' system. Engine operating
temperatures were controlled automatically by suitable 3-term controllers integrated
into the secondary coolant system supplies. The test bench was controlled and data

logged using a CP Engineering Cadet system.

The test engine was of the indirect injection (IDI) type, employing a Ricardo Comet
type pre-chamber design. The engine design was a four cylinder, in-line with a single
overhead camshaft operating two valves per cylinder. The total swept volume of the
engine was 1905 cm’. The engine was naturally aspirated with a 23.5 : 1 compression

ratio and was fitted with a Roto-Diesel fuel pump and Bosch pintle type fuel injectors.

The engine exhaust system was modified to allow ready interchange of a center section

which could.incorporate a selection of DPF's.

The non-additised base fuel used throughout this study was an EN 590 specification
fuel. An analysis of the fuel is given in Table 7.



Fl uor escent

(4) =
whet her runni ng the engi ne at these condit
different fael -bome catalysts,
di ferrocenyl propane as fuel additive.

| ndi cat or Adsorption (1P 156/92 and ASTM D 131
August 2006 28 February 2005 29 COVPARI SON OF ADDI TI VES 2§45 ugitt
ri_m nat
tests were run using fer%ﬁggﬁﬂa‘ﬁﬁgog
Boyp were used at the appropriate

ions would dis

H

) 28
ne

et ween
2- 5

treat rate to give a total of 20 ppmof netal in the fuel. The additives
were both tested in the sane SiC DPF (silicon carbide diesel particulate
filter). RESULTS Table 8 10 En&ne conditabrrr (speed in rev/mn, load in Nm
and pre-DPF pressures (nBar) for five key tes conditions, ferrocene

addi tive: Conditi gmeskpsibd | On 1N Max. = M n*[ULSWTUEa Kow bl DiesdRt testl
Standard (nmBar) [Peviation (nBar) 1260/5|3 115 40 75 18 110 1260/ 8 111
40 74 16 107 155(KkiDicumbef 6 10/ 38 4 logbb6¥0110 7 234 24 112 53 j218
1550/ 20 5 234 20 1550/ 20 10 191 36 108 38 185 2710/30 4 206
107 162 is 199 21DMBOKNIRIAB 13°C1 170 24 208993000130 1 270 99 187 [33 253

t he nH
ensityDRFligr @28 e i n nBar

28 August 2006
iscosity, cSt @40°C

Cloud point, °C

Sulphur content, mg/kg
[Distillation:

IBPY @°C
10% vol. @ °C
50% vol. @ °C
90% vol. @ °C
FBP? @ %
FIA® analysis:

% vol. Saturates
% vol. Olefins
% vol. Aromatics

|Cetane number

Calculated cetane index

Flash point, °C

CNI® content, % v/v

Gross heat of combustion, Cal/g

et heat of combustion, Cal/g

0.826Ran = the nean pre-
D.6811

L7
24

35

168.0
209.0
269.5
327.5

352.5

78.6
0.6
20.8
52.8
54.9
64.0
0.000
11194

10433

Xi mum pre- DPF pressure in nBar.

F

(1) = Initial Boiling Point

(2) =Final Boiling Point

(3) = Cetane Number Improver

(4) = Fluorescent Indicator Adsorption (IP

5

156/92 and ASTM D 1319-88)



28 February 2005 30 Table 9 Engine condition (gpeed in rev/mn, éoad in
Nm ) and prg--DPF pressures (nBar) for five k te t condiﬁﬁdﬁ?P“ZOG
2.2-diferrocOLlI pLopane additive: gy s Condition Position_in test &%x. M n
Mean a Mean + 2a 1260/5 3 127 48 81 15 112 1260/5 8 151 2A&eyay4%36
1550110 2 202 12 101 39 176 1550110 7 214 28 116 42 201 1550/20 5 175 24
85 36 157 1550/20 10 131 44 86 17 121 2910/30 4 183 131 159 8 174
2710/30 9 179 131 153 10 172 3000/30 1 187 123 155 11 176 3000/30 6 214
135 180 14 208 5 From Tables 8 and 9, conparing the two additives, within
each set clearly the nore reproducible pair of results is the nean back

pressure. TAUOMPARISONDOF ADDIEHVESN back pressures, in nBar, (and
standard deviations) for the two additives. Condition Feffocene additive

R i 50 e S i e

86(17 271 6.2 e 1 1 0
1265(11) 1800 oA et SR Bebhe 08 et Sore "RAhlly RAoZe 14 (22
2, 2- bi sf&rr difermydepyhpapene dst fuebadditive. sBeth whret used2xt ihe fgproprige yiept mgtare i s

at | east as effecti s, an 0ssi bl iqQr.to, ferrocene.in the
regener at i ofVGf2 tBﬁ’:l %?8&%%9?@&@@5 "B? ﬁ'{é‘u ﬁﬁ)é éﬁé@é{ﬁs b5t te§ lb ¢ same
i pl i cati ongid® pPFEllicoR Thtbedd ABsePyatieite fiRrfXoM e 7:

RESULTS
Table 8
10 Engine condition (speed in rev/min, load in Nm) and pre-DPF pressures (mBar) for five key test
conditions, ferrocene additive:
Condition Position in | Max.* | Min** | Mean*** c Mean + 20
test Standard (mBar)

Deviation

(mBar)
1260/5 3 115 40 75 18 110
1260/5 8 111 40 74 16 107
1550/10 2 134 26 107 ' 38 184
1550/10 7 234 24 112 53 218
1550/20 5 ‘ 234 20 106 51 207
1550/20 10 191 36 108 38 185
2710/30 4 206 107 162 18 199
2710/30 9 234 111 170 24 218
3000/30 1 270 99 187 33 253
3000/30 6 266 95 182 36 253

* Max = the maximum pre-DPF pressure in mBar.
** Min = the minimum pre-DPF pressure in mBar.
*** Mean = the mean pre-DPF pressure in mBar.
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28 February 2005 31 ferrocene,
to arrive at o-tlnun1gyntheses

for

of par tlizblePar, d

erlvatlves

use with un-substituted and al kyl ated 28 August 2006
respectively. Variation of these conditions
in partlcul ar to

n‘aXl m se the SNEMeICone Al ali yas. ,n‘ll a8 _1 d1H_ang pre _4:- ) .Ill' ) Ba1 J0r | NERY AGSE Such
as al kenyl ated ferrocenes angPfifionshadiferocenylpropane addifivey i red t o separate the
desired sol ppd & gm tot-s—i-s—dpenpd-t-pbewithin-the scopgof—5-those
skilled in ﬁ‘%‘og } 3953 #to SOk b Mg féﬁﬁ&;a:El g. 10 é%%pﬁ&m_ aci d
(98 Wt % H2SP 691596 20— g—eau STINRY; ,4ngt-k 16..l (2{4. 4 g,
6.7 nol) in A€ B f-ask—Th Lo ol ut 48 n—tau B‘Wfaw' wastrgERtatned at
bel ow 40' C r‘ssqa L & (1 ~ooaant z’ozhf\thizﬁnA ;IJ AVTINLYS Tﬂnr\ ad IIG_IL onr F\t e The
) 550;/‘11 LI \I \VA > VVAAT ?lﬂuut LI : Ccr o I]r LAY LAY | P T T4 0[ AN T A .

sol ution AStertret—to—ar-facketen; weltis b atH-bi-one ++e—Fenct or

: P1550/20" 15 - 4, 18 o 36 - 115y~ P
equil pp6d W 5 OVEY Icau Tt T I AR B 7 st 121 —aeppI Nng
flumel, them et &u.u bot-ton tﬂ?i et .134“;5— } 35; eact \ Hhpt 1 her
charged wi th7pgRger FgTerToceng7 130259+ ° isjmi ) stredt 7} -mi~thf t ol uene
(130 9). ThEsobgsFEto jContEnts ™ \va tHen; §55 T O 8Pp € by gére—TiTul ati on
of hot oil [F6EEET | § € | acket]z@md 38 TaPiEg Y St{F €U0 gogTEALEl an
enul si on of "The nmetnanoti c phase and 20 totuene stuorry.—The carponyl
conmpound (0.35 nol, | equivalent) was then charged to the dropping funnel

and addeyl dpQBHTEBleS @ At J QA aPing qu@Ew@%uﬁw@ mute%éh 3kt Seardy

uniformrate.

The react
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contents wer e then held,

W th

%éaﬁréally

strong agi tation,

at 80*2*C f@Prcﬁlumblﬁsalbefms@tsmthegnemhmk@cssumol to anbient tenperature

over ni ght .

by filtration.

phases, and

Furt her
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t ol uene (130

ther
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10

25 Were ferrocene crystallised out on cooling this was renoved

g then added to the liquid

water (10 cn?) was added,

d staﬁ’cﬂidtd%étﬁﬁk ?Jr BRREhdalile,

organi c _phase

| phuric aci d phase was en separate

[ @GHERRNS Db Ferfodensaddiive CITB 1070 '%an&focéﬁ?lbﬁbanb Yeditive
1260/5 75 (18) 74 (16) 81 (15) 88 (24)
1550/10 107 (38) 112 (53) 101 (39) 116 (42)
1550/20 106 (51) 108 (38) 85 (36) 86(17)
2710/30 162 (18) 170 (24) 159 (8) 153 (10)
3000/30 187 (33) 182 (36) 155 (11) 180 (14)

From the above Table 10, comparing ferrocene and 2,2-bisferrocenylpropane, it can be

seen that 2,2-bisferrocenylpropane is at least as effective as, and possibly superior to,

ferrocene in the regeneration of particulate filter traps in diesel engines and by

implication in other combustion systems.

15

Example 7:

The existence of any effects on solubility and solution viscosity due to changes in the

substitution on the aromatic ring and/or on the bridging group was examined by

preparation of a series of bridged ferrocenes i.e. compounds according to formula 1 of

20

the present invention.

Two sets of standard conditions were employed for the

preparation and isolation of these products, for use with un-substituted and alkylated



30 water (2 x 200 cm), dried over anhydrous sodi um sul phate and rated
by filtration to renove the drying agent. Crude product r‘?lS)(At‘iﬁPﬁzg&a
contam nated by varyi ng anounts 28 August 2006 28 Februaréé_?IOS G%f of
unreacted ferrocene was recovered by renoval of the tol uef & eary g0 o ary
evaporator. Isolation of bridged ferrocenes: 5 Solid materials were ground
in a pestle and nortar in the presence ofiheptane and filtered to recover
solids. The process was repeated until thin layer chromatography (Merck

Al um niurn oxide 150 F2s4 (Type T) stationary phase, 3 to 4 parts EtOH to |
H20 as nobi Ifarg@deasapspertivelss Sdaridtiondflthets conditiens ub atrive atadptimdm egntiieses
ferrocene. The 10 materjal was then dissolved, in a m ima%ﬁ?uantit, .0f hot
hept ane, hotof artculas deriypldyes, b parfisuiay tq)mxermsyébamlgém QFRNG dﬁg’i’-ﬂ‘&e
Crude produ e ( | bl [ . Lhds.
The product gbﬁnv\%@ é ?tg%rdlg(b? %ﬁiﬁﬁsgg‘geypsgspgtrkgﬁg%gg@hﬂéé%{%gn%{doﬁl%@% gieer %tﬁlogn
and so wer e réqifedab @epardte the desifedrsobtbbnprodukts,cis deemdé do the withinithe ssope of
solution. Agaln, progress was nonitored by tlc. On occasion crude products
conprised m sgkdledan fheiathng solid. Here, a judgenent was nade as to
which if the above techni ques was nore likely to be appropriate (i.e. a 20
sticky solid would be ground with heptane in a pestle and nortar, an oil
cont ai ni ng suspended solids woul d be dissolved in the m ni nrum of hot

hept ane, then refriqerat eg%é_rWlere time and quantity of material avail able
permtted, threRarat i&"é]SF QEREE- per f or ned. Again, purification nethod
sel ection and/or progress was nonitored by tlc. 25 Final and near-conplete
renoval of ferrocene fromsolid, oil or m xed phases was achi eved by

subl i matlon Sulphari@. 4¢idr 98 ,wiB® HzS030195 gpartaiodnwat ddded aacefully ky Imdthdnol

ferrocenes: 28 August 200 2&Vebmxup2 .
(214.4 g? 6.7 mol) ?n a con?cal agk. Q%e solution temperature was maintained at

below 40°C by cooling (ice-water bath) and changing the addition rate. The solution

was transferred to a jacketed, well-baffled one litre reactor equipped with an overhead
turbine agitator, reflux condenser, dropping funnel, thermometer and bottom outlet.

15 The reactor was then further charge& with po'vx;déred ferrocene (130.2 g, 0.7 mol)
washed in with toluene (130 g).

The reactor contents were then warmed to 80+2°C by the circulation of hot oil through
the jacket, and were rapidly stirred to create an emulsion of the methanolic phase and
20  toluene slurry. The carbonyl compound (0.35 mol, 1 equivalent) was then charged to
the dropping funnel and added dropwise to the reactor over about 15 minutes at a
substantially uniform rate. The reactor contents were then held, with strong agitation,

at 80°22°C for 6 hours before being allowed to cool to ambient temperature overnight.

25  Where ferrocene crystallised out on cooling this was removed by filtration. Further
toluene (130 g) was then added to the liquid phases, and after a further 15 minutes
stirring, water (10 cm®) was added, where required to aid phase separation and
agitation stopped. The methanol/sulphuric acid phase was then separated and the
organic phase washed with aqueous base (2 x 200 cm® 10% NaHCO; or NaOH) then

30 water (2 x 200 cm3), dried over anhydrous sodium sulphate and separated by filtration
to remove the drying agent. Crude product mixture, contaminated by varying amounts -



33 Al kyl ated ferrocenes provided reaction products with carbonyl ounds
that were viscous oils at anbient tenperature, becom ng %85}“%5%@@6??(3 on
war ni ng. Accordingly, enulsions conprising nethanolic Ség[% uric 8@' d and
solutions of alkylated ferrocenes in toluene were treat Py @t
equi val ents of carbonyl 5 conpound at 80%C, as above. The organi c phases
wer e separated, washed with base and dr? d. Tol uene sol vent and unreacted
al kyl ated ferrocenes were renoved by distillation to | eave the products as
oils. No fur [ d.SQl Al | . i gt ian r

Properti es: oigﬁ{ﬁdgﬁé&cgén og:%{lgsva%?g t?%e&'é%rqrp%sl%%v\hgvgl e%gt P%a%cg edc%ngftjlﬁgé gggl of
C H N anal ysvaporateco CHNS 932). This assunes that all isolated products
were free, or substantially so, of wunreacted carbonyl conpounds, or
oxygen-contai ning reaction products thereof Ferrocene contents of the
sanpl es wer L er [ pn a Finnigan MAT 15 GCQ (GCI M5), using a
Supel co W@?@P&soggﬁggﬁ)geﬁg%sf lary colum (30 mx 0.25 mmi.d. 0.25p
filmthigkness) initial tenperature 401C, held for 2.1 m nutes before

ranpi ng to 2000C at 100C. m n7l before holding for, 20 m nutes, _injector

t enper at ur e Soli¢gnaterialep ware\grovndcin 8 pesticonrd miartay dp Jhe pyeseney P%Pﬁété‘EF’ &84 nst

pure ferroc STR ! t i 4 als I noed,
Purther - chat aeted D abRiisE sohl, “Phe prick or e Wil g 15 rcifgiehy
AC200) . | nt Qderki Alundhivey okidpeis0dike(Tybe T)rseitionsry] phiusé,t3 tadgartd FOH ppin
downfield o M5 (tetranethyl silane) ip . C6D6] agains hosge,.of an

car bonyl - dehﬁléeﬁf IBPblé\‘gPhibﬁeLmqlca\ﬁﬁﬁg&lﬁsS@B?S %hDg? é‘a‘]?ﬁﬁ%@labb'etfreec ferogenpe The
qual it ajgve, [ r@ﬁ]iﬂ] | ﬁg%rf f Wely efeh @
were r a;lo [ nlﬂzagEf r%&@?;agltgﬁ g?}bs%}t@%q@% ts Ealeggérfie r eqogthlgg%ht ’ohc')ltl\&/tsll.ter%er e
possi bl e, ceacbeered by mecrysaliisatiohent ¢doliag. as nmet hyl , net hyl ene or net hyne,
via the DEPT (D stortionless Enhancenent by Pol ari sation Transfer)
experinment. Solubility testing was undertaken using the estinmate of Fe
content frogmutd ' S [ fsofidy, PP dusts _
known to be 30 ewgg%?s?ﬁ%%?%glﬁ?%gg%ggﬁg%%%%%%&%o Sgl];ls was estimated
by differenwere hind tor pliasehseparate sfiiom shephene qr ocfugemtibe | amd $00 weon separated

|S:g Ef L ZP # glo mot%l'%cgie, vth?crfxdteESéd ti\)/%grﬁgi% ig fsol%{i(o)x(lj.u %ggist), pr208gré6§l§ %Jasstmglg]l%?‘ed %}§
tle.

On occasion crude products comprised mixtures of oil and solid. Here, a judgement
was made as to which if the above techniques was more likely to be appropriate (i.e. a
20 sticky solid would be ground with heptane in a pestle and mortar, an oil containing
suspended solids would be dissolved in the minimum of hot heptane, then
refrigerated). Where time and quantity of material available permitted, trial
separations were performed. Again, purification method selection and/or progress was
monitored by tlc.
25
Final and near-complete removal of ferrocene from solid, oil or mixed phases was
achieved by sublimation at < 0.6 mBar, 80°C.

30 Preparation of bridged, alkylated ferrocenes:



34 sufficient to provide the required concentration of irorg as 0361 nsation
products were weighed into screwcap vials and nmade up t & 16 g ith

tol uene. The sanples were capped, shaken or swirled unt i2I ong%@&%]s t hen
seal ed using Parafilm". The vials were then kept in an gt"%?/‘?‘ !

glycollwater filled bath held at -301C and periodically 5 inspected for the
appearance of solids or separation of |iguid phases. After at |east one
week solids were separated by rapid filtration and sol ubl e products

i sol ated by renmoval of solvent under vacuum Follow ng analysis of the

solids, max W&@@%nd&&%%ﬁ&%&d&i FOAN&S %ﬁ%&%%@gﬁﬁ&h&mﬂm

bal ance. 10 Viscosities o o iron solutions ermned using a
Bohl i n | nst viseoutss oil€Va@t r amsbiest ctemperatgrea W@oingmhighlye mobile| at ewammiigear

rates of either .2 Pa or 0.5 Pa. Table 11: Theorgtical Anal yses, for

Condensat i o A\cggrgmg& seTpplsiens  smprsing; pathanelic, r%‘ﬁﬁ]%ﬁ'p%‘ﬂa d gx‘éoﬁ‘?}i"—“"@ﬁr Bbny|

Cal cul at ed = l:at = Fe
AT BRREOR) B et i OB ot

0/ 0144m) (OKM M (K (ol (0/'1 2°5. 88
27.10 67 74cempdundcat BH°C) as @meteoriEhq Osanici phasasrwerd Gepdtated S waghed56itls haset

6.01 26.25 2 | at. 65. 66 5.26 29.08 66.02 5. 20.28 * .78 3 B i dehyd
67.63 6. 16 3% g%tegé.ﬁé‘“%‘?%?"q!%‘?tlﬁ“ Mﬁﬁﬁﬁﬁqﬁl@t&ﬁaﬁeﬂwnﬁ Werg emgVeq B, 06
7.52 21.52 dhtilishitb YAk Bu&d a8 3il$ N6 fifrfhed iso%oﬁ%ve@-ré{ui%- 14 6

| soval er al dehyde 68.20 6.42 25.37 69.19 6.69 24.13 7 Pentanal 68.20 6.42
25.37 69.18 6.69 24.13 8 Benzal dehyde 70.46 5.27 24.27 71.96 5.23 22.82 9

Phenyl acet aldehyde ..70. .54, 23.55 72.46 5.56 21.98 10 p-Tol ual dehyde
70.91 5.54 bﬁ{e %Sgé?“gﬁcé’f%@%ei-l Cycl ohexanone 69.05 6.25 24.70 70.21
6.47 23;32 12 1, 3-Cycl ohexanedi one 67.35 5.42 27.23 67.71 5.42 26.88 13

2, 4- Pent anedi one 66.86 5.50 27.64 67.16 5.51 27.33 14 2, 3-But anedi one
66. 53 5. 34 bhenienkhtstof te3dniplessWerd bstimated onl thedasisrof G/H/MNBaralgds Plzed?

67.52 5. 68 %%%0932). This assumes that all isolated products were free, or substantially so, of
unreacted carbonyl compounds, or oxygen-containing reaction products thereof.

Ferrocene contents of the samples were determined by GC/MS on a Finnigan MAT

15 GCQ (GC/MS), using a Supelco MDN-5S fused silica capillary column (30 m x 0.25

mm i.d. 0.25y film thickness) initial temperature 40°C, held for 2.1 minutes before

ramping to 200°C at 10°C.min™" before holding for 20 minutes, injector temperature

275°C, He flow 40 cm.s™! constant velocity, calibrated against pure ferrocene.

20  Where suitably crystalline materials could be obtained, further characterisation was
performed using 'H and *C nmr (Bruker AC200). Integration of cyclopentadienyl
protons [shift range 4-4.5 ppm downfield of TMS (tetramethylsilane) in C¢Dg] against
those of any carbonyl-derived bridging unit was used, where possible, to provide

. qualitative information on the degree of oligomer formation. All spectra were run in

25  CgDg solution with shifts reported relative to TMS. Where possible, carbon atoms

were identified as methyl, methylene or methyne, via the DEPT (Distortionless

Enhancement by Polarisation Transfer) experiment.

Solubility testing was undertaken using the estimate of Fe content from C/F/N
30 analysis. Since the iron content of ferrocene is known to be 30 wt%, that present as
condensation products was estimated by difference. This procedure assumes the

products below to contain substantially only C, H and Fe. Masses of produci(s)



16 Acetone 1 69.25 6.90 23.85 69.82 6.99 23.19 17 Propional dehyde 2 69. 25
6.90 23.85 69.82 6.99 23.19 18 Acetone 2 69.25 6.90 23. 83838983 280%9 23. 19
19 Pentan-3.=02 70.17 7.33 22.50 70.96 7.52 21.52 120 1 Heptan4-gne 2 1
71.00 7.70 1 21.30 71.94 7.99 1 20.07 15 The terns cal c#P&edamdfOn = o
and n =1 in the table above refer, respeg4ively, to conpounds of fornula I
wherein n in formula Il is O or 1. Entry | a refers to a lower purity
fraction isolated fromthe condensation reaction of 0.6 equival ents of
acetone wi tshfficéant tocprowide Rho mauired Teincemtratipn of iranias icogdenisation podutis wetehy |

t .28 LA t 2006 . 28 Eeb 2 35 i nst | t adi |
ones P s oes tEsishe S SHextim ol and Topts e T & e RRiege, THY SHRBRE Firene”
present, abQibned SRikeA Br ﬁgfbﬁ%rftﬁ o%g%od\éo&l‘é sealed PURFIm™ - The Vfalse

prepared using ferrocene. conpounds re made using di nethyl ferrocene

such that A werelttBnikepf br aniethgleht ghywdl/whater filted tath heldedt300Q @nd penivdicatiyy |
groups. 2 cqrrpougéi% were made usi ng_ethyl ferrocene such that one of or B
in formuPa 18spseied forthe sppearance| qf solids of peparatigpehligeide Rhases: Halter Heleast
being, in e : ' [ : | : ks, for
| sol at ed Co?r’%gs‘fet% ?%ﬁgﬁyg}g%%b@%%%| ra%ﬁﬁ@%ﬁ”ﬁ‘éﬁ’ okieﬁg?g’}é&edr‘%igl lrs?)%& gg b'?;’ound
No. ConpoundembyaFelf stlvehemidepvacmath. Kollowifiglanal9sis rofnthe SO6hdsyimainuin cakim)

M | Acetone ,66.11 5 67 28.22 n,d. 28,22 1 a Acetone (9% oligoner) 66.35
5.62 28.03 W‘E‘B?@‘ﬁ%ﬂeﬁ@fﬁmsam%@%@nsl.l%lag‘g?&iﬂwsg. 24 3 Butyral dehyde

67.17 6.10 26.69 n.d. 26.69

10  Viscosities of 2.5 wt% iron solutions were determined using a Boblin Instruments

CVO rheometer using a 4° 40 mm cone and plate at shear rates of either 2 Pa or 0.5 Pa.

Table 11: Theoretical Analyses for Condensation Products of Ferrocenes with Carbonyl Compounds

Comp- Carbonyl Calculated forn=0 Calculated forn=1
ound
No. Compound C H Fe Cc H Fe
(%m/m) | (Y%om/m) | (%m/m) | (%m/m) | (%om/m) | (%em/m)

1 Acetone 67.02 5.88 27.10 67.74 6.01 26.25
la Acetone (9% oligomer) 66.59 5.85 27.56 67.74 6.01 26,25
2 Methylal 65.66 5.26 29.08 66.02 5.20 28.78
3 Butyraldehyde 67.63 6.16 26.21 68.49 6.37 25.14
4 2-Ethylhexanal 69.72 7.12 23.16 70.96 7.52 21.52
5 Isobutyraldehyde 67.63 6.16 26.21 68.49 6.37 25,14
6 Isovaleraldehyde 68.20 642 2537 69.18 6.69 24.13
7 Pentanal 68.20 6.42 2537 69.18 6.69 24.13
8 Benzaldehyde 70.46 5.27 2427 71.96 523 22.82
9 Phenylacetaldehyde 70.91 5.54 23.55 72.46 5.56 21.98
10 p-Tolualdehyde 7091 5.54 23.55 7246 5.56 2198
11 Cyclohexanone 69.05 6.25 24.70 70.21 6.47 23.32
12 1,3-Cyclohexanedione 67.35 5.42 2723 67.71 542 26.88
13 2,4-Pentanedione 66.86 5.50 27.64 67.16 5.51 2733
14 2,3-Butancdione 66.53 5.34 28.13 66.80 5.33 27.38
15 Acetonyl acetone 67.18 5.65 27.17 67.52 5.68 26.30
16 Acetone' 69.25 6.90 23.85 69.82 6.99 23.19
17 Propionaldehyde? 69.25 690 | 2385 | 69.82 6.99 23.19
18 Acetone? 69.25 6.90 23.85 69.82 6.99 23.19
19 Pentan-3-one’ 70.17 733 | 2250 | 70.96 7.52 21.52
20 Heptan-4-one’ 71.00 7.70 21.30 71.94 7.99 20.07

15
The terms calculated for n = 0 and n =1 in the table above refer, respectively, to

compounds of formula I wherein n in formula I is 0 or 1. Entry la refers to a lower
purity fraction isolated from the condensation reaction of 0.6 equivalents of acetone

with ferrocene. From the 'H nmr spectra integration of the methyl group protons '



4 2-Ethyl hexanal 73.20 8.15 18.65 < 1.0 18.65 5 Isobutyral dehyd @ 19
6.97 21.84 < | . 0 21.84 6 Isoval eral dehyde 70.33 6.63 238 $§0 .59 7
Pentanal 68.79 6.94 24.27 2.0 23.67 8 Benzal dehyde 70.22 5,41 2§ &7 1.5
23.92 9 Phenyl acet al dehyde 74.63 5.82 19.55 3.5 18.50 28 [5ewaydifenyde
71.63 5.52 22.85 8.3 20.36 11 cyclohexdggne 70.85 6.57 22.58 1.0 22.28 12
1, 3- Cycl ohexanedi one 64.51 5.75 29.74 <170 29.74 13 2, 4-Pent anedi one
67.03 5.88 27.09 < 1.0 27.09 14 2, 3-But anedi one 65.52 5.82 28.66 < 1.0

28.66 15 Acet.onyl acetone 76.40 7. . . . e 06
6.94 25.00 é‘gi‘."%y%%ﬁﬂﬁlta&;‘?ér°8ﬁ“f %"}%fgé%‘%%g%%é‘%%% %’glyg%’eﬁég %@g‘efs‘ﬁﬂo 02%%7

is Acetone ‘f0= 84o e piéseht, dbOut<d molPedil=Bhad dSulkeit an- 3-one’ - 70.50 7.45 22. 05
< 1.0 22.05 20_ Heptan-4-one2 68.85 6.90 24.25 < 1.0 24.25 15 See

expl anatory notes beneath Table 11. 28 August 2006 28 February 2005 36
Tabl e 13: O;Q%gr_res of Solubility Determ nation for the Isol ated

Conposi tion %m Carbonyl Solubility at -30C Solubility of Fe as product
ound No. 5Cormphiitinds d-Ws%udre Propabéd@ingferrodentcet one Clear Solids < 3.2 wt %
by dilution, I a Acetone (9% ol oner ear Solids 2 Meth lal_Soljds. Solids
3 Bu al deh deompaurdsSutreasadensing diniethylfamacens spefrihat Amé%szwmaiasﬁéw ear

Gear 5 |sohy | dei dii6fosentReny! groups.

2 compounds were made using ethylferrocene such that one of A or B in formula II and

in formula III is ethylcyclopentadienyl, the other being, in each case, cyclopentadienyl.

10
Table 12: Analytical Details for Isolated Compositions.
Comp- Carbonyl Found Implied Ferrocene Iron as
ound
No. Compound C H [Fe] Content product
Yom/ | (%omt/ (%m/my) (%m/m) (%m/m)
m) m)

1 Acetone 66.11 5.67 28.22 n.d. 28.22
la Acetone (9% oligomer) | 66.35 5.62 28.03 nd. 28.03
2 Methylal 65.60 5.16 29.24 29.24
3 Butyraldehyde 67.17 6.10 26.69 nd. 26.69
4 2-Ethylhexanal 73.20 8.15 18.65 <10 18.65
S Isobutyraldehyde 71.19 6.97 21.84 <1.0 21.84
6 Isovaleraldehyde 7033 6.63 23.04 1.5 22.59
7 Pentanal 68.79 6.94 24.27 20 23.67
8 Benzaldehyde 70.22 5.41 24.37 1.5 23.92
9 Phenylacetaldehyde 74.63 5.82 19.55 3.5 18.50
10 p-Tolualdehyde 71.63 5.52 22.85 83 20.36
11 Cyclohexanone 70.85 6.57 22.58 1.0 2228
12 1,3-Cyclohexanedione 64.51 5.75 29.74 <1.0 29,74
13 2,4-Pentanedione 67.03 5.88 27.09 <1.0 27.09
14 2,3-Butanedione 65.52 5.82 28.66 <1.0 28.66
15 Acetonyl acetone 76.40 7.04 16.56 3.50 15.51
16 Acetone! 68.06 | 6.94 25.00 <10 25.00
17 Propionaldehyde? 6939 | 7.04 23.57 <1.0 23.57
18 Acetone? 70.84 | 730 21.86 <1.0 21.86
19 Pentan-3-one 70.50 | 745 22.05 <1.0 22,05
20 Heptan-4-one® 68.85 | 6.90 24.25 <1.0 24.25

15  See explanatory notes beneath Table 11.



6 |soval eral dehyde Cl ear Powder Insufficient solids to char acter |2§§6
Pentanal Cl ear Cear 8 Benzal dehyde Trace of Orange Povvder be
product, so powder solids solubility - 2.4 wt% Fe 9 Phen et al 8@;

Clear Cear 10 p-Tolualdeh de Clear Solids 3.8 to 4.3 \Nt%lf)‘? ¥ 2098 ance
11 C cl ohexanone C ear Powder - 4.9 wt % 38 1, 3- G cl ohexanedi one C ear
Crystals 3.6 to 4.1 wt % by mass bal ance 13 2, 4- Pent anedi one Sol i ds Soli ds
2.05 to 2.26 W% by nass bal ance 14 2, 3-Butanedi one Clear Cear 15 Aceton
1 acetone Powder Powder Solid not characterisable 16 Acetone' Sl udge Sl udge
Sl udge due {Table FoPeeames of Solybility Resrrainatipn fopthg Isolsied Coranpyitiensql ear Cl ear 18

Acet one C epe—Clear19 Pentan-3-one Depasit_De_s] in
both cases |2%He| t4hl one O eaf SUTHE PHSUf f | pﬁ‘éﬁ‘h'l‘t’é%qlzed%prgﬁi
char act eri s Fbr_exol anat-ery—hotes—se bepeat-h—Tabl-e—tt—For
conpari son, F?ie sp F '} y of irp Sas“"'to SF%%’EXFI ¥ In toluene was around|1
w % Dl | ut PITS O ASIET TS of—5 l‘tlé%r'—c °So}h&'s,° pt Jggm%by&im}wuutl t .
est abl i shed e Lxce?qtﬁb @fdlﬂixer C'feér rtgEeTe pfthrs preferTed TTatgri al
to be slighf3y 'B>Me&1{dﬁ'l' Glid2 S Apgust—2006
28- Febr uar yf 2066~ | Byyrdiddh ge 7 I-h.a%)etl TOREOPY Pioby! thiss BatahdeV Al | VES
| sol at ed as[ErySTP EliGeddm €7 | &l PCledrONTP-| 46k DONY| Signal s/ H nnr_I3Cjnnw
ound No. OyETOpE[ksHilyEdéhyds 3 BUI Fleatl dCT|Wel&r 0- 94Pp (T, 3H), L. 4L (m_ZH)
14.53 (QHB) | &T- 77| fsbdakeraldehyde Clear Powder Insufficient solids to characterise

7 Pentanal Clear Clear

8 Benzaldehyde Trace of | Orange Powder found to be product, so

powder solids solubility ~ 2.4 wt% Fe

9 Phenylacetaldehyde Clear Clear

10 p-Tolualdehyde Clear Solids 3.8 to 4.3 wi% by mass balance

11 Cyclohexanone Clear Powder ~4.9 wt%

12 1,3-Cyclohexanedione | Clear Crystals 3.6 to 4.1 wi% by mass balance

13 2 ,4-Pentanedione Solids Solids 2.05 to 2.26 wt% by mass balance

14 2,3-Butanedione Clear Clear

15 Acetonyl acetone Powder Powder Solid not characterisable

16 Acetone' Sludge Sludge Sludge due to inorganics in

sample

17 Propionaldehyde® Clear Clear

18 Acetone’ Clear Clear

19 Pentan-3-one” Deposit | Deposit Minimal deposition in both cases

20 Heptan-4-one” Clear Solids Insufficient solids to characterise

5

For explanatory notes, see beneath Table 11.

For comparison, the solubility of iron as ferrocene in toluene was around 1 wt%.
Dilutions of samples of 5 wt% Fe as the product of compound 1 established the

10 solubility limit in toluene of this preferred material to be slightly less than 3.2 wt% at
-30°C.
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40.28 (Cff2)

30. 77 (CH3),

Cyclopentadlen 99 (m
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gu
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hexane (trace)

at

Conmp- Carbonyl source Componentl (level) Comrents ound No. 4
2- et hyl hexanal 2-ethythexenyl ferrocene Many isoners, parent ion 296,
(major) loss of various al kene fragnments. Bis 2-ethyl hexenyl |soners,
parent ion at 406, ferrocene (mnor) typically |oss of heptene observed
1, 1- di f er r o&ediaf: Bur Spegtrerrepyzlpetallg for Dervatiies Iseistsd #&pesoflise Materi)y
5 I sobutyr nd tris- Mxture-gfisonerspresent—
i sobut enyl oc 9%?%%& #icqnﬁf““l 1- di f err ocgnyi™- et hyl Par ent
426, first | 117 propane |(major) 6 |soval erjal dehyde 1, 1
-di ferrocenyl >3- S benidle éﬁr gt 440, first |loss|C4119 tane (major)
Mono- al kenylart-eeRay iRt tasIR R 0 TR o [O9sS (CHT S 77 (O,
1.94 (m, 2H) 3.13 (m, 1H) 37.99 (CH), 40.28 (CH,)
Cyclopentadienyl 3.99 (m, 18H) 68.78 10 95.58
8 Benzaldehyde 7.15 t0 7.41 (m 6H) 93.39, 145.94, 128.75 and
127.88
Cyclopentadienyl 3.81 t0 4.74 (m, 18H) 46.68 to 68.68
13 2,4-Pentanedione 1.308 (s, 6H) 30.77 (CH,), 33.47 (CH,) and

101.51 (CH;-C-CH,)

Cyclopentadienyl

3.93 to 4.01 (m, 18H)

66.27, 66.73 and 68.89




7 Pen |

purity) 8 Benzal dehyde Diferrocenyl

nmet hane Parent 460, first | oses CsH6 9 Phenyl acet al dehy
1-ferrocenyl - 2- phenyl Parent 288, |oses C511.5
Di - (2- phenyl et henyl ) Parent 390, |oses C3817

1, 1-diferrocenyl

Cycl ohexanone Cycl opent ene,

1, 1-di ferrocenyl pentane Parent at 440,

phenyl Parent

cyl cohexene,

phenyl

474,

first
Desi red produc

;L%d:ﬁl"i”?‘?&ﬂ?%

feffocenes (significant)
| oses C7117 nethane (nmgjor) 11
cycl ohexane and cycl ohexanol

et hene (

l Osst2%4‘%“ &ég‘%un ty

and m xed Sk tf§ a%ﬁrﬁoc nes (traces) 1,1-diferroconyl Parent 452,
| oses C5HO, TC L Dagnesetes %najor) ends at nethyl ferrocene 14
2, 3- but aned (== tute eat tHent—ts—keton
C41170 (app ?% t good’B %&gﬁbl Emﬂ(?awquﬂ thox(%ﬁ¥ﬁT -di ferrocenyl - p-
Unr eact ed fgeg.ocegne predom nan acetaldehyde nEthoxy et hane (maj or
di met hyl acefal 1 ol-ahy@@xRI0TUCT - AN (ferrdeblle | Maay HEURe, parem- ios 2962p! € 16
Vi scosity DOata off Conpositions] (joFpl uene Sol ut i|Qss aitvardoud amm@bﬁgﬁﬁm np-
Car bonyl Source ﬁbtallocene Vi Bi3Si ty aiethylBeXefyl (| T¥daB1s, parent ion at 406,
ferrocene
(minor) typically loss of heptene observed
1,1-diferrocenyl 2- | Parent at 482, first loss heptene
ethylhexane
(trace)
5 Isobutyraldehyde Mono-, bis and - ftris- | Mixture of isomers present
isobutenyl ferrocene
(significant)
1,1-diferrocenyl-2-methyl | Parent at 426, first loss C;H,
propane (major)
6 Isovaleraldehyde 1,1-diferrocenyl-3-methyl | Parent at 440, first loss C4Hy
butane (major)
Mono-alkenylated above | Parent at 508
product (significant)
7 Pentanal 1,1-diferrocenylpentane Parent at 440, first loss C4Hy
(good purity) . ,
8 Benzaldehyde Diferrocenyl phenyl | Desired product in good purity !
methane
Parent 460, first loses CsHg
9 Phenylacetaldehyde | 1-ferrocenyl-2-phenyl Parent 288, loses CsHj
ethene
(significant)
Di-(2-phenylethenyl) Parent 390, loses C;H;
ferrocenes (significant)
1,1-diferrocenyl ~ phenyl | Parent 474, loses C;Hy
methane (major)
11 Cyclohexanone Cyclopentene,
cylcohexene,
cyclohexane and
cyclohexanol
and mixed substituted
ferrocenes (traces)
"1,1-diferrocenyl Parent 452, loses CsHy, CsHj
cyclohexane
(major) ends at methylferrocene
14 2,3-butanedione Ferrocene substituted by | Not clear if substituent is ketone
CH,0 (apparent good | orenol.
purity)
21 Methoxy- 1,1°-diferrocenyl-2- Unreacted ferrocene predominant
acetaldehyde methoxy ethane (major
dimethylacetal isolated product)
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Acet one Ferrocene 5.4
Ferrocene 5.1 to 6.4 7 Pentanal
5.2 to 5.5 9 Phenyl acet al dehyde Ferrocene 4.3 10 P-Tol
5.0 11 Cycl'ohexanone Ferrocene 4.8 13 2, 4-Pent anedi one

| a Acetone Ferrocene 5.2 4 2-eth
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Acetone Methylferrocene 6.3 17 Propional dehyde Myl ferrocene 5.3 18
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#

e Ethylfeffocene 5.3 20
etation of Data Conpounds 1 and |

a above were prepared in order to obtain conparison data for the

solubility of the preferred conpound in toluene.

Pl ut osol

anal
cene

r ocene
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196 Videbsity B mepeglﬂmamoﬁembnAum@asWA Fés higher volatility
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t he preferr ot OJUCE Crbbn{iTouR1€ | S, aMe@Néveird 3. 2| Wistdsity at-30°€ (Pss) tjo its
solubility | ouldLUTOspP APF, known fo be at least 5]0 wwOQ o at -40' Cl(see,
for exanpl e[ 1 Exanpl e[ Acewher e sol ut| ons offerridceBe bi sf @rr ocenybdr opane iin
PLUTGsoP APF1aM t h an| Ademme cont ent  pf 7. SFerotege wei ght 1 F:] o be
stabl e' withéut any |2-ethylkexsdal Conpound Eemeteneys t hal al dethidedfqui vallent s,
such as acepals. can|®stagded in pl Ace ofFenkesmenes ilst tB4 product],
di ferroceny| 8 net hane| Bepealdehpiied a | bwer cSkematen¢ ity of iron32ts3 ol ueng at
-300C t han pYy ot her | Rlenylacataldehyde | solFempoeene y was!{still |A3excess df that
of 20 ferrptene it skp-Toluaidehydsinds| 3 andFemoseRey t hal n- be
used to prephte very| Grolohexanom| es | of 1 Hermaeengyr gcof . rpounds
4. 5 and 6 HEonst r at 4-Pemtanedionsnchbd g ‘ar]_sg_b.e__%‘s_e.d_(_g__?.r epar e
1, 1 -diferkMrenyl albetone The @ ylfegypcene 6.

17 Propionaldehyde Ethylferrocene 53

18 Acetone Ethylferrocene 52

19 Pentan-3-one Ethylferrocene 5.3

20 Heptan-4-one Ethylferrocene 5.1

5
Interpretation of Data
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15

20

25

Compounds 1 and 1a above were prepared in order to obtain comparison data for the

solubility of the preferred compound in toluene. Toluene is preferred over Plutosol

APF for such experiments simply because its higher volatility enables its simpler

removal from any products. The solubility of iron as the preferred product in toluene
is, at around 3.2 Wt%, inferior to its solubility in PLUTOsol™ APF, known to be at
least 5.0 wi% at —40°C (see, for example, Example 1 where solutions of 2,2-
bisferrocenylpropane in PLUTOsol™ APF with an iron content of 7.5 % by weight

were found to be stable without any problems).

Compound 2 shows that aldehyde equivalents, such as acetals, can be used in place of

ketones. Whilst the product, diferrocenyl methane, provided a lower solubility of iron

in toluene at—30°C than any other derivative, its solubility was still in excess of that of

ferrocene itself.

Compounds 3 and 7 show that n-aldehydes may be used to prepare very pure samples
Compounds 4, 5 and 6 demonstrate that branched

of 1,1-diferrocenyl n-alkanes.

aldehydes may also be used to prepare 1,1-diferrocenyl alkanes. The GC/MS data for
compounds 4 (in particular) and 5 also show that where an aldehyde, and by inference



25 conpounds 4 (in particular) and 5 al so show that where an al dehyde, and
by inference 28 August 2006 28 February 2005 40 a ket one2® fégust2¥Rehed at
the position a to the carbonyl then a propensity to form

al kenyl -substituted ferrocene exists. Wthout w shing to ¥Fbpando8y theory
It is suspected that an internedi ate hydgoxyal kyl ferrocene forns which
may react with a further nolecule of ferrocene to yield a

di ferrocenyl al kyl or may dehydrate to yield the 5 al kene. Experi nent al

condi ti ons rmketbre,db brawcheld at rthel tpositiof X &6 i the rdagiongh théh anpropérisitg tboformt i on
of such products, Conpound 6 shows that P-branched carbonyls are

si gni fi cant |13}kenyksubstiited drassae egists: hiWithoutewishingt toohe bosnd\ by, thegry> #2is

descri bes t S anched. ke oungd 8 sho t ha .
bridging gr o%%’#ﬁ%? tgét SUbSY tegfag%hgékgg%d%&y%%gﬁgﬁp OTiig O“QB uﬁﬁaggge?ﬁg? lﬂf‘ e
substi t uent forlerhrolaculaoffdtsocens Meld&cﬂimeﬂylﬂkzpoﬁﬂaﬁﬂkﬂidﬁte t@yielPthe
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through 35 SrpisE ARaR i 3htn BresBef Compo iy o df P BrharniRe SBonE
speci es of fae¢ BighFichnil ¢és8ipforie tolurddRfgHihds silk réattibf! CUSN 34632 32UlsériBe4t ed
by two groups of formula Vin which mis zero. Unless such conmpounds are
formed in 20hewseofbranched kethnegh purity and/or are readily crystallised it
Is difficult to denonstrate that such species have, indeed been forned.
The formula weight of the species expected in conpound 13, for exanple, is
808 Dal 10Nns .Conithind $RB6WS $hatCHé hridgingbroupXRA IHRIsUb1IRASE 85 Sarl B/l o6, ned

ds
volatility and thermal stability to pass through the GC and is beyond the
mass | i mitscemppwrd fikal thoyaubstiient meay berph ayalklyl groupahd compons! 1 se glkarid

exi stence of_side ,products co I.si ng,al kyl -, al kenyl -,. cycl.oal kyl - d

cyl ¢l oal kenFFo%Pub $Y8a T LPRoEpY Cgli%wsgﬂ}# ?én‘é'sﬂﬁ?qg\'@ﬁc@ﬁ@%ﬁdﬂ%? Eoogﬁﬁ be
nferred ! romivhandldiSutiase colditibsd difflopdear that these arise during the
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crystalline solids isolated during the |ow tenperature solubility study on

at o7 S coSAAES 1448 A e Do FECRAE ERUD iy b sBEk R RYEIH RS ATS B by

I npli cati on no carbonyl or hydroxyl groups are

Compounds 12 through 15 are for dicarbonyl compounds. It is believed that these
form species of formula I wherein n in formula III is zero and Z is substituted by two
groups of formula V in which m is zero. Unless such compounds are formed in
20  exceptionally high purity and/or are readily crystallised it is difficult to demonstrate
that such species have, indeed been formed. The formula weight of the species
expected in compound 13, for example, is 808 Daltons. Such a species would not be
expected to possess the combined volatility and thermal stability to pass through the
GC and is beyond the mass limits of the mass spectrometer employed. In all four
25 cases the existence of side products comprising alkyl-, alkenyl-, cycloalkyl- and
cylcloalkenyl-substituted ferrocene and some diferrocene products could be inferred
from the GC/MS trace. It is not clear that these arise during the synthesis or on
pyrolysis in the GC oven. The 'H and *C spectra for the crystalline solids isolated
during the Tow temperature solubility study on compound 13 show that substantial
30 amounts of a highly symmetrical material containing equivalent methyl and

cyclopentadienyl groups and by implication no carbonyl or hydroxyl groups are
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cl ear whether the nethylene protons are not . present or “%‘l‘f'b W6 i kel y)
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that the reaction conditions may be enployed with alkyl 5 Y tt’dd
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is either or both of a |ow selectivity #br the reaction of the carbonyl
conmpound between al kyl ated or non-al kyl ated cycl opent adi enyl groups or for
orientation relative to the alkyl group. 10 Conpounds 17 through 20 show
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car bonyl grou tthin a hydrocarhqn. 1, |I'-, 2 2'- 3,3 - and 4,4 - '
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particul ar froupondi 5 shaivs kthat e o¢dotion congitions spay drey employedr with alkyt- of
ferrocene. Further, the product is a solid nelting af aboye 80*C and so
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even under taliylated ot apviadigdated syclopentadienyil tgrowyss. orAfdr qrientdtiont fetative tontheoned
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nodi ficatio EP%ari ations of the described nethods and system of the

I nvention wll be apparent to those skilled in the art w thout departing
fromthe 25 scope and spirit of the invention. Al though the invention has
been ded@ri Kimpownds d7 rthough20vshoiv thpethefreactjpmedomditions end ndt sensitive tot the

o B S BN L 5 ed A,

described nmggefroéetyldiciney artthMdenidiRtrhf@yent i on  which are obvious to those
skilled in chem stry or related fiel gs are intended to be 30 within the

scope of the following clains. 28 August 2006 28 February 2005 42
Compound 21 shows that it is possible for the bridging group to contain substituents

15  containing heteroatoms, in this case oxygen. The solubility in heptane of this
particular product is, unlike the other compounds, very similar to that of ferrocene.
Further, the product is a solid melting at above 80°C and so difficult to separate from a
mixture with ferrocene using the sublimation technique. Accordingly, characterisation
was limited to the GC/MS technique which showed the desired material to be the

20  dominant reaction product, even under the standardised reaction conditions.

All publications mentioned in the above specification are herein incorporated by
reference. Various modifications and variations of the described methods and system
of the invention will be apparent to those skilled in the art without departing from the
25 scope and spirit of the invention. Although the invention has been described in
connection with specific preferred embodiments, it should be understood that the
invention as claimed should not be unduly limited to such specific embodiments.
Indeed, various modifications of the described modes for carrying out the invention
which are obvious to those skilled in chemistry or related fields are intended to be

30  within the scope of the following claims.



CLAIMS | . A nethod of regenerating a particle filter trap, | ocat g in the
exhaust system of a conbustion systemfor fuel, which corrg%f\ %’ At acti ng
carbon-based particulates, 5 present in the particle filtﬁ{ E%’ragl
conbustion products of a conposition, wherein the conpos ¥ o??}gl?l ses:

i) one or nore conmpound of fornmula (1): 4X-Y (I) where: 10 X represents
the group of fornmula (11): A Fe Z ------ | B Y represents the group of
formula (111): A Af 'e ------ Z ------ FIl e (111); B n each Aand Bis
i ndependent | CIAIM®Isubstituted or substituted aromatic carbon ring or an
unsubstituted or substituted aromatic heterocyclic ring; the or each Zis

i ndependently an unsubstituted or substituted divalent 15 hydrocar byl

group; nis : r W . Vi
conpound of for rruﬁr}ném?@gﬁeg%erEﬁl%g%/gar%lﬁlgj@grr m.ﬁ {abc %\8/)11%%8&}8‘6%%?&%%2 28
February 2008 combugtion'systeim foe fuel( wWhijch datpFs@ cohtactngsarbon®ascdnphriRilaes, Rs

are ethyl, and . . . . . .
Vs present in the particle filter trap, with combustion products of a composition, wherein

the composition comprises:

i) one or more compound of formula (I):

XY (D
where:
10 X represents the group of formula (II):
’T
T’ e ;
B

Y represents the group of formula (III):

~ -
| i
Fe Z Fle (I1D);
B B
_ n
each A and B is independently an unsubstituted or substituted aromatic carbon
ring or an unsubstituted or substituted aromatic heterocyclic ring;
the or each Z is independently an unsubstituted or substituted divalent
15 hydrocarbyl group;

nis 0 or an integer of from 1 to 10,

with the proviso that the compound of formula (I) does not have the formula (IV):



ii) a diluent or carrier; and wherein said one or nore conpound of fornula
(1) is present in an anount sufficient to provide at |eas 8 fuggst

iron, based on the weight of the conposition. 5 2. A nethod as clainmed in
claiml1l, wherein Z, when nis 0, or one or nore of the 225 ,2 ennis
froml to 10, is an unsubstituted or subsgituted divalent hydrocarbon
group. 10 3. A nethod as clained in claim2, wherein Z, when nis 0O, or one
or nore of the Z groups, when nis froml to 10, is an unsubstituted or

substituted di | kyl oup having at |east one carbon atomin the
al kyl ene |ink 4. Awethod aR.clained in claim3, wherein Z, when n is
0, or one or m)reFof th 15Pzgroups when nis froml to 10, is an
unsubstituted o stltut%ﬁiﬂe V)’;\I kyl ene group having froml to 10
carbon atons | kyl € age. 5. Anethod as clained in claim3 or
claim4, wher nZ when n is 0,%8or one or nore of the Z groups, when n is

froml to 10, js sub substituted 20 divalent alkyl ene
group having ¥ rF Rﬁ (?g ‘g}g‘harﬁfe 3 3% the al kyl ene |inkage. 6. A method

as clainmed Il’lh)(?d(ﬁldghﬂordéﬂferr% Z, when nis 0O, or one or nore of the Z
groups, when n is froml to 10, is an unsubstituted or substituted dival ent

al kKI gne glr duhﬁrdga\smldg)mrm mmegmmpaumiml f foribla (B) 1&)ﬂr&l€;th ini ahked@dunt $&ffidient

met hod as cl ai ne gedi.n ai erein Z, en nis 0, or one or
nore of the Z°&F%On &%at?@%%ﬁwﬁ z o Of SB:haFe‘{n%‘ tﬁgwei@tgﬁwgtcpmp@aowm one or
nore 28 Aggust 2006 28 February 2005 44 substituents selected from al kyl
groups, substituted al kyl groups and groups having the formula (V) AA F

@ ----- P ---2 F IA methdy astchaimlied whelaiei h; wherein Z, when n is 0, or one or more of the
Z groups, when n is from 1 to 10, is an unsubstituted or substituted divalent .
hydrocarbon group.

10 3. A method as claimed in claim 2, wherein Z, when n is 0, or one or more of the

Z groups, when n is from 1 to 10, is an unsubstituted or substituted divalent alkylene

group having at least one carbon atom in the alkylene linkage.

4. A method as claimed in claim 3, wherein Z, when n is 0, or one or more of the
15  Z groups, when n is from 1 to 10, is an unsubstituted or substituted divalent alkylene

group having from 1 to 10 carbon atoms in the alkylene linkage.

5. A method as claimed in claim 3 or claim 4, wherein Z, when n is 0, or one or
more of the Z groups, when n is from 1 to 10, is an unsubstituted or substituted

20  divalent alkylene group having at least two carbon atoms in the alkylene linkage.

6. A method as claimed in claim 4, wherein Z, when n is 0, or one or more of the
Z groups, when n is from 1 to 10, is an unsubstituted or substituted divalent alkylene
group having one carbon atom in the alkylene linkage.

25

' 7. A method as claimed in any preceding claim, wherein Z, when n is 0, or one or

more of the Z groups, when n is from 1 to 10, is substituted with one or more



each A and B is independently an unsubstituted or substituted aronatic
carbon 5 ring or an unsubstituted or substituted aromati CZ%éPQ}Sb%Q?éI iC
ring; each P, when present, is independently an unsubstituted or
substituted hydrocarbyl group; and mis O or an integer & Feor®mR19%%o 10.
10 8. A nmethod as clained in any one of clg@gins | to 6, wherein Z, when n.
is O, or one or nore of the Z groups, when nis froml to 10, is: R 4 1y
4.- (M) R2 wherein: each R and R2 is independently hydrogen, or

unsubst i t ut ed sestisigntstselegted drom ’iicy] groagss, substitusdd dlky] edowps and lgﬁddfph uhedg ey

or unsubstltuk&gw% ubstituted aral kyl; and x is an integer of at |eéast 1.
9. Anethod as ¢ dinclaim8, wherein R and R2 are each independently
hydr ogen, or un[substitu.t_ed or substituted (Cl-C6)al kyl, unsubstituted or
substituted 20 AC6)aryl| or aAinsubstituted or substituted ar(Cl-C6)al kyl. 28
August 2006 2§ Ifebr uaryl 200p 45 10. A nethod as clained in claim38 or
claimg, V\herej.q-_-é(__i__s n_i nteger of (gsoml to 10. 11. A nethod as cl ai ned
in any one of dlains tlo 10, wherei*n/’x is an integer of at 5 least 2. 12.
A nmethod as cl gi ged in gny g&ue of clainms 8 to 10, wherein x is 1. 13. A
nethod as claired in any one"of claims 8 to 12, wherein R and R2 are 10
nmethyl. 14. A nmethod as clainmed in any one of the preceding clains, wherein
one or more of A and/or one or nore of Bis substituted with one or nore
substituents selected from alkyl, substituted alkyl, aryl, and
substituted at$¥*%roups. 15

each A and B is independently an unsubstituted or substituted aromatic carbon

5 ring or an unsubstituted or substituted aromatic heterocyclic ring;
each P, when present, is independently an unsubstituted or substituted
hydrocarbyl group; and

m is 0 or an integer of from 1 to 10.

10 8. A method as claimed in any one of claims 1 to 6, wherein Z, whenn is 0, or

one or more of the Z groups, when n is from 1 to 10, is:

@

wherein:

each R, and R; is independently hydrogen, or unsubstituted or substituted alkyl
15  unsubstituted or substituted aryl or unsubstituted or substituted aralkyl; and

b

x is an integer of at least 1.

9, A method as claimed in claim 8, wherein R; and R, are each independently

hydrogen, or unsubstituted or substituted (C;-Cg)alkyl, unsubstituted or substituted
20 (Ce)aryl or unsubstituted or substituted ar(C;-Cg)alkyl.



15. A method as clained in any one of the preceding clainms, wherein each A
and B is independently an unsubstituted or substituted ar8férest2¥ophon
ring or an unsubstituted or substituted aromatic heterocyclic rin
containing, in the heterocyclic ring, one or nore het eroé@B@Pé’“@é? ted
fromO, Nand S. 20 16. A nethod as clainetd in any one of the preceding
clains, wherein each A and B is independently an unsubstituted or
substituted argmatic carhon ring, or an wunsubstituted or substituted
aromati c het erlgcycﬁ method gs C’@limfhmmlalgli}omiaiﬁl 9,ovtiEEeinkdsrBn jritéper BE ol Do 25
17. A method gg clainmed in claim16, wherein each A and B is Independently
an unsubstituted or substituted aromatic carbon ring, or an unsubstituted
or substituted aromatic heterocyclic ring, containing 3, 5 or 7 atons in

the ring. 30 if A rrettggg as ,(;[Iﬁli,rred in claim17, wherein A or B associ ated
with a partictfar “PB°hPdas flaimgd ineayieae pf deises Hio I, eidink dsiasimebof gd

aromati c csrbpasgrd ng or an  unsubstituted or substituted 3-nenbered
aromatic heterocyclic ring, and the other of A 28 August 2006 28 Fcbruary
2005 46 or B associated with the sanme Fe atomis an unsubstitutcd or

substituted 7:irenbered romgti ¢ .carbon ring or an unsubstituted or

substi t ut ed 7%2@5%‘3“%&%‘@%3 1%6@%9W&14?@38it¢1©0, véhet€in xAsitet hod as
clainmed in claim17, wherein, each A and B group is an unsubstituted or
substituted aromatic carbon ring, or an unsubstituted or substituted
aromati ¢ het eblocycAirsethocgs claimediimiang ohe AfQMEms '8 112 WhGkeir? R, a@d"f@ti}gd.as
cl ai med il@ cl aitrln 19, wherein each A and B is an unsubstituted 10 aromatic
carbon ring, B <yaln unsubstituted aromatic heterocyclic ring, containing 5
atons in the ring. 21. A nethod as clainmed in any one of clains | to 19,
wherein each A and B is independently an unsubstituted or substituted

aromati c cartén rismmetibd @2laimedin hodomsoftthapraeedihg clalmé, Witekein YA bE infb£2Ch
A and B is an.unhsubstituted . .
of A"and/or one or more of B is substituted with one or more substituents selected
from, alkyl, substituted alkyl, aryl, and substituted aryl groups. ~
15
15. A method as claimed in any one of the preceding claims, wherein each A and B
is independently an unsubstituted or substituted aromatic carbon ring or an
unsubstituted or substituted aromatic heterocyclic ring containing, in the heterocyclic
ring, one or more heteroatoms selected from O, N and .
20
16. A method as claimed in any one of the preceding claims, wherein each A and B
is independently an unsubstituted or substituted aromatic carbon ring, or an
unsubstituted or substituted aromatic heterocyclic ring, containing from 3 to 10 atoms
in the ring.
25
17. A method as claimed in claim 16, wherein each A and B is independently an
unsubstituted or substituted aromatic carbon ring, or an unsubstituted or substituted

aromatic heterocyclic ring, containing 3, 5 or 7 atoms in the ring.

30 18. A method as claimed in claim 17, wherein A or B associated with a particular
Fe atom is an unsubstituted or substituted 3-membered aromatic carbon ring or an

unsubstituted or substituted 3-membered aromatic heterocyclic ring, and the other of A



aromatic carbon ring. 23. A nethod as clained in any one of the preceding
claims, wherein A and B are 20 the sane. 24 A nethod as cP&iAYeest£96any one
of clainms | to 13, wherein A and B are both cycl opent adi eniél . 25 25. A
nmethod as clained in claim1, wherein the conpound of forAdifebreary200%s t he
formula (M1): Fe Fe (VIl) 28 August 2006 4628 February 2005 47 26. A

nmet hod as clainmed in any one of the preceding clains, wherein the conpound
of formula (1) is present in an anount sufficient to provide at |east 2
w.. % of ir®hB ¥aedetedwithibe wangRe atim it unobaisited 6PsubRtATed AriBRidRG as
claimed in clgj AR cmgﬁei.n t he cog;s)%gnd of formula (1) is present In an
amount sufficient to provi 48 a3 AR5 upsugstipted opr, substigied hhawembsred: heommicght
of the conposhttermpycliSringd nmet hod as clainmed in any one of clainms | to 25,
wherein the conpound of 10 fornmula (1) is present in an anount sufficient
to provide, at -40 - C, at least | wt. %of iron, based on the weight of

the conposfti py. 2Q. t l.ai yed .0 a One?ﬂ%}i t he precedi ng clains
wherein the conpo% H%(t)ﬂr?al Egg:lljagtglfénlfli éaI?W ]fr:}r é@éﬁ'ﬂm’c oﬁnﬁ%‘?cﬁ §TOVRNIS an
(VI11): 15 A-eubstitved lor subltituted nrdngidcBb@! fnaSordef ixﬁ% i0eed! & bty A
met hod as clainmed.ipn any gne_of the preceding %’I ai s, gset!ritgfe?\l (?Hhs(raabgnu.’t?ég
conposi ti on i ¥OMGHGpelaracyclic ings contpiaingssatows it ringt h t he conbustion system
for 20 introduction into fuel prior to conbustion of the fuel in the
conbustion system 31. A nethod of regenerating a particle filter trap

located in t 0. exhAustthed as elimed i bR '
ocated in exhausdthed as elaiméd irclamiM9svh&BinSeseh A ui@'B fsu%Lténs\ggétﬂﬁgﬁi o

conpri seﬁ contactin w%ar bon-based particul ates, present 1n

filter trlp, APPRAUC EAHAB THNgn OB rasdwasubstinited resomatiarbeterocpelitoving, cafaiatg 5
defined in a@(orﬁginoch@}iﬁg | to 25. 32. Use of a conposition for decreasing
the regeneration tenperdture of a particle

21. A method as claimed in any one of claims 1 to 19, wherein each A and B is
indep_endently an unsubstituted or substituted aromatic carbon ring.

15 - _
22. A method as claimed in claim 21, wherein each A and B is an unsubstituted

aromatic carbon ring.

23. A method as claimed in any one of the preceding claims, wherein A and B are

~

20  the same.

24 A method as claimed in any one of claims 1 to 13, wherein A and B are both

cyclopentadienyl .

25 25. A method as claimed in claim 1, wherein the compound of formula (I) has the
formula (VII):

LoD Lo
Fe Fe

e =

(VID)



filter trap located in the exhaust system of a conmbustion system wherein
the conposition is as defined in any one of clains 1-29. 28ARgush2gst 2006
28 February 2005 48 33. Use of a conposition as defined in any one of
claims | to 29 as an additive to fuel for decreasing the2$Eepswasy #050n
tenperature of a particle filter trap locat7ed in the exhaust systemof a
conbustion systemfor the fuel. 34. Use of one or nore conpound as defined
in any one of .¢clains I ho 25 for decreasing the regeneration tenperature
of a particl ezgi | t & m§taed |ascelpimedi in mne enehafighe weceting) clhings, Condreht igy

system 10 35 Surlf nd _as defined in apy one of clains
| to 25 as ancoéjgdilﬁ %@%a?sgﬁgﬁ%g&ﬁ%#%gﬁoﬂgsf’ 5‘%@%@%i%#¥b%‘b‘ér%t ure
of a parti cl eofirbn,dased @pthe eight efithe oinpssigyhaust system of a conbustion

system for the fuel. 15 36. Use of gem nal bisferrocenyl al kanes as an
additive for liquid fuels for operation of high conpression spontaneous

ignition engi pes WAL hhethounsat rdyd: ! r.systens. .37.. The use, as
clainmed in claim 36, V\ehe%nagﬁiewg? ctrlréll)lirﬁegg*f %ﬁ%ﬁf %@r°°"§’6“8‘§/8hﬁ%w§adf)ewy|
rings of the B&HnGE abpmpentsoffisioyk &l jramideian tlapenee % by ires, Has& orpthetEEht

carry at |eas al kyl. group with | to 4 carbon atons as a substituent.
38. The use aésftggg?rﬁg%%il?{gcl aim36 or claim37, wherein the gem nal

bi sferrocenyl al kane is dissolved in an organic solvent. 25 39. A nethod of
purifying a conpound as defined in any of clainms | to 25, which conprises
extracting t RS- conpanetbodias plaiseedbio rangticmei afeclaifhs 1AorEs, hddredt tHee@RRRuAlidFg @
particle ]bi I tfgfmﬁlﬁgg igﬁpssgqnti al | ats “g.ﬁr.ei nbef ore 30 described with
reference to any one df ThE EZ8AFIo8at suhiclent oquovde ot 29 Capt lpastsl wt. % of
her ei nbef or e ifbds bisedod thé WhighESRREOSEpdsRigH)y one of the Exanpl es.

29. A method as claimed in any one of the preceding claims wherein the
composition is substantially free of compounds of formula (VIID):
15 A-Fe-B (VIII)

wherein A and B are as defined in claim 1.

30. A method as claimed in any one of the preceding claims, wherein the
composition is located in a container associated with the combustion system for

20 introduction into fuel prior to combustion of the fuel in the combustion system.

31. A method of regenerating a particle filter trap located in the exhaust system of

a combustion system for fuel, which comprises contacting carbon-based particulates,

present in the particle filter trap, with combustion products of one or more compound
25  asdefined in any of claims 1 to 25.

32.  Use of a composition for decreasing the regeneration temperature of a particle
filter trap located in the exhaust system of a combustion system; wherein the
composition is as defined in any one of claims 1-29.

30



10

15

20

25

30

28 August 2006

28 February 2005
48

33.  Use of a composition as defined in any one of claims 1 to 29 as an additive to
fuel for decreasing the regeneration temperature of a particle filter trap located in the

exhaust system of a combustion system for the fuel.

34.  Use of one or more compound as defined in any one of claims 1 to 25 for
decreasing the regeneration temperature of a particle filter trap located in the exhaust

system of a combustion system.

35.  Use of one or more compound as defined in any one of claims 1 to 25 as an
additive to fuel for decreasing the regeneration temperature of a particle filter trap

located in the exhaust system of a combustion system for the fuel.

36.  Use of geminal bisferrocenylalkanes as an additive for liquid fuels for

operation of high compression spontaneous ignition engines with downstream particle

filter systems.

37. The use as claimed in claim 36, wherein one or more of the four
cyclopentadienyl rings of the geminal bisferrocenylalkane independently of one

another carry at least one alkyl group with 1 to 4 carbon atoms as a substituent.

38. The use as claimed in claim 36 or claim 37, wherein the geminal

bisferrocenylalkane is dissolved in an organic solvent.

39. A method of purifying a compound as defined in any of claims 1 to 25, which

comprises extracting the compound with carbon dioxide

40. A method of regenerating a particle filter trap substantially as hereinbefore

described with reference to any one of the Examples.

41. A use substantially as hereinbefore described with reference to any one of the

Examples.



