invention relates to conpositions for use in the regeneration of particle
filter syswomm/ngmenected at the exhaust side of combusti onpe¥&iBaiHasher
fuel, especially high-conpression spontaneous ignition engines. The effect
whi ch iron-organi c conpounds, particularly ferrocene and derivatives
thereof, have in pronoting conbustion is pasically known both with respect
to open 10 flame conbustion as well as conbustion in engi nes. Furthernore,
e prior art (e 1999, 2d International Colloquium 20th - 21st

th . Q. Fuel s

January 1999 at Eﬁmummmﬁmmmm 20 25 30 Technical Acadeny)uli t hat

di esel particle f e regenerated by additives “m “m mmm“\uel
since the products of*cmembusti on toc@NPhsTeORAdi tive i ve‘s59§5"se reduce

" the ignition tenperature of the soor“pmﬂ% i ch have bé&i filtered out

v in the diesel particle filter, these latter particles igniting and burning
away. Since jron-organic co unds, such,as ferrocene, in solid formare
not ideal fofl¢&S ‘PB""%W@%??&S,WW‘&HES gor ‘Esﬁe‘négﬁﬁ?ﬂﬁ%’?u%‘ é’f@mﬁ? y
used. It &s i vy L LAl nhtesid GRS § [ ed
on a vehi%l e,ﬂﬁﬁogﬁt he csogﬁétﬁtﬁ%stﬂ%gmaal ni rftgafcr?e I ron-%ﬁ%}g@r’p‘%ﬂﬁﬁgﬁ{ 0 be
hi ghl y concehighatoegpressiontspomtanenns ignitiont dngiresl ut i on supply cont ai ner can be
as small as possible in size, or, rather, does not need to be frequently
topped up. Furthernore, the solution should be stable at tenperatures

Wi thin a wident QIRRF WHEE ifcR0SBani6 WRfIoRhAY Wbty TErrd A8 ardl derfRBveL
+90C, and al so should not be too viscous at low terperatures in order to
ensure good therqedibhdvietin padmotimg)gorabustion tiss basacallydmoim tothivgth sespach hadpen

| vent (PLt JTOsi | TM APF, lied by Octel Deutschland GrbH) f.
2oL T LB ot Rt SR SIS ABLARSER o
an i ron cont egis ofgod; B HurbihattGladBotloFalu, | 20% -0 1% URRNRY PO CatCRUIBELIS

contai ning 2.0% by weight, or nore, of iron are sought. WO 02/18398 2
PCT/ GBOL/ 038 gchnical sAcademiy)n disclosge thatedigsel partielet filierst eampbeviegenenated by

i ron- i ds. ining .. i L i tabl e .f .
2ddi 1 ve for TS iRl B Sinde she GrOARER o sPBBRanP ich e Fi i Bles
conposi tion Hasredube e ipaivioh téthpdriared 6fothe 86@ParticlEOWRIH Hive BeknERéed 6ht

iron, particularly at |ow tenperatures, and s stable across a w de

t enper at ¥¥ e B thadigsel pastiale Bliera thege lagerpagtigles ignitinggnd bupingWa¥es. By "stabl e
across a wide tenperature range" is neant that, over a wde tenperature
range (e.g. within the range of from25C to +90C, and preferably within the
range of froSincé¥oniodgani®égmpdumts,isacH & festoedne] iWolid et aremotidealtfbedosing

i ron-organi c. cQnpound-caont ai pni ng conposition, preferably . in the formof a
sol ution in %&srfaﬁlnﬁ‘alug the compapn(s 35¢, Hﬂ&é@@saﬁd It Wedesirahle. draghigmlatly 0

conpound doe%h%%@é&ﬁﬁxﬁﬁ&ﬁ‘éist&? i¥ i&ﬁﬁa%ﬁp@(ra{iﬁg,r for th&Sol iﬁg%ﬁ&iﬁiﬂ% 'ﬂ%et hat

certain iron-organo conmpoun or exanple brs roceny?a nes, m
used to 0 odiror-ocgamposimponnds toche highly chnaphtrated eblutibns socthatr the salntiemsupply

conpound, and hence of iron, .and whjch are suitable for use a ditives 15
For Tuel s | oFoREBer srdyhecas LA ROReIBE Lt S ot doss ah hocd e dipgacly”
hi gh- conmpr es%d}:gEd B0 HiehERhcte, ﬂ@'s&luﬁﬂn%ﬁkﬂﬂ&%&stdbfé’hﬂ%@eﬁﬁ{r&d itRinfd WigY 1D
t he exhaust sysSte a

; e3ea] "NNCBRS\ ] 6] T] ! WD 02/ 18398 1 PCT/ GBA / 03897 The present 6‘5\,
-

c

Mmthereof. It has also been found th such conpositions
may have a hiepipetaiureaangea espeniatly within thegangegefirdt 080 tp o 80°C, anddlstr obt

iron, even at |l ow_tenperatures and nmay. be stable acrosg a w de. tenperature
ange. 20" Acbeit P ahiov demideRy ncoigpt &L it ohd iy ABwAcE
provi dedas cosguess Hbghe. Whi ch conprises: i) one or nore conpound of fornula
(I): XY (I) 25 where: X has the structure represented by fornmula (I1): . A

In a highly aromatic solvent (PLUTOsol™ APF, supplied by Octel Deutschland
GmbH) ferrocene itself has a solubility limit of 2.4 % by weight at —40°C

corresponding to an iron content of 0.72 % by weight. Solutions of iron-organic
30 compounds containing 2.0% by weight, or more, of iron are sought.



Fe -~-- Z ---- B Y has the structure represented by fornmula (I1Tl): WO
02/18398 3 __ Fe Z Fe B B n where: PCT/ G0 /03897 each A and B

i s i ndepengl@ntigsosn unsubstituted or substituted aromati c per/k8pisisyy Or an
unsubstituted or substituted aromatic heterocyclic ring; the or each Zis

i ndependently an unsubstituted or substituted dival ent hydrocarbyl group; n
is O or an integer of from1l to 10. 5 In »ne enbodi nent of the present

i nvention the conpounds) of formula (1} do not have the formula (I~ 10 R5
Fe .~ Fe R~ R~ Ra where RS or R6 and R~ or R8 are ethyl; and ii) a diluent
or carrier; Hrislanhimeifthd presar énvention te providecamiton-ordaniaredmpdunyl-coatapims ent

o 3 U S Rk B B s Kyt b o e
(1) enr ssent otk TR B pablf 7 bh IO SF hf BopRRUE CoRponlt fhd
hydr ocar byl hemve pfion] jerticudaieatt lowdepemntuesy amd s stabde acrdsscatidettemperatuee bond
Cnsubst 1t ciPog ReERA T s ibln 3 AP A B Py G 0T D (PBRIERHS vo A
or substi fut e DRI VAR el B (T e e

group, the fo25P€rtoBSI0AG, andyreferably withindhe thnge of fiom +460€ ¢o +B@IC)gpanticutarly

gem nal conpound. In the conpound of fornmula (1) each A and B may, .for
exanpl e, i ndahl@WdEmPrFIatges, if iLonrprgapiccompeRRA-6Pntain g GOMROSHIoR, BvEaratly Ear bon

ring or an u i i ’i‘?rhb-iﬁs . Vool 1 Bl :
cont ai ni ng, ?%%ta e %gﬁu%eﬁgﬁf %@Eﬁs@%@?@a ons ?gu@é?%dﬁfd rtg?nlhle)?%l{gagﬁcd S.
Pref erabl@y, eempouvhdaieds Boti predipitieeenplmse-sgpasate.unsubstituted or substituted

aromatic carbon ring. Mre preferably, each A and B is an unsubstituted
aromatic carbon ring. 10 In the conpound of fornula (1} each A and B nay,

for exanpl e, i NASPERHC ekl RRmAN tHAS RRbiht Lifo%dorg&ﬁ Uéﬁﬁyﬁéﬂﬁﬁd.f@f OfBipte

carbon ring or an unsubstituted or substituted heterocyclic ring,
pref erabl y abisfemocbnylalikanesgmay be uket fotprodute mompasitions having a highglevel efitthd ni ng

from3 to 10.,atons in the ring. ,.Prefer.abl each A an i.s i ndependentl|y
15 an uneut | IOR-G0BHP COMPORPYFRA FeDhifots 5t R At attahle S5 R BAREVER et
or subst g ut eg ek $6:066Gh e SpeRfionUrRbbARIOh HBEHRS bidisrBlY lﬁéh-édtB?Eésidﬂ ed -
aromatic carbon ring, containing 3, 5 or 7 atons in the ring. In the
conpounds of sfestangbus ignitiontengines diavingaf partide Allian ih terexhaust aysemithereof W th a
particul ar Fﬁasaatlgoniaergﬂst{)ugf tha s%@hw%tpoéiggnslxgay 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.

20
According to one aspect of the present invention there is provided a composition,
which comprises:

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

XY (D
25  where:
X has the structure represented by formula (II):
T
F‘e Rl A a
B

Y has the structure represented by formula (IIT):



electron rule is obeyed. 20 In one enbodi nent of the present invention,
either A or B associated with a particular Fe atomis an unsubstituted or
substi t ut swb G/1¥8eger ed aromati ¢ carbon ring or an unsubst igQi/€Bo123897
substituted 3-nenbered aromatic heterocyclic ring, with the other of A and
B associated with the sane Fe atom being an unsubstituted or substituted 7
25 menbered aromatic carbon ring or an ugsubstituted or substituted
7-menbered aromatic heterocyclic ring. Preferably, in this enbodi nent
either A or B associated with a particular Fe atomis an unsubstituted or
substituted 3-penbered_aromatic carbon ring, with the other of A and B

. associated withAhe sanp Fepatom being an unsubstituted or substituted
7-menbered aro t| c car on r|| ng. In an alternative 30 enbodi nent A and B

are each an ungubstit substlt d, e.g. unsubstituted, aromatic

. carbon ring or uns t|t fed or s tituted, e.g. unsubstituted,
aromati c heteroc C|IC r ontaining 5 atons in the ring. Preferably A
and B are each 2I 18398 5 PCTI GB01/ 03897 unsnbstituted or

substituted aromatic c hon ring containing 5 atons in the ring. Mre
preferably, A and B are each an unsubstituted aromati c carbon ring having
five carbon atons in the ring, i.e. a cyclopentadienyl ring. 5 In the
conpound of wheretul a (>7 one or nore of A and/or one or nDre of B may, for

exanpl e, be substit ith.one or nore.substit.u el ec romalkyl
SUbstT ¢ ut ed Pk andp i ipfepeddff & pibS R Y bR fpBRHE frbnn A

aral kyl and aﬁ%ﬁﬁsﬁﬁt&ﬂoﬁsﬁﬂhﬂkd%&ﬂﬁﬁ:heEErSéﬁha . one or nore substituent
selected fromal kyl, substituted al kyl, aryl and substl tuted aryl groups.

Nbre pref er db¢ pr eaghed isriadenendently af uus@ﬁwltﬁd enaibstituted diwalentoltydsogasbyl
substituted with one or nore substituent, the substituent is an alkyl
gr oup. he®™¥®t abl e substituents for the A and/or B groups include cyclic
groups, e.d.nigYdraalikeperdfdons] ta® cyclic groups wherein two different
carbon atons on the A or B group formpart of the cyclic ring of such
cyclic group. Wien nore than one of A and/or B is substituted, the
substi tuent (;3) i Y. S on A
and/ or B sholgl0 %‘?c’ﬁdg%ﬂfﬁt oﬁg%l p?%seﬁtrlgg% ontﬁgocr(f(%r |on®u§np?rayed flg’g
prepar ati on have thedonmap@Vicls of formul a (I) and not give unfavourable
interactions with the fuel or other additives enployed in the fuel.
Substit dénts neeting these conditions will be readily apparent to a person
skilled in the Suita bstituents for the substituted al kyl and
substituted de hal o, hydroxy, vitro, 20 al koxy, aryl,
cyclic and eSberggroupp, ang.suftable substituents far the substituted aryI
and substituted aral ky? groups inclyde hal o, hydroxy, vitro, alkyl, alkoxy,
cyclic and es ups. {&8e ca f substituted aral kyl groups, the
substi t uent B; substituents nmaRgbe present on the aryl and/or the alkyl
portion of the group. Particularly suitable substituents for A and/or B are
al kyl gr oupswhere R 6ER56hch¢aEB.g droethgkaamd e, et hyl 25 groups. Preferably, in
t he conpound, g&hﬁﬁrnul A and B are the same. As used herein, in
connection W taqdnventlon the term"al kyl"™ or the aIkyI 30
portion of Odufh ed
chai n, m%%*é%%°% PR ASHPPRIGES EBUATD S bhLAh of BllnChuhian®)
subst i t ut ed piovidé atrieashy dvto¥eofliyan, bassd ph tisweightofitbe compositions a group
conpri si gg at least C and H and which nmay, optionally, conprise one or nore
SU|tabIé substituents. A typical unsubstituted or substituted dival ent

hydrocar byl 1g~aHPbd Mﬂy%@ﬁ&i&d’f ﬂhh?ﬂleoﬂas‘ﬁﬂ@%ﬂe.& sh&6in Gin VeBnRBdtioRY #itR G bon
group. Here 5 the term "hydrocarbon” nmeans any one of an al kyl ene group, an

al kenyl ene gieﬁumonaaftbﬁ W@d@f@m!ﬁ (I)/\mptﬁselgrtb@bsndnﬁqmttbe imsgbstituted oanched

or cyclic, di For exann t hesunsubst,i d.,or
« Substitut ed SHP?/a ,X?“ﬁé)e&’lt g%%f’%agﬁﬁg&%?pt% ctlvb AorB group and &&i e dhat
the bond can be either to the A or to the B group. Further, the bonds from the

20  unsubstituted or substituted divalent hydrocarbyl group to the respective A or B groups
may be from the same or a different atom of the unsubstituted or substituted divalent




be an al kyl ene, branched al kyl ene or cycl oal kyl ene group. The term

hydr ocar bon al so i ncl udes those groups but wherein they have been

optional | ywwe¥hsdsvg uted. If the 10 hydrocarbon is a branchefcfgiiRésgér

havi ng substituent(s) thereon, then the substitution may be on either the

hydr ocar bon backbone or on the branch; alternatively the substitutions may

be on the hydrocarbon backbone and on thegbranch. A preferred unsubstituted

or substituted dival ent hydrocarbon group is an unsubstituted or

substituted dival ent al kyl ene group having at | east one carbon atomin the

al kyl ene 15 hidibestByl Ybhs, tRE EirfleR BEg al degniAl WoRfjouhd bRdl I 1afbdBding Wid-

di val ent hydrocarbon group is an unsubstituted or substituted dival ent

" al kyl ene gr oggmimalcamgpdundm 1 to 10 carbon atons in the al kyl ene |inkage,

for exanple, having at |least 2 carbon atons in the al kyl ene |inkage ox

. having one carbon atomin the al kyl ene |inkage. If the dival ent hydrocar byl
group conpri gethelBonfpobidof fitfhufa (I estht AQ6E BeraP ofs eﬁ@ﬁ?le,nﬁﬂe desbabd hy 20

be linked to each other. For exaﬂ%le, Ieastytmo of the cg?%bns may be

at
| i nked vi23 aussubstityted e sybstitutedr argmetip carben ging pke agjupsyhstituted, or substigited

group may cont al.n: U tabl ro L hl to
Phose skt 1 | oo BAabEemh 3ER cortiline, 5, HF kEen Bt 8F Bt hereRlhntEy B8,
oxygen, for @sainy, N afd e Prefefablyx @asH Asamf Bsis indbpeddentBs tn tunSubistinitéthbr My
be present on one or nore of the hydrocar b}[l bgroups Z, include halo, a
substituted eubstigedhamomatic carbankingy Mersupreierably,sach As and Bj is anamsubstituted
unsubstitute vl _gr a substituted or unsubstituted aryl group, a
substituted ro%ﬁlil\él%‘lg’ﬂg%#éd aral kyl group, a substituted or unsubstituted
al karyl gooup, i a substituted or unsubstituted cyclic group, and groups

having the fornmula (V). 30 WD 02/ 18398 7 -ie _~ pie (V) BBm
PCT/ GB01/ 038y thgrromponnd ef fasmulaIleashA and B may, fer gxabplocindepcadently bgham

resent, is | n S i i i .

Eydr ocar byl Wﬁ&%ﬁ%@r&%ﬁ?ﬁ%@&WW%M%GW%ggEﬁl ron to
t hg possi bi | hetyron?rcﬁdwdngupm}t‘e;rablymuixm?ommdcmc blihdsﬁgltedj jromgaticocdyborn tringn ?f
substituents may, forma _cyclic group. |n e enbodi t, Qne or, nore 5 o
the hydrocar sw%g%ﬁm 32%/’ l@(ﬂwgf %gmd’%- rreﬁ?ff’_%gy’ {:}52‘1 Q%‘tg&s Jélfi_ependen y
unsubsti § 51t edh 3 #bs@iuNARG sib A d oﬂ%&%aﬁdh%ﬂ%%ﬂd&%&ﬁbw& st |

al karyl groups as substi tuent n anot her e Iment, one or nore o t he
hydr ocar byl betergegelicZ ringp rgrefesably, umsubstihaed tare sulistijuted raromaticrmasbogr oinps
having the formula (~Jdn which.A and B are cycl opent adi enyl or .

Al Kyl Sycl ope gt 5 oAy M 1B (P ORER of formiile. 03 e chaienof
shoul d be i ngfel AURHIER SRR ABGGAtE® RWiflPR PabticAl® FRITRLAY Rfhst Be RhGP&ak Mk (81e
conpounds of formula (1]  and not give unfavourable interactions with the
fuel or ot heelegition ruleisdbeygsl oyed in the fuel. Substituents meeting these
conditiog¢ will be readily apparent to a person skilled in the art. 15 In
one enbolinent of the present invention Z when nis 0, or one or nore of
the Z groupsin sheémboditheht 6Tithd pleSent dnvenfiors ehér A o Blassbéibte@ Withod pariitdar

substituents_sel ected from al kyl groups, substituted al kyl groups, aryl
groups, subsFetatemds apyunsybstiiped o skbstijyted Sonersbered iszamatia eatben Kiagyar aw oups

and groups having.tb V. | ref er. | W th
one or nore gﬂﬁ%{s% it ,gnc{rg%g%ﬁ@gé \éﬂcfn %g%g%fi% uﬁﬁngﬁ:ﬁ%‘fyggg%ébw%% étg&: yl
groups and guouapsBhasedigied Mithf the e Fe-atolObeing &8 lunSutistifited orviubitittitdds7-f rom
1 to 10, each of the Z groups_may,  be substituted with one or npre

subst i t uéht s meeIbsEade aromaticy sakon Tingogpsan InHbstituinde gr Aukgtituted o (emhered

havi f ; Sy, - ts t
dLbetT t it e Sopiific KRR Hhed Mfrabty i this BIDAHIGR SR Gt B dbedlied |
Z group, i nchithea lpatticnlan Vi aboyn, isvan masubstitatedyor sybstituteda 3emembered qramgii.

WO 02/ 18398 CT/ GB01103897
gargon ring, watg tﬁe other of A and B associated with the same Fe atom being an

\d

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



Sui tabl e substituents for the substituted aryl, substituted aral kyl and
substituted cyclic ' groups, that nay be present in the Z group, include
hal o, hydrpeyenssegr o, al kyl, al koxy, cyclic and ester groupsr/cBifsRSAD! Y
al kyl groups. In the case of substituted aral kyl groups, the substituent or
substituents may be present on the aryl and/or the alkyl 5 portion of the
group. I n another enbodi nent of the prese‘.ht i nvention, Z when nis 0, or
one or nore of the Z groups, when nis from1l to 10, is a group of formula
(M): R- 10 wherein each Ri and R2 is independentl|y hydrogen, alkyl,
substituted ensubstitutet lbpsybstibutbaromatie darhbi ting containing 3 atoms indherngr Mo;e
. aral kyl, substituted, ar clic or.su ityted.cyclic: and.x is.,an

i nteger of abP™ %‘Eé@l}’ éangﬂsﬁ/regﬁcﬁfmwg stgptegta. all{1  Ting haying fiye eqrhon o
and R2, togeiifis iNHeltirg) Ee CACYRRIpeRla@idhIGingi ch they are attached, may form
a cyclic ring. In one embodiment x is an integer of at |east 2 and, in
anot her S enbodi ment Xx is 1. In the group of formul a (VI] each R and

(a a|iy| F e B 5SS B o oL BT o 30 1 by oF B, >
Substituted faipe . oGP o b Sior St 8k Son Rk, Koot

preferred group of forrrula(

Preferably, nd R2 are net )

where x is 1ﬂkhbaﬁloxﬁrﬂmb5¢ﬁu@d@{bliﬂ'hmmﬁb$ﬂmw aryl, ®alkyp ped sihstitute ﬁ‘élkglr oup
f f I t d 2 I d
'n the propePREPERrabRond S mora trtun, s BREH £ ARy RS Ga BT ast ©

unf avour abl eadd§ubsefitddoasl gloups.t Moré lp?éfex@blyOWh@ﬁ ond Gr nhote of ATRh@¥EENS Br t he
fuel. R _or R2 groups rreetlng t hese conditions will be readjly ap arent to

a per sonl&ki moegiof; B is substituted vaith engranergsybstitaaabithe substitugat isgb

al kyl and su tyl h u of
For il & (v ] Ot il TupBiimgh Rk e o BUOFY Binds 5855 68?%%@@{108 e
PCT/ GB01/ 038&yt1sa¥le igfoups Canddyelic g:roapmhersm tndldiffeferDedrbdr&0inS ohdlie Al B
substituted aryl, substituted aral kyl and substltuted cyclic groups, _that

may be prese&ioup formp pargof the Sycll’coﬁ#ﬂjpﬁs‘{"bl ‘)Yc Pr%‘P‘Ede“ﬂ’&Pdmlﬁ Qe of A r o

al kyl, al kox Qﬁl%t shar Etﬂﬂ%]ﬁ l..0r 0
case of subs;t{rlldt/ut e(lljg ara d gh(r%os&;g) (es) stl tuent (g:t\6 tm%qsgu&ngﬁ 5
be preself opresdnt oarA1 kmd/nd Boshoiﬂtbbaiﬂeyﬂ uqder theawsacifont dmadgfom pmployed ie the

enbodi nent of the nt inven n is 1 or, g ter than 1, each Z
is the sane. prfgarp.ﬁ v §°gf°‘ﬂ’1‘§‘ g?e%‘@n"tmlgwee aypurablg dnteRAcHORS ¢ i on

conpri ses twwﬁrthéf%a SO B H0Ls Eﬂ)ﬁg%@ ué])tﬂe gy %Héhﬁfeﬁ{s'xﬁgetiﬁ%' figs of

"n". In such conpositions, one or nore e Z groups present 1n-t
conpounds of cdngitiomis awill Ibe ramiﬂ,y dppareak ngpparsorbskibedmt the atte Suikble sobsitwentsor e

Val ues of it dng sypetBHRY ool i@ ERac bBl droigh dncipdibeis” bR NES
conpoundsy of alkekyTakyl, éyclic ahfl edteP &fthDs, i s‘ﬂifmg'sﬁﬁdi‘ftuéﬂfs fo?‘ih&ﬁi@ﬁ‘ﬁxtéd‘ 4291

the present invention, the conpounds) of formula (IJ conprise one or rmre

gemi nal bi sf@ld%lbéhgdtedl aalizl gvoups mqhdeﬂ@lmlhydrm:ybnitmgelk:)&talb@w chelic and

f | d f d 20 h

by ool kanetbritGin To B B apteoRertlt A et s SoBhdhe g afbretfonls” °*
strai ght - chamag e pr@emosiiie adyl anddr thealk@rportich of de rgedxpmra&hahmya sieitabld dge

wth 2 to 4 carbon atons and especially conpounds with a propane brid e

2, 2bi sf er r ocBibylityerip doe Anand/ony Bt tre allaylngrpups wjth71-f <C-ataomes, fon exampleheth
preferreﬂscogggg d 25 0 Fe ,'' ~ Fe 0 Q The conpound of fornmula (Vi) |s
consi der’éd t "an exanpl e of a conpound having a straight-chained al kane
bri dgi ng group.

Preferably, in the compound of formula (T), 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.



. carrier or diluent.

WO 02/ 18398 10 PCT/ GBA /03897 The conpounds) of formula (1) may, for

exanpl e, be present in the conposition according to the present invention

in an anoumO o3ms3dg ci ent to provide, in the conposition, atptrasbi@syt. %

e.g. at least 3 wt. 9% of iron, based on the weight of the 5 conposition.

I n one enbodi ment of the present invention, the conmpounds) of formula (1)

I s/are present in the conposition in an agount sufficient to provide, at

-30 C, and preferably at -40 C, at least 1 w. %of iron, based on the

wei ght of the conposition. 10 Preferably, the conpositions according to the

present i nveThé¢ aemarendubsibtutedrorssiibstitatedi divhlgnf hpdrocarbylk gronpting ysed thefeini mul a

. (MI1): A-Fe-B (M) wherein A and B are_as_defined above. IS In the
conposi ti on BEARBY ¥ BHP@mMpEsing at deast Ci%sléﬂta%m‘fh% > COMDISe AP a (~

slare typi ogl Lo/l SaBe it SEGyniBHCLAMRtdY 35 OhitSthuc o
referabl’y the carrier or difuent is an organic
conpound t hahydrecabgladruemis ahamstbisetutedmosubstitajed divalert dndmcirbpn group. Hea, i n

t he conpogition acgording tqQ the present .20 jnyention, the conpounds) of
fornul a (i) ﬂ@ﬂﬁ%pwggeﬂ?b@ﬁ thepne 4Y OBF of & ol eae| e, anpllengleas graup, an

I nvention al | awiR f t B N

| ocated in t Eej eilﬁgéugl?%gyst e;r#gggulg né%fngggtﬁ F%hb%%g%&?@rcﬁk ’u%lféj %en%é@ﬁpl e
| ocat ed i n t pwupx Faonskampls) thmunsubatimtehercsmbgtitetedi divalert fhydtogarbon groupnmay on
engine (e.g.,a digsel 25 engin whi ch ¢ 1rises corJItLl%ctin a:rgg n- a};ed
particul at es!’eﬁ‘i‘é]g‘é(ﬁ"t“ei ‘ﬁ’gdﬁﬁéyi‘inﬂoé cyqzlpglg? CR¢ BIPUPwi tE‘thYfg"P?"BﬁO‘b SJuct s
of a conposi {4 dj : ' | : ' : e S
a hydrocar bo%dc%&g?fiﬁﬁ}e F[E)?gé (r?g% %3“@?1@%(?%%3%# %ﬂgg%lg}r 5@#8“’5%‘{% hﬂgl{ﬁé
present 1Gvehydrocarbayis o ranched spruauretavingesabstituént(sh thersonather theasbstitiitiore d

with the conmbustion systemfaqr introduction into the fuel prjor to. 3
Conbust | on 0BT e Pacritier ik dydeation Beribgug yon Yeohmhb shgnatvely’ the

PCT/ GB011038Qbstififiohs By Berbk fit BRRSChrbSH badkbbad 8ad ondfie bRdidheA Préterred
i ncl udes carbon-based particul ates, e.g. soot particles, which carbon-based

parti cul at esuasubstityisidc af | spbstnied ddivalenh diydysicatbonc grawpsis @an uhsubstituted e br

within the cg Sti PR SYs ut which na sQ be fornmed from,co stion
of Iubr i cat | ApSHrec fvaleRl ARYIENS oo BB 1R, cie, S8BT atgm, B e Alkvigne °"
conbusti P SHisk+pE) MiéreiptefeiBEY, Ha tinshbstituttd 6r skt PETRNIRddarboal@sup
present in the particle filter trgﬁéﬁ and the conbustion products of the

conposi ti on kasomsibgiteted onsubstibBethdivalentalkylene groupdwving fomd) fodl0 earborcal | y

parti cul at e, eri n{. 4t ty] (o} t

conposition %@%’Fgr |%lgs W?@e%ﬁ’egﬁ %%x%lﬂg&ﬂmggét f|‘15n |?r§?%’f)§ a%)é(xggn ﬂ?et S
al so i nport aslkylshalinkhge 6hdofg bas eakbpaAratom Uh dhe alkatuhetliitkag®) Mbulsd divalent
products of ﬁhqg cojymosi tion agcor di n%aéo the present invention, present in
the parti cl ehydrpeasbyligrayp comaprisep mongithag ope Cther those rerbaps reed aehnecgassribe g,

02 or NOZ) . BE BRI ohcl Bt PG GRIo1E M 1chs: () HARE cBB3ndfla Be I1HREA Viah

W thin t e’ e%aust gases ustron system
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



The present invention further provides the use of conbustion products of
the conposition according to the present invention for decreasing the
regener at iwo ocaggeerature (i.e. the tenperature at which trpaope®o1/03897
carbonaceous material may be 20 oxi di sed to gaseous products) of a particle
filter trap located in the exhaust system of a conbustion system for fuel,
for exanple, in the exhaust system of a h¥#gh-conpressi on spont aneous
ignition engine. Again, the fuel is typically a hydrocarbon fuel. The
present invention still further provides the use of a conposition according
to the 25 invegntion as—an additive to fuel, typically a hydrocarbon fuel,
. for decreasingl Ahe regenerafion tenperature of a particle filter trap
| ocated in the 4xhaust systen1of a conmbustion systemfor the fuel, for
exanple, int ng.hmrst System of a dr? gh conpressi on spontaneous ignition
. engi ne. 30 Genj nal blsferroTenyIaIk wherein the al kane bridge between
the two ferroc Eyl resifduesgi s forned by a saturated hydrocarbon, that is
to say by an al Kane, haye sﬁomm t hensel ves to be particularly suitable for
use in the present invention. This al kane WO 02/18398 12 PCT/ GB01/ 03897
bri dge can be strai ght-chai ned, branched or cyclic, st rai ght - chai ned

o ef or 1 ed whMRESIS FaCA AR G RS A RS BdepREGpLy s
conpounds Wwi hﬁs@sﬁﬁ%a&esd%mﬁ% cﬁﬁﬂeﬁﬂ%&é@ﬂi l'gﬂoﬁﬂq%ﬂ 18 4% Dad dnl inYegEbe use

in the present invention. 2- bi sferroceny Igro pané 5 is, therefore,
hi ghly pref e!ﬁroadltt@l}ﬁodndddmblkm\ﬁwmossibélﬂyb thecubstijuehss being a\wsllcagm)upma
manuf act ure the Lior ar A-3.673, 232.

3
Conpounds of SPEPHE glefsu‘g\aﬁw 2 ey O Ayt @ous thion€ sihbgtihert ng 3y Ree 23

unsubst i t§it edf gecydpiatad igesiipt, ZImnsawme bomofexsbelitatedist udbEhaERREH Syl t he
10 condensation of two eqw vaI ‘ents of ferrocene with one equi val ent of a

car bonyl conmBtpg 08 RS ORIOLE S{Jbstﬁh'@d@lf unpuhstifpitrd dkarsheroyps ssubstituenitsh Iy a

add i on of - PRebsr, SRRREHILE dhe oB BAeCati OL v ARRRI o i P RS e
conposed of gulstituehi(9)) oné c&tmo:reggmﬁpsihaﬁng thée forphuls i(V) d6 i which A ahg B ate
e.g. methanol, and a solution of ferrocene in an organic 15 solvent, such

as tol uene, 6yclopentadienyhiosallgicycloneniadicayh Hinger AResibstnent presant b the de.

Conmpoundgg of e re
of A andf%r glto?:é a su(gstl %n"e\,‘? {‘*}Ecyc opeg%tméll g%écixﬁél%sna pfo%& &fﬁ%ﬁe%%m
felrjrocenesOI fnﬁmpahﬁl@ olﬁ&rmmd y £iill 10 g mfmiﬁmﬂﬂtla M@ﬁtﬁn}e hﬁthftgé firt enether )
substitute rr.ocene, use s starting material, is a |]qui g ten
at the react Ywam@ g el ﬁubﬁ%ui%a&@mmsesz@ WW‘hebet%‘ﬁ;hase
system nmay c én‘i?oé +klﬂﬂécﬂm( e G, M0l ten) ferrocene compound in the

absence of t orgam vent rrp05| tions containing mxtures of
differently substitut ed ferrocenes, or of substituted ferrocenes with

of startThg HhpRs pEpadRseP eﬁ&%&é&eﬁﬂ Shion o whetnds 0r SFofden Bore, i dp £ °°
quantity of BRUPS, WA rpelieoﬁ d1wwqwsﬁedﬁ%necim&e&%ﬁ&ets%a&ﬁaﬁﬁelected

conpounds of fornmula {I) where nin formula (IIl] is non-zero. For exanple,
reaction of foBv aﬂthgraumntsubsututal:eiky&egrpeps, ravylagroupy)i swbstitutedodryl groupsene

N d duct t f t
compound of - PRrsEs0 e SRS AT Bl B5d o 1695 the AR BVS b d¥ewni cn
nis 1, 30 apsy Egﬁ@feﬁi aib@ﬁefed%ug@ﬁ@bﬁmm‘é%b&%tﬁéht@&em&i A6@tME] gréups VO

stages, first O equi valents then a further O ui val ents when theé

reaction2Q s suhstituied allkyl grounsrapd greupsheving tha fosmula V) abeve. dionexamplagvken

. sonewhat hig rti PCT/ 03897

formula (1), H V\é E tllél) ?d; %Fhmﬁ‘g?%eﬁg}lgc&ﬁyg géﬂ’%&aﬁﬁg})o% (ﬁ?@gﬁi ng
the reacti onslcﬁsuﬁ;eﬁ% &Wﬂoﬁﬂﬂky@m@ﬁ?hﬁb@ﬁhﬂéﬂ‘&kﬂ@@ms\@d@f hbviag theof
ol i goneric speci es _present can so be adjusted by changing the addltlon
profile of Dbt e @ )abo¥ecene and of the car bonyl conpound or equival ent.
Thus a high proportion of conpound of formula (1) 5 in which nis 1 should
result fromtreatnent of the reaction product of two nol ar

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.



equi val ents of ferrocene with one of acetone, followed by addition of a
further equival ent of each of ferrocene and acetone. Conpositions
cont ai ni ngvagrpxisdssees of differently substituted or of substpdpE&psl/dzesr ocenes
with ferrocene itself can be prepared through the use of appropriate
m xtures of stacking materials. 10 According to US-A-3,673,232 varying the
addition rate of the carbonyl conpound og equivalent may result in the
formati on of conpounds of forrmula {~, where nin fornmula (1I11) is other
than zero. 15 Mol ecul es or conpositions containing different, substituted
| i nki ng gr o$pitable sulsstituches for epasubstitniedapyl; sybstitute] avalityl aadhsubstitatédeytclie

~ schenes outlined above. Conpounds of fornula (1) containing, on the
hydr ocar byl Zupsgthat may,be presend in the)Z groupeingindg %610; hygrexy qﬂrg%saﬂfbér kaxys be
prepared in r . t e i i . he

. carbonyl coﬁg%luﬁhun dgre agég%%?’e%@@%mfh%ﬁ%r%@g%s: %{?%sgdéggﬁl\%gﬂﬁﬁ aga'ikﬁ
di - carbonyl gsnge) the @ubstifentverl aibistituents mas ba plesshtioh thie anyl @mdfbr kihe ciliey!
Appropriate care needs to be taken with regard to the nunber of nolar
equi val eft s PSFHGRATKhGEHOBP al present. Alternatively, a conpound of fornula
(I') where nis O and contai ning, on the hydrocarbyl group Z, substituent(s)
of formula (V), where mis zero, 25 may be prepared as outlined above using
a chl ori nat énl andthehgmisodimetatf dhepresent irsvehtien U whep 1 is @ be dnevort inoge 6f thbi at ed
ferrocene. 9‘;?‘£})ound?1 of .f rrru{[a n, or rrixg res c(Sat.ai ni ng conpounds of
formul a (n, 4W¥fQHRS When nds Tamsk for v &t govp o &WYdKt (s) of formula ('~ in
which mis non-zero can also be 30 prepared in several ways. For exanple,
the reaction product of a diketone with four equivalents of a fenrocene may
be further react with a single further equival ent each of ferrocene and a
car bonyl - cont aifnp\n§_speci es, suc s acetone. Alternatively, a WO
021 18398 14 P EB /03897 di ket may be reacted with a m xture of
ferrocene and a npound of formula ()] in which nis 0. A further
possibility is thée preparation of a conpound of fornmula ()] where nis O by
usi ng a1ghl eleRsih eactrRy AR B i8linddpepdetivihydfogdehy allkhe Bubsithted iksl, s1R&6t ed
with a conpound of forrmula (1) whére n is O prepared froma_non 5

functional i ralkexyerarklet sibstitytede guily aralkyl, sabstityfedi aralkyl, cyclic or

Subs
Gsi ng 1 er r ot Ul SRR BB & 5§ o, BbgRLEt Cltelt Lo ' BRESC B ORI DA o
a di hal ogen Mpfpgively, Rsual R tdgethed iviith thedaticAngtomnidywhich rtBéc aredattaichdd, 2
solution of lithiated 10 ferrocene. Alternatively, a _solution of sodium

cycl opent admayform acyelicHng. ninrneemhodiaenit is A8 iBeger of ableaste andeip another pe
reactedqywit intld en conpound and the resulting bridged

cycl oper%?ﬁadir%fa&r?g m?g’gélgmgfh fresh cycl opent adi ene and used as in the
conventional preparations of ferrocene. 15 Al kane-bridged ferrocenes

wh [ h I bri ' be ~ d

el | knoun 1 ths BRWBC LS (Y il i GRS S Scemaley HEBURRENH e
b bt N (@ bdbsh Vel t -

be condenaed e Dy Cela Bt CH ARy shbpinRed Jsoe oy

product opt iCajeikdxy, (@glaryk dubsituted (Q)auyl,rae(CieCqalkyl ertsubistiButeid ar(GAsCaalkyk t her

al ternatjve,_conppunds contaj ning both at | east one carbonyl group or

equi val ght Eﬁﬁg@a&g@fiﬁé”ﬁ&%‘}‘ﬂatom, for exanple,

nmet hoxyacet al dehyde(di net hyl acetal) may be enpl oyed as starting naterials.

It may be desirable for the conmpound of fornula (1), when used in

accor dance V4 prefarted gzeumefcfornulai(Wi)da wihere x isd avd Rirand Roawe bathanediyli al | y

free, of unreacted iron-containing matefial used as a starting material in
_the preparation of such compound of forrmula ()7. ' For exanple, it is

preferred, RjenrR3e ﬁfdéémCiﬂ He @foupOsMEdnaulal{VI)ieshoRRE BS indieusider Whé kédcyo®r

di spersibility of the jron-containing starting material in the carrier or
, di | uent 2pr esenditions employed in the preparation of the compounds of formula () and not give

unfavourable interactions with the fuel or other additives employed in the fuel. R; or
Ra 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,



in the conposition of the invention, for the conpound of fornula (>7 to be
free, or 30 substantially free, of the iron-containing starting material. A
conmpound afobotigwga (1) free, or substantially free, of irporegniessyd Ng
starting material may, for exanple, be obtained by selecting the reaction
conditions for the preparation of such conpound of WO 02/18398 15

PCT/ GBO1/ 03897 fornmula (1) to give a highglevel of conversion, and/or by
renoval of iron-containing starting material using well known techniques
such as distillation, sublimation or recrystallization. A person skilled in
the art w || cyctiacindyesier gimhfs.t Suiablr sibsttueine foeahd isabstitwBdidrylpRabstituted
appropriate to _give a higg evel of conversion to the desired 5 compound of

" formul a (1]. aahehardsibstitutadsyslic grayps thy may haressnb unthe grounefifosnuladVy,

gem nal bi sf S| r i : j
. fuel and theﬁ#§§@q9¥Lgﬁgﬁﬂseﬁhﬂh%pﬁg co@bﬁé??%%g@%é?gégmﬁﬁgﬁggﬁ%%%ﬁ3§§@of
formula (1), geupgs. Ihthegrast bR kubstnited fralkyb grouph,athk solestituent ¢ substitich®s may
conmbusti on systemw th the conbustion nixturF supplied to the conbustion
syst em artl wh¢ PIese ep thesayl rithe plkyhpertpn of the gKWPduce combustion products
containing iron-containing species, e. g. iron oxides. Conbustion of the
fuel, and possibly lubricating oil or other organic carbon-based materials,
wi thin the chnbnsémbadisyat ehthp pockenicimventivay sheon iprlostugresterthan, eygh Zds | y
contain carbqQn 15 based particul ates. The conbustion products arising from
t he conbust i BY S8%€t he conposition according to the present invention and
whi ch conprises solid ironcontaining species such as iron oxide(s), and the
carbon-based particulates, are intimately m xed in the exhaust gases from
t he conbllst i Imomse/embodimerdt ohthe presentinventionytieeconapositionf ¢omprises! twaibr more¢ he

ticle filt t ) ilst t.W i tq b by, 20 t he ;b
Do eobs | habsanaR of Mo i SRt b na 28 o Bl Spipos b oht o
the conposit LR gefRrA 'r%?cglg% réseft A @8 %Bﬁagbﬁh’cﬁrﬁﬂ ﬁﬂnmwma?,gfg% 'g)ﬁéﬁx]l%ﬁse,ebe

material conprises Iro al ni ng speci es such as 1ron oxi

responsi bl e $ubstituted withlonaor nyara tgroupstaffomyla £V) suehr that) gesfups o€ forgmila (Bh
tenperature pof .the, carbon:based, particul ates,and, hence, the regener.aiion
{oror at ur o DRVIRR SIETFE ARES OF| T AP RIBReRiT iR La R GIBOSIADE (OF P8, KORTF 06 0%
tenperatig e edmpdiRds of fRfulagq®). sodes of spontaneous ignition occur and the
car bon-based particul ates, e.g. soot particles, are burned off to produce
gaseous products. Alternatively, neans may be used to raise the tenperature

S0-call od 1 Bt o ryed iR oF 45 boBREon, SICHE e HE iR e e
fromthe conbeipdudd(s)f off Fendd DS bompriser 080 dH MBrd @einimal 3bisfeiros&iylalkane,

i nvention, serving to_reduce the input of energ¥ required to_achieve the

"forced regeWhetsin haalkane hrden katwesn the twe Baracenyl sesidues dstosmed by a isaraied

Gosi gnec? or PEEPSE bl if10RR 3t At TG o leaPhe PRCIRE VLR L, o)
t hus need t opleferalsig estmigittebainedhie Osmpodndshare cpamtiadady queferred owltichn have 4 he

present inveption avoids the need far cos addi tion nmeasur es ,or
i nstal | at i onStid .‘Ql?‘ﬂ%ﬁ?iéﬁ@?ﬂét%%d& Lcompounga Wiih 8 PEpPaS: g i %2-
systens, for L basafl ?Vﬁb i.e . a ?hGB Lliered
out. This mgﬁgﬁ;&%&;@%{:ﬁ%ﬁgﬁgﬁ)@gr trap?g, e. ;ls’ ghﬁg% Hpgl ti c?%%#ﬁ er
traps, can beompoumflact ured cost-effectively for permanent use wi thout |arge
additiﬁxﬁg expenditure. Alternatively, if desired, one or nore of the
above- i oned additional neasures may be enployed in which case their
ef fecti veness r cost ctivenqggb particularly where extra fuel is
. burned to rais as tenperature, nay be enhanced by the use of
t he conposition g 1p.to the present invention, or |lower treat rates
(i.e. level of addition to t%e fuel) of the conpounds) of fornula (1) may
 be used. It i<IZERreved KEEL ke inti mate ni xi ng of the carbon-based
particul ates and the particulate material present in the conbustion
products of the conposition according 15 to the present invention results
in: (a). at least a portion of the surface of the carbon-based particul ates
bei ng coat ed The compeyndpf fompia (YBhissonsidered tobe amexamenlp 6 acrmrowddiavingng t o

the present | ;&Qi] QH&B .af. ggﬁ& a portion of the surface of solid
conbusti on p?g%ﬁg%g 0 eghe C%R%géP% on‘according to the present invention
bei ng coated with the carbon-based particul ates; and/or 25 (c). solid

conbustion products of the conposition according to the present invention
being intimately mxed with particles of the carbon-based particul ates.




Preferably, the conpositions according to the present invention are netered
into the 30 fuel, e.g. froma supply container. This netered addition to
the fuel nRw.o2figgegexanpl e, take place shortly before the fpet/gps1/aigep! | ed
to the conmbustion system e.g. an internal conbustion engine present in a
vehicle. Alternatively, the netered addition to the fuel WO 02/ 18398 1~
PCT/ GBOL/ 03897 may, for exanple, take plage as or shortly after the fuel is
charged to the fuel tank supplying the conbustion system e.g. the fuel
tank of a vehicle when the conbustion systemis an internal conbustion
engine located in the vehicle. 5 Fuels that nmay be used in high conpression
. spontaneous ignition engines are typically conventional fuels for such
engi nes, par §pegpEprynd(Ek of formuda ,(6ilné}’,ufﬁ'fr¢@faﬁpkdibésm$ent rin gbeicompesition hi gh
conpr essi on . US| o] : her , s
. conposi ti onsg%gg&o?%ﬁﬁgﬁ}eo%ﬁ%&p?he@gﬁ I{1iq%v%rin?alinggrll{n,r?ncsjltsy celgﬁsgédrhqg‘gégheﬂr rlﬁ%’/pes
of 10 combustémpositic, aifeaEwe %, Qgrdt leist 2ve. WrofHontased én dronigietchiahe a
probl em for exanple, spark ignition engines using gasoline, and especially
gasol i ne ¥i r RMPYSHIUEL i on engi nes. When the conbustion systemis an
i nternal conbustion engine on a vehicle and a 1 S conposition according to
the present invention is supplied to the fuel froma supply contai ner
| ocat ed on t heouelkimbbdimént of the prdsemttinastiona theacdmpmmd(s) fod fotdiaia (sl ave
container to be as small as, possible since_this is s,&gce an& wei gh
conser vi ng. pwseﬂta%ﬂlqmpqsw@néaaamowﬁ@ﬁ%@t tp providis abo3osind Ipferably
according to pr { k ey : ﬁf&?o@;ﬁﬁ ssible, the
conposi tion g‘{:—ch@r(?ﬁaﬁgésgl ﬁ'\e%%?ggg’nt [ n%%%%g}g%u plrﬂé5 erably be of a

relativel§ high concentration with respect to the conpounds) of formula
()]. Secondl en the conposition according to the present inveption is

, Wh
met er od i nt oPiofeabe| the AUmPOREANT ASFIREofo (e BISHESLIYSRURH A Hef-aof | )
in the conpogiysta 89& excessi ve requi renents need
to be irrposegﬁupoﬂaﬁg‘gg’g)gt%rggl y o‘ggtﬂg&r%@tﬁe |n3' operation in order to
achi eve permanent and 25 const antA-RedBeri ng(VHl)o the fuel. A concentration
of iron up to,a ma1>6<‘i rrﬁlrﬂ)of 30%. b i ght is advantageously present in the
conposi ti on ROETIHAY @ﬁé%ﬁﬁ“é Y¥nvention. Preferably, the conposition
has an igen content of up to 10% by wei ght, nore preferably up to 7 % by
wei ght. An 30 even nore preferred conposition has an iron content of from
2.0-5 % by whi thetcompositianyaceordingdo thacpresant inveotipmn Hiet ¢ompound(shof formulac@ht ent

of from 2.5-5,% by .wej ght . VWO 02/ 18398 18 RCT/. /03897 Not anjk houl d
Che. compoundByars PRisHyksorved {7 Geperstd Bretatly Sisspfoed e el of diteat
di sper si bi | i Pyeferablof @eadtiriierS6! Bibhdnt iy ani dtgidie cdidpetnd thit iSa 5dleént oL gt 1N
t he conposition, but also the conposition conprising the conpounds) of

formula (1) eemapeund(s)-nf fosmuls, (Iyishehe hat, SRdbe sompesition Aseqrdingrte the Jiesent y
) . O C & |
Shourd + 2lu1 v efERE R i BAAS of fofmaRBiy bl iyl T B alntar oY il B0

the range of from-40C to +90C. Wiilst relatively high tenperatures

general ly do_not cause any problens if the vapqur pressure of, the carrier
or diluent s&hedresnt Hvisplionsalse gypyidessp Imtbw? p@ﬁﬁ@ﬂ&tﬁmsﬁ PitiglechleTi TR y at

| ow 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.



tenperatures is a problemw th many iron-organi c conpounds. In this
respect, it has 10 surprisingly been shown that bisferrocenyl al kanes,
i ncl udi ng ywe@/gbg bi sferrocenyl al kanes, e.g. 2, 2-bi sf err oceeyGBIRRRFE
di ssolve in organic solvents to give a solution having an iron content of
up to 10 wt. 9% are stable down to - 25C, and partially stable down to -
40C and beyond. Further, it has been found that 2, 2bisferrocenyl propane
solutions containing 2.5 w %iron are stable at _ 15 - 40C. ' The dil uent
or carrier is preferably an organic solvent in which the conpound{s) of
formul a (1], Tke gterhhé&carbon-baded b paftientates® nyak alukath deerein,s /iacladeli sardonddhsed .
. Sui tabl e organi,c ;solvents include hjghly .argmatjic solvents in,which th
conpounds) oPartigiAts:cL-8 50_,0" P’t‘)‘ﬁ&g&. W]P%E %W%éﬂse P%’#‘ﬁWE?éé‘ﬁ?/ F}&H‘%ﬁé{éﬁerm“fcg/ are
hi ghl y SOl Ubb inddifie comblstSi e hel\PitiA"RERbinbustion! Qe BEPKhich 3k ot
. may be used. Int case of non-aromatic or |low aromati ¢ solvents, t
absol ut e sol alsé betfprméd flom caminstion f luobridatingidibof otheh erganic-based niederiabsver
than in highly arqmatic sqlvents put the solubility relative to ferrocene
will typi aIPQ}d &l‘{lﬂlfe""m ‘PI!SYE&FH'gth aromatic solvent with aromatic
substances 25 having 9 to 16 carbon atons and a boiling range of >170C to
295C, and a total aromatic substance content of > 98% by weight is
parti cul ar | yltdsiirhpdrtant that thel cachon-lsasedhparticulhies, preseht limibe partickPfilterArap, and
advant age of .t he m.nal bi.sferr.ocenyl al kane co unds j,s that the .
vi scosity of ﬂ‘goc‘t‘g PtPIBHEC‘%&éo'?{ai %/Pdnméﬁloﬁe??ﬁgg‘gﬂ%ﬂoi %eWF% PEHRAN; ng
such conpoungshetigily 8blid,A9pidalfAparvichlae! RARRI Prdstitinithe cobAbudtRARRbAIK 6f
range. This could otherwse have adverse efféects upon the punpability of
t he conpsi t thercompusition atedrdig to the prasers inventions be intimataty 0d@xetg398 19
PCT/ GBOL1/ 03897 difficulties in conjunction with a nmetering punp. In this
connection, the viscosity of conpositions according to the present
invention, cRrn§ aisbiigoRAg thit tH® tAbELBhded paftickiRés AemY cahbastR iR ef and
having an iron content of 2.5 % by weight, is |ess than, or apgrom mat el y

equal to, 25themampgsitignaesgsdingtathe pegsentipsntion pragentin the partigleciiesitiog, beo t he

i T e g o oREn B Goch Heaaf a oRIR oo e k0% 9F NCHT oxHbrsB i e el RIS "
content 15er ggilantgad bding GOpphiedvithin theleRBaishgasesl toin he coidbustion spstemhand, 't he

quantity of the conmpound{s) of fornula (1] to be added to the fuel should
be great 10 enough to ensure optinmum possi ble burning off of the

car bon- based rtl fr0 1 .C ficht h nd,
houl d ot biibreeth dhfhiion JHAbe RBHhCHR st L6 oBtbuth bSO i
event ual par tempositiorc ciotdrding ol dok poesentf inveatipmrfor cdecrdasingi the eregenexatiddnat
may occur due to ash nthe addition to the fuel of an excessive

&eri ved fron
anpunt of t hEEMPSHRBRSnUS) the temeperafhee ft-which frappedccathonaceqiis mpfenigl may be hi n

t he 15 remge gh; a@gﬁgé}gﬁ, Fa.ﬁﬁa&ga? ' i ng
5-15 ppm%]i nogglrs%?é@u?ar Int e‘ﬂgg’g?z’?‘f@ conbu tllégar\tédgglst?g%hgl .eé,.’yéﬂﬁlﬁlg%fbﬁ
conpr essi on eqpobistionsystendor fuel foreaxginples jn thefexhimest systqpn wfi dhjghedonipressidna (1]
are liquid at anbient, t erature, an referabl ¥ 20 liquid at.from-25C to
200, and ot ROAREP B BIEPRER G o Ageit, res i Hpikeliy Aty tisttoz el J000” t hen
it may be possible to use such conmpounds) in accordance with the present

invention in the absence of carrier or diluent. According to further
aspects of t Wbe presentrinventipn siill Surthayqrevidescthp use ol e ¢omposition gcagzding fto gheni nal
bi sferr nyl al kanes, e. Q.2 2:bi.skerrocenyl al kane additive f.or
l'iquid ftel serSIFt_‘%“pé? aatn1 %Hmb‘fe K &h“’t"cb'r?g‘?@ié_sﬁ gxxﬁrso!%rinpgf@g@?q ggér%’?sb% gﬁ’gi nes
(e.g. diesel r@oferagsn tothpeiattRVeTsd pafidlePfiltdri @zifl(fcbie'ﬂqn thy SkRABt systingfograabl v,
. in the gem nal” bisferrocenyl al kanes, e.g. 2,2-bisferrocenyl -al kanes, the

al kane bri dgeombustiernsysiem tfow thee fuedc oty examplgnin the exhausy spsiemofaa shighrr at ed
30 hydrocarb i -1 AVall .;ay be branched or strai ght chai ned.

. Preferably, ?%ﬁ?(sasq%%%lna E@%@%@%%ﬁ%ﬁai kanes, e.g.

2, 2-bi sferrocenyl - al kanes, the al kane bridge between the two ferrocenyl

fragments is _an alkane with to 8, . .
J ?0 Geminal b?sferrocenylaﬁcanes, 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



WO 02118398 20 PCT/ GBA /03897 particularly 2 to 4, especially 3, carbon

atons, and nore preferably, is a straight chain alkyl with 1 to 8,

particul angy 02143984, especially 3, carbon atons. Preferabpypciifosgem nal

bi sferrocenyl al kane, e.g. 2,2-bisferrocenyl-al kane, is

2, 2bi sferrocenyl propane. 5 Preferably, the gem nal bisferrocenyl all cane,

e. g. 2,2-bisferrocenyl al kane, is dissolyed in an organic sol vent,

preferably in a highly aromatic solvent. Preferably, the concentration of

t he gem nal bisferrocenyl al kane, e. g. 2, 2bisferrocenyl al kane, in the

sol vent is apridge Qe sittightichaihed, R aschled ok @clios Ridistraighchdifdd GrOBrafchedOf

. 0.1-10 weight percent, preferably 1 to 7 welght percent, nore 10 preferably
2.0 to 5 wei buitis preferably straight-ehpindda| Compounds atgenagticulasby preferted whiel bavend v |

t he sol ution,_exhi bi I er at L abi|] I t.r25 in
. particular, %@%}e \Q%ﬁ;ttgﬁe%ﬁo%nﬁg%g %ﬁ%@é@%l? P ﬁg%ta?ﬁéﬁpagxgﬂslrgflg% sa%a
viscosity of excéfieitan theisuitabifit/forase inthe présdnd ihOentivan tXNbisKirrodedylpRipahd
percent at a tenperature of -40C. 15 Preferabl {i’liéit he highly aromatic
sol vent i% aishthgraforean dighly prefersdeeampgund. Allaratbridged buraganederbiptives and

aromt o sol e Ente Al SrdoRl i ¥ PRt B PEMASTF22 96 Lo bon

atons and a boiling range of >170 - 295C and a total aromatic substance
content of >98% by vveight. An 20 exanple of such_a solvent is PLUTGsol APF.
Preferably, ©pmpeindst phAommula KD, et iniforayla dHhyis Ackynmed A gpd B are

2, 2bi sferroc _ € sl fnto th u b (N t @t
engi ne. Pr eﬁﬁepfﬁlla@'té@at I%élé %Xl 211519 %Sheﬁlsg’mgiﬁ%ll S{)aiﬂ{sp?%rtrbgcgﬁekﬁ%flk;% e?ﬁee. g.
2, 2bi sf et oceshidendakioneof tveo @quiealehts 6fhéerfacehe swithh ohé adquivatent rofna warbonyl of

the fuel is 25 0.1 to 100 ppm nore preferably 1 to 25 ppm and
parti cul ar| ycompyndssugh gs a keienecorgldehyds o ay equiyalendssuch @staokgtal or acetal,

cycl opent adi £ L100ST,0% ¢t K€ j - bi : I
> 5 by ot er r CeRbT P Rans USASERMARRP s AGbiRAAN By SAfon btine caboml,
carries at |easpounderaljiivhlegt tolaptwoi pHasd systerd campdsed of tacsohutionf atrpng heidabl y
an et hyl group, a, supstituent. For exanple, each of_the foyr 30 ]
cycl opent adi %Ey‘fﬁlﬁ}%@ﬁiﬁn f?)‘ﬁoeha“&rb%g'i”ﬂ @Efrf:pan%\mog% SN EY ARBEEANE3897
Preferably, @iveht!dih a8QoREALIOPY dubiSio Wi TefiBbcl i féﬁ'&b%h{eisétﬁﬁfte% foibne.

preferably ' such substituents are e same (e.g. an ethyl group
Preferably, Comppandsiaofl formilat@); whest enp farneuldg$il)yisezierp rand ane or mexe ohH At

filt d- out t ticl. b . of f . lL.t.af th ddi ti f
the gem nal Sach o b sustpta iepeniBaishybriae sk dlerd Rroseiesn ey elsdhes
fuel - Pr ef ejalohrid i s st TWHOR) thi SrfocR S Y AR fetBherkOfised as starting

hi gh- conpressi on, spontaneous ignition engines, particularly diesel fuel,
i ncl udi ng bi eterigk|is a Tiquidc(srg sanltenbaistha geastigh iemperature ugeddndhe preperatioh.on

compound®r B ot a RPPhEP el Bl SRHALRICh, YERid T8 Sl efietdite
fuel to whi cébripsmdanRsdbsénes of thetdtfariekdlyertd Cdehpokitios tortiiAing nriktured\6f

aspects of the conbustion s¥st em perfaormance. Suitable additional additives
i ncl ude det efifferantly substituted tegiocenesqonof sukstiutad ferracanesauithy ferioaenenitself ean

digfe
col our stabiq{] ' 51 G E L ers, other
conbustion i npﬁlgé%re%?ﬁg%tﬂgg%s‘?ﬁ%ggggﬂﬁg%@%?s mgyﬁ%@%ol dfilter
pl uggi ng depressants, wax anti-settling additives, ' - dispersants,
r eodor ant s, es, snoke suppressants, lubricity agents, and other
particul®e &-ﬁw 1P ig& rarIRer Lo relatiye Jnoler, ettty Qf%cergowloqmquadt Pfe
regener ati on, Qf j il '_[Hu]h of a
_conbustion S«;,/cg{l\éméif’ttg?ﬁpﬁg%éydt??fepéfeﬁo&ﬁﬂg@%%[fﬁg t @%@g?‘%f‘%ﬁ’ﬂ C ?gdi ng
t o t he pr esemin-zerv.e For eramplg, reattiom ¢ff @6E equivalenth ©f @oetbnis peramolay stunalentr i ng
conbustion of the fuel, give rise to inproved conbustion of the fuel and
hus have a Poleress il Piadiet suefic pobiae o mEREe, ol teesctadstoriggens, Soeng
I nvention Stédﬁ%&&iﬂtdf%mﬂmmfﬁﬁvh?chr@lm% &imﬁ&ﬁhﬂfo‘f'f&%ﬁa QBFHPW!MB R¢cording
to the invention, which conpfises extracting the conmpound W th carbon
di oxi de,BdQ y pangla I lpbgsildmiﬁglmrialig_omers;ngrﬁnthh_ itieti © ithe.aca'thh Be fin| twowsta; 0@55&81}3_065 are
presented to illustrate certain,enhodi nent,s t he.presept i nvention.
Wo 021 16308 valsHbes %@‘i‘f’iﬁéﬁiﬁ@‘é‘& Shg 3P s feption i ppyadially SREpIEC
the sol ubi | i fpulf givera R@aHR dodtditifg b Sithewiadt Aiger Groirien of BL&SHScUnd 4P
was found to be 175 % by weight inrelation to the irton content of the
solution and at - 40C was found to be 0.72 % by wei ght.




Exan~le 1 10 For 2, 2-bi sferrocenyl propane, under the conditions disclosed

I n Conparative Exanple 1, solutions with an iron content of 7.5 % by wei ght
wer e foungyd op/fagesst abl e wi t hout any probl ens. Exanpl e 2 15d/egévizgen of

2, 2- bi sferrocenyl propane in PLUTGsol ~ APF with an iron content of 2.5 % by
wei ght was found to have a viscosity of 8.6 nPas at a tenperature of - 15C
and of 21 nPas at a tenperature of - 40C]3Further viscosity/tenperature
observations are given in Table 1 below. Table 1 20 Exanple 3 Tem

er ahueVi scosi mnPas- 4021.0- 3014.8- 2010.5- 158. 6-

106. 804. 820XoitAdla (PARwRICA 2. i8 BDthal) @ pracéiufatiéseriBedsdlmne indalving tisotenttiom of

. 2,2-Dbisferroce ne PLUT PF with an iron content of 2.5 % by
Wt ght -t he Goh hiveleenf acsianss ik TEERYS PEIROTGRSOf QISmERS SR par?f»ent i
dependency %ta&“s%p&ef jWhéd by c%gﬁ%ﬂa@%&&u%ﬁ @éﬂh%f%o&cﬂle%%éeﬂﬁéﬂ& o

. Tenper ature CVapour essure 14025036 5705801390 5 Exanpl e
Stability, Aﬁﬂbdn@diﬂp@md‘babtlmvﬂemo Thias adligh ﬁropomoﬁ dfi osmpnumteﬁt;olrmnkapﬁhe

ddi t 20 J Co . S t Test <0 Test 0 1.
BT ter - Adse a8 uhich st sbowd reRpl oot bed Bih BE i e, Pl OB B IR e 20
m i ronTot a' éqr%%léﬂ@ 6§’f€frb(§eﬁéa®itﬁ%ﬁ”9f a@&eﬁ@nfonawwosglaa&'ﬁoﬁt@ a%ﬂh&g at

95C over s wth air, subsequent filtration and assessnent of
filtrati on rmh\{almhaf reach N6 fertqcehe land anytona' wéCdnapagitions eostabning mmtueescarﬁ ri ed

t h tit 15 ~ f uel h .
2. 2., of er r GRYPHY STl FpbiisRed Brocspéivifh bgrelne elf ap beprepatstan o
denonstr at esth;d%%hﬂ;ejﬁemf ﬁ@@gﬁa@h%@esm%%)ﬁ%ﬁmropane in the fuel does
S

not adversely affect the ility of the fu le 5 Fuel Stability
Tests Addording to two in-house test nethods 25 V\D 02/ 18398 24 Test

Met hod 1: P 3 sa e a ri be TabI e
T be o 1 O OTaRE L AR T2 RS ud adiREF rd B e bSTRS bppo

t hrough a Nosquivafen® Ghaye késtit binethk | folBhtidn 0P Rbaipbiidy bAForRaey €5, AVRE n2m4 cm
glass fibre filter_ papers and the col our determ ned according to ASTM D

1500. 100 cremy d4s gther thanzew®r wer e t hen

15 Molecules or compositions containing different, substituted linking groups, Z, can be
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 () where n is 0 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



charged to scrupul ously cl eaned borosilicate glass screwcap (cap contains
a 6 mmvent hole) bottles (Conningl372). Additive stock solutions were then
added to wusb2/m39gl es as appropriate and the fuel col our rgeglgb&gsksed. The
sanpl es were then 10 pronptly placed in an expl osi on-proof oven set at 80C
t 2C. Sanples were aged for 7 days at this tenperature before renoval and
cooling in the absence of strong light teganbient (21 Cto 26C) over a
period of between 3 and 24 hours. The entire fuel sanples were then each
filtered under vacuum through separate 4.25 15 cm No. 1 Whatman filter
papers (ref eliketshelmaypbeé essicred with a giixtate dfifetredenp apda ‘cpmipotnld ofrfoamivlal (D) ipor e
~filter holder, assenbly Cat. No. XX20 .047 20. The filter papers were then
stored bri efWI%»lgIF B 18 Qo afAtusthe Possthiltty 48 the piepatation g a(ﬁﬂn&ﬂmgfoﬂfﬂ’éﬂ‘ﬂﬁl ered

fuel was det ] . he i Efﬁﬁﬁp e
. then rinsed v\?l\ll{e?%‘l ?gﬂ}‘gﬁ%g%@?gﬂ%@%%ﬁ%ﬁgﬁé&%ﬁ t eh‘\%&?ﬁ%‘%g’g | trered
t hr ough t he restgake wtithy @ ocomgowal of Ofofmiilae (T) pahere . n Fisn@l preparet efrbinl henorpaper s
t hensel ves re, washed . with i so-octane ,arélg allowed to air dry. A
refl ectarce qﬁﬁ@ﬂ%ﬂﬁoﬂﬁ?@&r&ﬂ’é‘t" B.is ideally then used to rate
the filter paper to elimnate the possibility of observer bias and inprove
I nter-operator 25 conparability. However, where such a neter is not
avai | abl e, tNen-gérhinel alkayebridged)fefrasenes atehvilso availabliedy) a hembes ofitdugesraatie d

St andar do. 1 ARPESBEORSSR, SOBIMERGT v S0 UMby B4 BRBIRR & Rlegee

from thi's | aeimRkdod’d QishidBndahl oy behiedside sERbR YA TR © ¢

correl ates pho | ¢ standards agal nst ‘neter readi ngs WO 02/ 18398 25
Tabl e 4 10CT/fem0ken63 8AltetRefivaly,t @ rselution rafastidium Ryélopertadienyls asilusédliél many
Stability Rating hoto.hic standard nq. Quality. of .

ot abi || 1580 PreRetsis o6t Eonens o Hethsaseelvi s dibaloess compeund i be. 2016
-20Ve oor  Tegdyddy e@cgrli?/éeﬂiﬁrﬁ&ﬁé%b&dfvﬂfh #r&8 FORDEStadibnd A hse8 as Rfhe
identical to that of "Test Method 1 but 5 there were slight differences in

t he anal ysi sonventiohalprepasationsiof&trackee.adher ent material was rel eased from
the walls of the sanple bottle by washing with trisolvent (1:1:1

nmet hanol : acet oneaol uene), re precipitated with iso-octane, collected on a .

separ at q5f i | AlRanePBridiedafRetotées Cvispsinrthé alkane Agidpé icon@irsyhetéroi®hBhaphe ' -
filterabl e and adherent deposits was obtained through weighing of the dried

filter paperpsensesdobk ranes avallknov o thosarskilied incthglart fFos examiple, tithiatefet hod
are g9 ven '{%g%@c%:@ ggajeia%” Rhbted HithS-chbFoety fotnet. "ARGIEADE 1y e} FerfoceHE 35 S

ot herw se s

Di esel Fer r oGerendehsbd, ¥ & Witcahylemcdionim( dndihe pasakivgdi-imiRAstedidt vprsiallyi ve( 2
0O ppmiron) (20 ppmiron) (20 ppmiron)Test Method 2Test Method 2Test Met hod
1ol ourtart < rgc_hgag gostheg e, e.g. with’' NaBHy. As a further alternative, compounds

1. Of i ni $R3<O0. . : 5fi | ej 1 - esi i Nof | ect
(%9898?9@ c?%ﬁl%eéterl\ a?{sﬁl %ggﬁl%uééﬁ?a?ﬁl %gﬁajee?% aér%{éae Oﬁg/() g!gglgcggei t
m000 ~| ~ Cctheteocdtems; foo exampleamethoryacetaldehyde(ditmethyldcetad) ay bb ehiployed @at e) .
15 * = value for conbhiped filtrable and adherent residues. Clearly fuel
cont ai ning t %’i‘?ﬁ’@F‘@-{Sal i ron conpl ex shows markedly | ower stability under
this test than do those containing ferrocene and 2, 2-bi sferrocenyl propane.
The stability of the material of the current invention is shown to be as

good as t hatlt @@y pe desickble foy therrompouod of foompla (i whee nsesdarasjordantewithithal | y
| ndi sti %Ui Sp?c%grllte iﬁJegwoﬁ,h%[ bgf frger:t or %abes E‘gﬁ}', ‘free, of unreacted iron-containing
material used as a starting material in the preparation of such compound of formula (T).
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 (T)
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



WD 02/ 18398 26 Exanple 6 TEST METHOD PCT/ GBA /03897 A suitable engine test
procedure to all ow performance screening for candidate fuel 5 additives and
di fferent Wh/{sdbgesel particulate filter) technol ogi es is w\e/§g51/8887 bel ow,
The devel opnment and formof this test are nore fully set out by B Terry and
P Richards in "A Method for Assessing the Low Tenperature Regeneration
Performance of Diesel Particulate Filter¥ and Fuel -borne Catal ysts" SAE
2000- 01-1922. The test nmethod used in this Exanple was as set out in the
above-nenti oned SAE 10 2000-01-1922 and was as _follows: A set of five test
poi nts f r omfarmun I} tecgine erhigh leyek ofreanvessiane and/ey by sempualaefi | {Ben-opniainingd as

& Tost mat ALl ST el el okt PstBRLG 3ot Fo CRIEAGH, Sibiltagion 3 ©

~m~2030 For reaghtallizatidie s pesbn GRili¢d tih Ghe attheile Agidil beasblene deteemieothe14
hours. To prot ect the 15 F fromthermal damage, resulting from excessive

" soot burnoutreamnacpqadttmﬁwp@m@t thaivie rhigh devel |ofpeanvigesionsta theodesizedh of
t he oper this limt was reached the engi ne duty was

i ncr ease n@%@%&?ﬁgﬁu}g St gas tenperature to the point where the

trapped soot woul d oxidise (i.e. high duty operating conditions). If

however, the_soot spontaneously oxidised during nornmal steady state

operation t hWhemo @mpositioner agearding wis ﬂé‘huﬁ%sﬂnt THeventign t ((88y cseminat

back pr essur%ﬂeﬁ?%égyi’@?agggg%%ﬂ tqri?g idT0QAVert Cfeé\.ﬁﬂ)glﬁ& t{) r}.ﬁ? A" k' 1Y fuel is

condi tions S consl s OW ng; 'start the
engi ne, al | astipplgedatonths wbmbhatoﬂ styetem;ghmeorﬁlbaundss)tocb‘ fomaula (I)pe.gather geminal VWO
02/ 18398 PCTI 01/ 038 run for~a total of 70 hours at the steady state
oper at i i $1 e 18 Prfewsti%wﬁt% With he, sembystion BEWEEEt i on

to pr Oduce 8[1.&?{% ﬂh@%&%&idn é}siﬁfh ﬂidj?[uch ES theOfikl %H{ H0Ub Rbdfe 1O

t he next test sts were run wt lve op ratlng condi tidns |nthe
sequence 300histidbprddicts contaiAlig/ifon-Onidiitg spembsl&@Oﬁdﬁ) oxides. alembuyytiog

e w ndow 128 86 5 and neReay 1y BX“a“aﬁaﬁg»t%eaa“riéw%‘% apEResd ta”%@aw%;aﬂaﬁlt
back pr essurie bombiion $9&emIRodds EirhbiiibR prddd ats%ﬁewpak%u&%néiﬁs

per f ormance. The an ex aust pressure, ‘the better
syst em [dér f &as@perﬂcﬁﬁtéﬁESThEN@ﬂhEsudﬁq:roBuﬁm ﬁ'bﬁ_ﬂiéheombnshonmf the

undertaken usin eu XLJID: 9A en | ne nount ed on. al | et arr.angenent
and equi ppeocoﬁ p‘?“%ﬁ’f‘#"éq 3@ tpr"esi Hygayen ag e\?ﬂ'rcﬁc% §ﬁ?1(§8{‘$ dH®and
connect ors fQntdififg ' peBiBs ahblP MhsSireih Alxide(shDiafid PR | GirboH-baed SpRESulNGS are
connected to the eng| ne test bench. The éngine dynanoneter was a Fr oude

AGL50 eddy dptimetely mixedeiniheexhansitgasss| fram the eambustiorsysteraand the matienlate
system Engi Matet A%k %lfepe% 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 teraperature 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,



tenperatures were controlled automatically by suitable 3-term controllers
integrated into the secondary cool ant system supplies. The test bench was
control | edv@oghsded a | ogged using a CP Engi neeri ng Cadet symiegBo1)i3gyit est
engi ne was of the indirect inj ection ()DI) type, enploying a Ri cardo Conet
20 type pre-chanmber design. The engine design was a four cylinder, in-line
with a single overhead camshaft operatinggtwo valves per cylinder. The
total swept volume of the engine was 1905 cnB. The engi ne was naturally
aspirated with a 23.5 : 1 conpression ratio and was fitted with a

Rot 0- Di esel #ndeyhibhl Misaiddd BOBe e Bidt&l P Esef dfethe icBPE4iHbAS addoRIiAN & B

. exhaust systemwas nodified to all ow ready i nterchange of a center section
25 whi ch couresenhinyeptinmavoids the|need ifemcastly padisionaleasyres ardnstpllationpasg f uel

the tuel o tater, gt mie"S: ARuRHP RRaRRE RobE S bl o PR’ © ©f
escri pt i onsraaeéa dricle®WhEH Kave Hoke Httkied ok CTHI R SR 3atRlc! flter ek dge @

15C. 8299en5| fy, g/litre @20C0. 8262i scosity, cSt 0C. 681 1d oud poi nt,
C7our poidnt ,diesel sartigle, filten frepsatcan iy mgsutacturedacostuifeatively. farpemapeamoseol . @

SS&???Z%&%@%?% S L N S S TR O SCE T
cet ane i ndexghoR-afehtiGidntaddifiodal -meSHes Ninay Yoy / &m ?lewpeﬁl heliith Ofase their
conbustion, Cal/gll |94et heat of corrbustl on 10433 = Initial

Boi | i ng Poi réffectiyenessand/or qost sffactvensss paytippl yoshqméxm rls burpedtnraiseq) =

Fl uor escent ]

02/ 18398 29 %@*%ﬁ@%%ﬁ?&g ﬁ%@?@%ﬁ%ﬁ%ﬁi a\ﬁ?]%@f? r
][unlni Bg lohe teﬂmit pesét ihvesionConidiwer traat mwsl(]ge olewlrofmddﬁioad zibgthG\M) of theer ent
uel -borne catal ysts, tests were run using ferrocene an 5

di ferrocenylcﬁmﬁaﬂé( )a%foPGBFlaéBdFQXl?Fe“seéoth were used at the appropriate
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 particul ate
filter). RESUhéI'S’oe]Eaﬂl!ddeﬂ&t Ithe Bnginate mixidg tofothe( sarbamibasedr particalates |anddthen N
and pre- DPF pr ures (qr;f ng far |ve ev t est cond éll ons. ferrocen

addi ti ve: %%P@é‘? BFFSP “%'I°H*PIR}E%£FF¥° © SOEMYsitign Becqrdi

nmBar Mean2a 4 pﬂ‘éé&
S40751811012é%%| 14074 :>1071556?102| 3426107381841550/ 10723424112532181550
1 20523420106512071550/ 201019136108381852710/ 304206107162181992710/ 309234111

ot mum pr o DPF koot J5Pha pRSon o e ghiface giBe pborbaves berapHlets bele, o 1

mBar. * * * Mean = t hgogRawild &lidR dﬁnﬂfﬁ&ilﬁl%dﬁ&s BBede: 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 (c). 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, e.g. an internal
combustion engine present in a vehicle. Alternatively, the metered addition to the fuel
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|l oad in Nm) and pre-DPF pressures (nBar) for five key conditions.

2. 2-di f er g enrggo®pane additive: ConditionPosition in testh®pidybodRggyaMean +
2212601 531274881151121260/ 581514888241361550/ 10220212101391761550/ 107214281
16422011550/ 2051752485361571550/ 201 01314486171212710/ 30418313115981742710/ 3
09179131153101723000/ 3011871231551117630¢9/ 306 ~214 ~_ 135 ~180~208 5 From
Tables 8 and 9, conparing the two additives, within each set clearly the
nore reproduci ble pair of results is the mean back pressure. Table 10
Commar i n~~ thgy, 1TeABxdAeIK, ke phéeas. orl ﬂoﬁ?ﬁéﬂer(ﬁ@%&?i@%ﬁﬁg@dd@‘fh@fd&@&k for
the two additives. ConditionFerrocene additive2,2-Diferrocen 1 ro ane

addi t i vel260upplyirg the gpmhustion)systems §)es the(fal) tagls of a yehizle(wlpmthe combystipn

{39) 116 (42)15501.2010 1 . 5 .(17) 2010/ 30162 (18) 170 (24) 1S9
 (8)153 (10)3¥ mga%ﬁ%%%%%ﬁé@%&%@%@gféf}lﬁ?v%%‘%fene above Table 10,
conparing ferrocene and 2, 2-bi sferrocenyl propane, it can be seen that
2,2-bisferrocenyl propane is at | east as_effective as, and possibly superior

to, ferrdcerdelsthetyaay beyusedrintighcospressian spepiapeousiignitipn epgipes g typi
i d i ol cati.qn. i mhuShi . 7: Th
ox st ence o UlngTRpRCRbs Hr subt Bhilfits, AR ORkoEMALE BRruckals BRBRRI" [+ TN

changes in the substitution on the aromatic ring and/or on the bridging
group was exam ned by preparation of a series of bridged ferrocenes i.e.
conpounds ada8d@gditiey t@ sighsomnressipngponigneqys ignitanengingsy tsferredhto hpyginahove, of

Thase- pr oducr oRBpsifEhe ol FRAL S nhrestE VARGA Tk Be 1B 3 Qi e,

PCT/ GBA 1003 &9mbustidiD sgsiems visepsin tpaviidujate \éatissidrisosire ofeghdded eascd priovblera) fort 0

arrive at optinum synt heses of partjcul ar, deriyvatives, in_ particuylar_ to
maxi m se t hes*gopley spark dgnition engines isiggasline oandigspesialty saspline firest ijection, ch
as al kenyl atgd;f.errocenes and mninise the effort required to separate the

desired sol ubPe products, is deened to be within the scope of 5 those
skilled in the art. Preparation of bridged ferrocenes: 10 Sul phuric acid

98 wt % H2S 196 g, . 0. nol was added carefully to met hanol 14. 4 ¢,
6.7 ol ) 1 e the, SomPistioR SRR oR (gL CATRBHSHPR <BERE O Yool 8o &1
bel ow 40G bycorfikitiof dcbsdi Etjhe geéseat iﬁ%tﬁhqgghl?tﬂieﬁ% 86 Rell 15Rfn 'é.astugy[)l The

solution was transferred to a .cketed', well -baffled one litre rea r
equi pped wi tdontainepviechtedcort uhdivebickeyiit ds oparticuddrlyuadvantageone rfor dhe supply

funnel, thernopeter and bottom out!et. . The reactor.was then further
char ged wi ¢ (FOBBRIEHR A PRt B Rtebisiaee3is ¥ oot A eight SorisR o oielifene
(130 g). ThahitaRs k@iply edtitaAnESfoy e oki}REitIoR AbRAdIS t& tHedfredeit inRentidn’ GHlbat | on
of hot oil through the jacket, and were rapidly stirred to create an

emul si on of kepbasremplh@sipossiblnathe camposition geeasdiagdp the presemfanyentisnrshpuld

and adddd arErRY pE FitlelER il ianbeliiph Hukfeshi 10 1o SORRNERAN AL
uni f or m r at efornttilia (NeaSksundbQ Wiht the Wonpositien abedrding\Wotthe Présendinentiont ison,
at 802C for 6 hours before being allowed to cool to anbient tenperature

over ni ght . ZBeoped atq dher Bisbntheciopsendrafipn of thatcoppornd(s) Af fomula (Bsitr Boved
by filtrati opm il %hould 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.



toluene (130 g) was then added to the liquid phases, and after a further 15
m nutes stirring, water (10 cnB) was added, where required to aid phase

separ at i ofyéhgddgl t at i on st opped. The net hanol / sul phuri c g¢cias®rvas
t hen separated and the organi c phase washed with aqueous base (2 x 200 cnB

10% NaHCO3 or NaOH) then 30 water (2 x 200 cnB), dried over anhydrous

sodi um sul phate and separated by filtrati®n to renove the dryi ng agent.
Crude product m xture, contam nated by varying anmounts WO 02/ 18398 32
PCT/ GBOL1/ 03897 of unreacted ferrocene was recovered by renoval of the

tol uene at WNue onbyt shionld deEpasnaiound(s) sxb‘lfamhldm (I)fhalve iadlgighl degreearfesohility oBol i d
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j udgement W% ectedyfs @Rt jSrCesEveaflh SaPpRTaEsS, e stehility) akiw to
be appropri Groie Bgdh@
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purificatio ‘ﬁf‘i’F‘PFGB aé%"'t’ie(ﬁ\ t]’ﬁ%f?n ;Y)ﬁ &?@Yé)%ﬂ% sﬂAgnts 8
Final and nggge &gaghg@ atifE B HonQonldt 6P 10TV Ghd SigbiR] dove 10l 35T,

phases was I e mation at < O. 80C. 30 Preparation of
bri dged, al Ia;td@aﬁmllyesta’odn:dmmio maﬁdb@m 3&11‘%?,/1@8&3 beagound\thay 22+ ed

ferrocenes vi ded reaction, products w s conpoynds that were
vi scous oi l %FI?BY‘@?{PPQD&@B’%Q é’g%wg/b.o‘b‘ﬁ %Eq L{e on warmng. . -
Accordingly.— @qgl si ons conpri sing rret hanol i ¢ sul phuric acid and sol utions

of al kylated ferrocenes in toluene were treated with 0.5 equival ents of
carbonyl 5 corrpound at 80C, as above. The organi c phases were separ at ed,

washed with and dried.. Tol e nre Kk

ferrocenes cﬁ‘ng%@reaargyr LY f'era?)iyfzﬁ %agﬁﬁ g@g ‘aﬁﬁgﬂi @é@“@@é’f
further isolfeinndd Mps.gl GRUentfal HisfeRbEENYRIKABS, Qi/alBrdiﬁbéwedPrSlﬁﬁbIel &ganid O
Iron contents of the sanples were estimated on the basis of C/ H N anal ysis

(Leco CHNS 99blyntsm¢1§d%1bwhlﬁegrom@p selventssia| which the seapeund(®raf formula @)
bst | |
?gait ?gn gr ocﬁﬁge lﬁ'é' ﬁ‘g#(gc%rgcene éon%@gmgds%%lhbgé smﬁ&g&gi’ﬁ&f 29

det erm ned lnon@rdnviicoor law&mamolwﬁfmh&b@ﬁ&d Go/thépase 0f nografontEitioddr dow
MDN-SS Tused St tvans |t wsolute Sty oF the Sorpound(s) of formula (T) 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




mmi.d. 0.25. filmthickness) initial tenperature 40C, held for 2.1 m nutes
before ranmping to 200C at 10C. mri 1 before holding for 20 m nutes,
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and n =1 in the table above refer, respectively, to conpounds of fornula I
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30 hydrocarbon (i.e. an alkane) which may be branched or straight chained.
o 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,
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Conmp- QundCar bonyl SourceMetal | oceneVi scosity at-30C

(nPas) | Acet oneFerrocene5. 41 aAcet oneFerroceneb. 242-et h | hexanal Ferroceneb. 1
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WO 021 18398 41 PCT/ GB01/ 03897 present or have been formed. It is not clear
whet her the nethyl ene protons are not present or are (nore likely)

acci dent ajyg/od@emner ate with the cycl opent adi enyl ones. Caognagud/odg7shows
that the reaction conditions may be enployed with al kyl 5 substituted
ferrocene. The formation of a viscous oil as product indicates that there
is either or both of a |ow selectivity foy the reaction of the carbonyl
conmpound between ai kyl ated or non-al kyl ated cycl opent adi enyl groups or for
orientation relative to the al kyl group. 10 Conpounds |7 through 20 show
that the reaction conditions are not sensitive to the |ocation of the

car bonyl grouE within a hydrocarbon. 1,1'-, 2,2'-,3,3 - and 4,4’

di ferrocenyl E8re thus denonsdrated. Conpound 21 shows that it is
possi ble for the bridging group to contain substituents 15 contai ning
heteroatons, in this case oxygen. The solubility in heptane of this

parti cul ar m@g&ﬁ&&x@mﬂe t he ot her conpounds, very simlar to that of
ferrocene. Further, the product is a solid nelting at above 80C aﬂg so
di fficul § t Akl athe splubility ofiferrogere injthe\highly ematic selvent RIAETQsad[ | AREi on

techni que. Accoy di ngl ] | [ l.L. m t eo chni que
whi ch showed” ?%“%‘gg)l ]%lde]dg r@bgﬂegﬂt ?tg}e%aéﬁg{l\r‘i}%ﬁlfd} @o“ﬁ"raﬁgf@gggﬁé%&r %tduct ,
even under thgo°etvaaydfannd sk 0.2204 bpwveiphtidi tions. Al publications nentioned
in the above specification are herein incorporated by reference. Various
nodi fications and variations of the described nethods and system of the

i nvention W]«E}m"ﬁe gpparent to those skilled in the art w thout departing
fromthe 25 Sctopeand spirit of the invention. Al though the invention has
been desler i bt 2, Bbisceiiveeiylpropund, indgrahé torditioraidisclasdd émBodipamtivs Examplehoul d
be understood that the_invention as clainhed should nqQt he ynduly limted to
such speci fib selvgens Wilhian iromentent of 3 %Jngy W&B%F WEER ?QH’?E tB;LetSFP@Y‘?M&tg}"?tbed
nodes for Caﬁn&&&\?e@#t the invention which are obvious to those skilled in
chem stry or ated fields are intended to be 30 within the scope of the
foll owi ng cl ai ns. WO 02/18398 42 CLAIMS 1. A conposition, which

conprises: i) on r nmore conpound of formula {I): 5 X-Y (1) where: X
represents ti@i%gp of formula (I1): A Fe - Z B Y represents

the group of A T8l %f(ﬂ,i-bisfﬁfﬂﬂWﬁgﬁLUIOEéwm %ith an f6n Codtbat:of3 B N
each A and B is I ndependently an unsSubstituted or substituted aromatic
carbon 10 ri2if %eby aveight stas foundutpdiven visabsityi ofiR.@ thPas eta tempenaturerafeyk3°Cc

[y L O A0 Zubs L YSRENAGII LY ARCUIRUBSH kit Eheper e bbb

-

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 shows, 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.




nis O or as integer of from1l to 10; with the proviso that the conpound of
formula (1) does not have the formula (I1V): 15 R5 Fe .~ Fe R7 R~ R8 where
RS or Rb @igloddss®@r Rg are ethyl; and ii) a diluent or carrpcay¢cB@andss WO
02/ 18398 43 PCTI GBA / 03897 wherein said one or nore conpound of formula (n
is present in an anount sufficient ' to provide at least 1 w. % of iron,
based on the wei ght of the conposition. 23 A conposition as clainmed in
claim1l1, wherein Z, when nis 0, or one or-nore of 5 the Z groups, when n
is from1l to 10, is an unsubstituted or substituted dival ent hydrocarbon
group. 3. A conposition as claimed in claim2, wherein Z, when nis 0, or
one or nore of the Z groups, when nis from1l to 10, is an unsubstituted or
substituted dival ent 10 al kyl ene groumahleyi ng at | east one carbon atomin
the al kyl ene linkage. 4. A coreo&itire ON as {VagobeRdestufe Cl 2l m B, wherein Z,

. when nis O, or one or nore |dCithe Z groups[mbalen n is from1 to 10, is an

unsubstituted or substituted20i val ent al kyléne group having|/from1 to 10
carbon atons in the al kyl ene 40 nkage, 15 5[2A conposition as clainmed in
claim3 or claim4, wherein |29 when n is Ol3or one or more of the Z groups,
when nis from1l to 10, is arflunsubstitutefddor substituted dival ent

al kyl ene group having at leas®® twn carbon h8ons in the allrylene |inkage.

20 6. A conposition as clai inclaim4 [¥herein Z when h is 0, or one
or nore of the Z groups, V\hﬁ&—l—&—f—l—gm—l—o 2010 is an unsubstituted or

substituted dival ent al kyl ene group having one carbon atomin the alkylene
I i nkage. 7. é@ﬂ%@m tion as clainmed in any preceding claim wherein Z
when n is 0, or 25 one or nore of the Z groups, when nis from1l to 10, is
subst i t ut ed Friel Stabilityp ASTMPD22T8St i t uent s sel ected from al kyl groups,

substituted al kyl groups and groups havisblg3the fornmula (~. WO 02/ 18398 44
-- Fe ----- P-- Fe (~ B mwuwherein: PCTIGBO./03897 each A and B js

ituted or subs DF fleatf” ar oPﬁ‘ta)i%z"?,iﬁ'?’EPﬁWY§P7°ﬁﬁ‘°ésr an

or sulgsfﬁ’gtut ed 5 hydrocar byj

hedl, PG WA ORI

i ndependent|{l y an unsubst
unsubsti t ut

lad—or—subst4-H
present, is q°}?B‘éT‘b‘bndentl
group qu m FS U UI fA :’ A LU, T I\ \JU"PU\J. LI UII (AJ
claimedi'n , bistaoray
the Z groups, when nis from1l to 10, {S: I&Op%ﬁ )
i ndependent e AW BB erBle UNTSUDStTt Ut §gOr Substygut ed al Kyt
unsubsti t ut RherstRylobMi€d aryl or unsubstituted or substituted arallkyl;
and

e of .
7 ils

() Fuel 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



X is an integer of at least 1. 15 9. A conposition as clainmed in claimS8,
wherein RL and R2 are each independently hydrogen, or unsubstituted or
substi t ut egb (£ds3éH) al kyl , unsubstituted or substituted (Coh@EmEBIIAE897
unsubstituted or substltut ed ar(d-C6)al kyl. 20 10. A conposition as
claimed in claim8 or claim9, wherein x is an integer of from1l to 10.

WD 02/ 18398 45 PCT/ GBA /03897 11. A conpggition as clained in any of clains
8 to 10, wherein x is an integer of at ' least 2. 12. A conposition as
claimed in any of clains 8 to 10, wherein x is 1. 5 13. A conposition as
clainmed in apast MetBbditis 8 to 12, wherein R and R2 are nethyl. 14. A
~conposition as clained in any preceding claim wherein one or nore of A 10
and/ or one or nmore of B is substituted with one or nore substituents
selected fro K d_ al ryl e I oups
.15 A corrposﬂ?%'%i1 %’an%qlé%ﬁgsé tlﬁlgh agpdf%%:rg)&an'é cf t?}@d7 %\ggg‘%’eé%he%m%é%\

i ndependent | pitragenublanibe tat t-pt@do SPCSWaS tﬁﬂttewdemmafgﬁrmNoc 40@66dhNcrucible ﬁrteran
unsubstituted 15 or substituted aromati c heterocycl ic ring cont a| ning, in

the het edocyntaining nigvo reves Angek AbiR oglawnmiibee (fHter eprpero ARG, thy egleurs,
16. A conmposy m.me% a& o%q?ut e@&gp‘igé‘gedidag 5 %lau'ﬂ 1916 Bl G und B

i s I ndependent an uns stltu ed "ar matlc ca on ring, or
an unsubsti tdhhgédze sefupltwsly tleired Borosikidate ghes ecreaycpi @ap icograing GG ahimi Ny

from3 tol O atons_.in the ring. 17. onpositign as claiped |n . clajml6,
wher ei n eaclvent 8Ak) hortLCSi(ﬁa@m%é‘Z%}w \ﬁﬁﬁ}?"ﬁrﬁé‘?ﬂgsﬁql‘ftlﬂnéd”‘?f? th%gciqeédpzfiar?
aromatic car g i _ ute

het erocyclic ri ng,& %prﬁg?@%%gﬁﬁél%%g@m&@ Eei rlﬁeg@ét@ﬂi&i?&re then
conposi tligon pemdtiniptaedd iman:é;qﬂmdnzpmwhemi set 4t 89°CE: 28Ck oSaraplesiwede dged for

particular Fe atomis an unsubstituted or substituted 3-nenbered aronatic
carbon ring béayset this tasneratuiechefore rerapwnl and cealing- indheabssacepiorang dight to

s an unsubeP R R BRI b Rl o bete BT3B BBt " i g or an

unsubstituted or substltut ed 7-nmenbered aromatic heterocyclic ring. WO
02/ 18398 46 PCT/ GB 03897 19. A conpo ion as,clainmed in claim 17,
wherei n, eachhesenting fugl sgmples wege &IFFWg tfé'ﬁ'%%f Frcwmp shrongh Pt ARSi ¢

carbon rjisng, 5cn.‘i’i\loa’l1 What tﬂlfei‘gﬁ‘&g@%fe%& td biib&hsMoRTRal g@ﬁ}@gx@?ﬁ&wlﬁ al | Ng,

cont ai ni ng atons inthe rin conposi tion~as n claim 19,
wher ei n eactMillipord filteir dhokder assemblyt ChtlINed XX20h647 20 dilefiiteripapers overathen

unsubstituted a i c, heterocyclic ri nt ai ni 5 ring.
21 "A conpo TR PRy R Yo Bpskd) wil e Goloh ot Mierre BeF vesand 5
i s 10 i ndepefeemided B AT li?ltﬂob UiRd b@[osﬁi'é?c’ét F&Ieegotﬁéé)%}d ﬁleﬁ MR withng-

22. A conposition as ‘claimed in claim2l, wherein each I's an
unsubst i t ut edveraloatigmts afdsdoctan, agl ﬂEBN@BmgAﬁweﬂdbnougb lhmsn;bmrmmgmai any

preceding clgim pa\f)\Qrer ﬁngll}e‘, %R, papers q:ﬁemselves 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 poésibility 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



same. 24. A conposition as clainmed in any of clains 1 to 13, wherein A and
B are both cycl opentadienyl . 20 25. A conposition as clainmed in claiml1,
wher ei n t gy gogpseund of formula (n has the formula (VIII: ger€Bo103se7 Fe 25
26. A conposition as clained in any preceding claim wherein the conpound
of formula (1) is present in an anmount sufficient to provide at |least 2 wt.
% of iron, based on the weight of the comgosition. WO 02/ 18398 47
PCT/ GBOL/ 03897 27. A conposition as clained in claim 26, wherein the
conmpound of forrmula (I] is ' present in an anount sufficient to provide at
least 3 wt. % of iron, based on the wei milledof the conposition. 5 28. A
~ conposi ti on| as Redeatoinetet readingny [0f Ciswal Fusl Stabiliey Bafing Wner el nQuiakig of@adfiipund of
formula (n |_s_pr ¢s®&efleciion) an_anoun®hsegrdphic stexdérd h®) pr ovi de, at -40 C, at
| east 1 wt.| % of i 1884100 based gn the wei ghi of the conposi t iEscellen29. A
_ conposition|las claif® in any |precedi ng £%ai m which|is subst@®@adially free
of 10 conpolnds of Fctmula (M|l 1]: A Fe-B (V1) wherein AMaginaB are as
defined in flaim1.3%%. A netHod of reg rating a particl Ropy t er trap
| ocat ed in the—exhatdst systemlet—1-Sa Esfoustion systemFef PPl whieh
conprises contacting carbon-based particul ates, present in the particle.
filter trap, TesttMethedi2asti on products of a conposition as defined in any
precedi ng claj 0 ' ' | a el
conposition ?%%%%%?%rg\ tgﬁ{ﬂag %&ﬁ?oérzlljt@%" ﬁéri "5%3@8&% ez&vﬂ\%at\‘\ﬁ?tlﬁg% tﬁis]t |b8tn
system f gx i thefeowéretslight differentescih the ailysie mofiusstinmsthed thehdhérest marrinhe
conbustion system 32. Use of a cqnposition as clained in any of clains |

Ito 29 L or deWpezleasgd dfram theywills of itamsaneptp dotla by vishiag puith tasobvent (1:dil ¢ r ap
composi t1 on BEHENIASEENGTRAM Cte Felbiatd Wk | Ro0ks, WWhiceted bn iofpllat

decr ﬁasi nﬁ tﬁherrmenend]'grimd sbﬁ(gmel)at lAldditimhalﬂiy,]Emlv\teigﬂt e>fffﬁl’|tdrdrle tand mdherent ed
in the exhaust system of .a ¢ ustion, syst r .t uel . 30, 34.

composi i on, &9, Was BEoah Wb o e Bitdotites Bpeis Prfbrand pfter o
02718398 (48 ﬁ‘fuﬁg&@ REGN& Frofn ﬂﬁ?ﬁ?ﬁﬁ&h&d sﬂagi&rnqarraefe(d 1?@159&.' a (I1]: A Fe

- zZ ~. ITT: Fe

_ represents the group of  formula (Ill: Fe ------ Z -----
Fe (1117; B B n PCT/GB01/03897 5 each Alzbied B i s i ndependently an
unsubsti t ut sults (Brom d'est Mathed 2, unlessetheryisestay ring qr an.unsuhstituted or

substituted| aromatic heterocycl|i BeePispl | hefempeensac 23 bisfereceryl panatesiey| an

unsubstitutled or substituted dijval ent hydrogarbyl drod®fP¥§ iq 0,9r.an
integer of from1l to 10; and 1Q ii) a di] ?J'tb‘¥ cqr 'ér?:fyea g w&‘t&e% sai d
one or nore| conpound of formuld (n'is prlesamPSig®ay érerun on) | (¢ RPEIOp
Test Method 2 | Test Method 2 | Test Method 1
Colour Start <03 <0.5 <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 r&fﬂectance (%) 98 98 98
eight (mg)_ 0 0 0

M QOctanoate = commercial iron complex, Iron tris(2-ethylhexanoate).
15  * =value for combined filtrable and adherent residues.

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.



to provide at least 1 wt. %of iron, based on the weight of the
conposition. 35. A nethod of regenerating a particle filter trap located in
t he exhausyoeyssswsn of 15 a conbustion system for fuel, whipBr/eaiD63ssES
contacting carbon-based particulates, ' - present in the particle filter
trap, with conbustion products of a conposition as defined in claim34. 36.
Use of a conposition as clainmed in claineg4 for decreasing the regeneration
20 tenperature of a particle filter trap located in the exhaust system of a
conmbusti on system WO 02/ 18398 49 PCT/ GBA /03897 37. Use of a conposition
as cl ai med iExdidplas an additive to fuel for decreasing the regeneration

. tenperature of a particle filter trap located in the exhaust system of a
conmbustion systemfor the fuel. 5 3 8. A nethod of regeaerating a particle
filter trap TR METHODNe exhaust system of a conbustion systemfor fuel,

. whi ch conprises contacting carbon-based particul ates, present in the
particle filter trap, with conbustion products of one or nore conpound as
defined in aAysuithble|eagire testt progdiurd ¢ 3Bow Ureforhanmesscogening for cangidate dfuels

defined i Of clai 1t | d | h ti
oo at o o SV gof difercat 0P [aipsal R GLERONI (L Ru BRRLELE ) vcheloy
combusti on sysd @EveldimertStdOforANSS s M A€ PMBO UGBy 35t A8 byl Teiryalyd ®f

claims 1 to 25 as an 15 additive to fuel for decreasing the regeneration
t enper at ur e Richardp i {A Miethéd for éyssessing thekew demparature RegeranationsResformende a

il tor trap Sovapa g Filr amd FocOaln Rl S AN Baf 1 or 1 fet
whi ch conprises contacting carbon-based particul ates, 20 present in the

particle filTrd tdst aRRthod tised GA rthid SKxaRipld Wae igtset 8t NtheOiboVEnfentichRPBAE as
defined claim34. 42. Use of one or nore conpound as defined claim34 for

decreasi ¥y t HO0-QlgE9P2-and was asdoltesvsit ure of a particle filter trap |ocated
in the exhaust system of a 25 conbustion system. 43. Use of one or nore

compound as ' ' ei) ' j 1] é}fgﬁge ' t he
regenerati onﬂtes%#rpgﬁfg‘é%%rs‘c @?@aﬁgog%r@ﬁbyteh%ﬁﬂﬁﬂer e%?ﬁo oc%‘%l{e méi{eﬁagﬁgx aust
system of a gsedlassitioahbelyatie Tablen, tHedivieuest poidts are Warkbd it 28. 50

PCT/ GB01/ 03897 44. Use of gem nal bisferrocenylallcanes as an additive for.
liquid fuels for operation of high conpressi on spontaneous ignition engi'nes
W th downstream particle filter E@V?tﬁé MK 5 The use as claimed in claim
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however, the soot spontaneously oxidised during normal steady state operation then no
20 further action was required. 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;

o start the engine, allowing a minute for the engine fluids to begin to warm up.
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Cloud point, °C 7
our point, °C -24
Sulphur content, mg/kg 35
Distillation:
IBPY @°C 168.0
10% vol. @ °C 209.0
50% vol. @ °C 269.5
90% vol. @ °C 327.5
FBP® @ °C 352.5
JFIA(") analysis:
% vol. Saturates 78.6
% vol. Olefins 0.6
% vol., Aromatics 20.8
Cetane number 52.8
Calculated cetane index 54.9
lash point, °C 64.0
ICNI® content, % v/v 0.000
Gross heat of combustion, Cal/g 11194
iNet heat of combustion, Cal/g 10433

(1) = Initial Boiling Point
(2) =Final Boiling Point
5 (3) = Cetane Number Improver

(4) = Fluorescent Indicator Adsorption (IP 156/92 and ASTM D 1319-88)
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Engine condition (speed in rev/min, load jn 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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5 From Tables 8 and 9, comparing the two additives, within each set clearly the more

reproducible pair of results is the mean back pressure.

Table 10

Comparing the mean back pressures, in mBar, (and standard deviations) for the two additives. .

Condition Ferrocene additive 2,2-Diferrocenylpropane additive
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)

10  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 Example7:

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
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Preparation of bridged ferrocenes:

10  Sulphuric acid (98 wt% H,SO4, 196 g, 2.0 mol) was added carefully to methanol
(214.4 g, 6.7 mol) in a conical flask. The 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 agltator reflux condenser, droppmg funnel, thermometer and bottom outlet.

15 The reactor was then further charged with powdered ferrocene (130.2 g, 0.7 mol)
washed in with toluene (130 g).

The reactor contents were then warmed to 804+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°+2°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 em® 10% NaHCO3 or NaOH) then

30 water (2 x 200 cm®), dried over anhydrous sodium sulphate and separated by filtration
to remove the drying agent. Crude product mixture, contaminated by varying amounts
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Solid materials were ground in a pestle and mortar in the presence of heptane and
filtered to recover solids. The process was repeated until thin layer chromatography
(Merck Aluminium oxide 150 Fas4 (Type T) stationary phase, 3 to 4 parts EtOH to 1
H,0 as mobile phase) indicated the solids to be substantially free of ferrocene. The

10  material was then dissolved in a minimal quantity of hot heptane, hot-filtered, then
recovered by recrystallisation on cooling.

Crude products were on occasion oils free or substantially free of solids. The products
were found to phase-separate from heptane on refrigeration and so were separated

15 from ferrocene, which tended to remain in solution. Again, progress was monitored by
tlc.

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:
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alkylated ferrocenes in toluene were treated with 0.5 equivalents of carbonyl

5 compound at 80°C, as above. The organic phases were separated, washed with base

and dried. Toluene solvent and unreacted alkylated ferrocenes were removed by

distillation to leave the products as oils. No further isolation was required.

Determination of Product Properties:
10
Iron contents of the samples were estimated on the basis of C/H/N analysis (Leco
CHNS 932). 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. 0.25¢ 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/H/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 product(s)
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10% & () - 6 Isovaleraldehyde 6820 | 642 | 2537 69 1s 669 | 24.13

7 Pentanal 68.20 6.42 25.37 69.13 6.69 24.13

8 Benzaldehyde 7046 | 527 | 2427 | 7196 | 523 | 2.8

9 Phenylacetaldehyde 7091 | 554 | 2355 | 7246 | 556 | 21.98

10 p-Tolualdehyde 7091 5.54 23.55 72.46 5.56 21.98

11 Cyclohexanone 69.05 6.25 24.70 70.21 6.47 23.32

12 1,3-Cyclohexanedione 67.35 5.42 27.23 67.71 542 26.88

13 2,4-Pentanedione 66.86 5.50 27.64 67.16 5.51 27.33

14 2.3-Butanedione 6653 | 534 | 2813 | 6680 | 533 | 27.88

15 Acetonyl acetone 67.18 5.65 2717 67.52 5.68 26.80

16 Acetone' 6925 | 690 | 2385 | 6982 | 699 | 23.19

17 Propionaldehyde’ 6925 | 690 | 2385 | 6982 | 699 | 23.19

18 Acetone? 6925 | 690 | 2385 | 6982 | 699 | 2319

19 Pentan-3-one> 70.17 733 22.50 70.96 752 21.52

20 Heptan-4-onez 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 III is 0 or 1. Entry 1a 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
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Notes:
5 Compounds 1 — 15 were prepared using ferrocene.
! compounds were made using dimethylferrocene such that A and B in formulae II and
I1I are both methylcyclopentadieny! groups.
2 compounds were made using ethylferrocene such that one of A or B in formula IT 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
(%m/ | (%my/ (%m/m) (%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 n.d. 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 <1.0 18.65
5 Isobutyraldehyde 71.19 6.97 21.84 <1.0 21.84
6 Isovaleraldehyde 70.33 6.63 23.04 1.5 22.59
7 Pentanal 68.79 6.94 2427 2.0 23.67
8 Benzaldehyde 70.22 541 24.37 15 23.92
9 Phenylacetaldehyde 74.63 5.82 19.55 35 18.50
10 p-Tolualdehyde 71.63 5.52 22.85 33 20.36
11 Cyclohexanone 70.85 6.57 22.58 1.0 22.28
12 1,3-Cyclohexanedione | 64.51 5.75 29.74 <1.0 29.74
13 2,4-Pentanedione 67.03 5.88 27.09 <10 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 <1.0 25.00
17 Proplonaldehyde 69.39 7.04 23.57 <1.0 23.57
18 Acetone? 70.84 7.30 21.86 <1.0 21.86
19 Pentan-3-one? 70.50 | 7.45 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.
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Table 13: Outcomes of Solubility Determination for the Isolated Compositions

Comp- | Carbonyl Solubility at—30°C Solubility of Fe as product
ound
No. Compound 2.5 wt% | 5.0 wt% Fe
Fe
1 Acetone Clear Solids < 3.2 wt% by dilution
la Acetone (9% oligomer) | Clear Solids
2 Methylal Solids Solids
3 Butyraldehyde Trace Solids ~2.4 wt% by mass balance
4 2-Ethylhexanal Clear Clear
5 Isobutyraldehyde Clear Clear
6 Isovaleraldehyde 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%o
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

For explanatory notes, see beneath Table 11.

& 109R#& () -1

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
solubility limit in toluene of this preferred material to be slightly less than 3.2 wt% at

-30°C.
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Table 15 GC/MS Data, where obtained

Comp- | Carbonyl source Component/ (level) Comments
ound
No.
4 2-ethylhexanal 2-cthylhexenyl ferrocene | Many isomers, parent ion 296,
(major) loss of various alkene fragments
Bis 2-ethylhexenyl | Isomers, 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 tris- | 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 C;Hy
_(good purity)
8 Benzaldehyde Diferrocenyl phenyl | Desired product in good purity
methane
Parent 460, first loses CsHg
9 Phenylacetaldehyde | 1-ferrocenyl-2-pheny! Parent 288, loses CsH;
ethene
(significant)
Di~(2-phenylethenyl) Parent 390, loses C;Hy
ferrocenes (significant)
1,1-diferrocenyl  phenyl | Parent 474, loses C;H;
methane (major)
11 Cyclohexanone Cyclopentene,
cylcohexene,
cyclohexane and
cyclohexanol
and mixed substituted
ferrocenes (traces)
1,1-diferrocenyl Parent 452, loses CsHy, CsHg
cyclohexane
(major) ends at methylferrocene
14 2,3-butanedione Ferrocene substituted by | Not clear if substituent is ketone
C/H;0 (apparent good | or enol.
purity)
21 Methoxy- 1,1°-diferrocenyl-2- Unreacted ferrocene predominant
acetaldehyde methoxy ethane (major
dimethylacetal isolated product)
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Table 16 Viscosity Data of Compositions in Toluene Solution at 2.5 wt% Fe
Comp- Carbonyl Source Metallocene Viscosity at —30°C (mPas)
Ound
1 Acetone Ferrocene 5.4
la Acetone Ferrocene 52
4 2-ethylhexanal Ferrocene 511064
7 Pentanal Ferrocene 5.4
8 Benzaldehyde Ferrocene 521055
9 Phenylacetaldehyde Ferrocene 4.3
10 p-Tolualdehyde Ferrocene 5.0
11 Cyclohexanone Ferrocene 4.8
13 2,4-Pentanedione Ferrocene 4.7
16 Acetone Methylferrocene 6.3
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

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
10 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 wt% 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
15  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

20 ferrocene itself.

Compounds 3 and 7 show that n-aldehydes may be used to prepare very pure samples
of 1,1-diferrocenyl n-alkanes. Compounds 4, 5 and 6 demonstrate that branched
aldehydes may also be used to prepare 1,1-diferrocenyl alkanes. The GC/MS data for
25 compouﬁds 4 (in particular) and 5 also show that where an aldehyde, and by inference



10% & ()-* 10% & ()-* 10% & ()-* 10%W& ()-* 10% & ()-* 56=?EHKnN.\ OB
10%g ()-x 10%W& ()-r 10W& ()-r 108& ()-r 1068 ()-* 5w

KNRSZ\ - ”MW%/M% ()-* 109%& ()-* 10W& ()-* 5W ! 10%&/&%01/03897
10% & ()-* cfimyvi-\0B 106 & ()-* 5W 10%& ()-* 10%& ( % & ()-*
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109 & ()-* 109 & ()-* nN.\OB 10% & ()-*4010% & ()-* 10% & ()-

10% & ()-* 10% & ()-* 5W mv\OB 1094 & ()-* 109 & ()-* 10% & ()-* 5W !
10% & ()-* 10% & ()-* 1-\OB 10% & ()-* BW 104 & ()-* 10% & ()-

10% & ()-* dQ¥ofe, Is Branche@But 188 8pok#tith & ¢ -the caB¥h@ {hen™a propensity to form

alkenyl-substituted ferrocene exists. Without wishing to be bound by theory it is
suspected that an intermediate hydroxyalkyl ferrocene forms which may react with a
further molecule of ferrocene to yield a diferrocenylalkyl or may dehydrate to yield the
5 alkene. Experimental conditions may be changed by routine experimentation to
minimise formation of such products. Compound 6 shows that B-branched carbonyls
are significantly less prone to undergo this side reaction. US-A-3,763,232 describes

the use of branched ketones.

10 Compound 8 shows that the bridging group may be substituted by an aryl group,
compound 9 that the substituent may be an aralkyl group and compound 10 an alkaryl
group. Again, compound 9 shows that an a-substituted carbonyl is prone to side
reaction under the standard conditions employed.

15 Compound 11 shows that the bridging group may be part of a cycloaliphatic group.

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 low 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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Compound 16 shows that the reaction conditions may be employed with alkyl-
5 substituted ferrocene. The formation of a viscous oil as product indicates that there is
either or both of a low selectivity for the reaction of the carbonyl compound between

alkylated or non-alkylated cyclopentadienyl groups or for orientation relative to the
alkyl group.

10 Compounds 17 through 20 show that the reaction conditions are not sensitive to the
location of the carbonyl group within a hydrocarbon. 1,1°-, 2,2’-3,3’- and 4,4’-
diferrocenylalkanes are thus demonstrated.

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.



y2hfj 1096 & ()- fj10% & ()- fj10% & ()- fj10% & ()- fj10% & ()- fj10% & ()-
mvk uUSEj 1096 & ()- fj109% & ()- fj10% & ()- fj10% & ()- SWy2hfj 10% & () -
I M uUST | 1600 &2/49398 f ] 1096 & () - SWy2hfj10% & () - f]10% & ()pciichofseo) -
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CLAIMS

1. A composition, which comprises:

i) one or more compound of formula (I):
5 XY (D

where:

X represents the group of formula (II):

Y represents the group of formula (III):

A

l'-ie Z Fe (I11);
B B

. —in

each A and B is independently an unsubstituted or substituted aromatic carbon
10 ring or an unsubstituted or substituted aromatic heterocyclic ring;
the or each Z is independently an unsubstituted or substituted divalent
hydrocarbyl group;
n is 0 or an integer of from 1 to 10;
with the proviso that the compound of formula (I) does not have the formula (IV):
15

R R R
5 Fe Fe !

Rf R o
6 8

where Rs or Rg and Ry or Ry are ethyl; and

ii) a diluent or carrier; and



qux{~_)uUsSW y2hfj10% & ()- fj10% & ()- fjl0W& ()- fj1l0W& ()- fjl0%W& ()-
dDUUSW y2hfj 109 & ()- fj 1098 & ()- fj10% & ()- fj10% & ()- fj10% & ()-

fj 10% & (wo wvigabdfj 10%8 & ()- fj10% & ()- fj10% & ()- T 108¢HGBRIT03RIN
y2hfj 10% & ()- i MuUsfj10% & ()- fj1l0% & ()- S5Wy2hfj1l0% & ()- fj1l0% & ()-
fjl10% & ()- _)usWy2hfj10% & ()- fj10% & ()- fj10% & ()- fj1l0% & ()-
fjl10% & ()- dDuUSWy2hfj10% & ()- fj10% 43 ()- fj10%W & ()- fjlO0% & ()-
fj10% & ()- fj10%8& ()- WiMuU5 f@O0% & ()- "10%& ()-ffj10% & ()- 5W
y2hfj 109 & ()- fj10% & ()- 5~bBulb f@O0% |10% & ()- |10% & ()-" 110% & ()-
| 1096 & () - 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.

2. A composition as claimed in claim 1, wherein Z, when n is 0, or one or more of
5 the Z groups, when n is from 1 to 10, is an unsubstituted or substituted divalent
hydrocarbon group.

3. A composition 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
10  alkylene group having at least one carbon atom in the alkylene linkage.

4, A composition as claimed in claim 3, 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 from 1 to 10 carbon atoms in the alkylene linkage. o
15 - -

5. A composition 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
divalent alkylene group having at least two carbon atoms in the alkylene linkage.

20 6. A composition 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.

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

25 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 and groups having the
formula (V).
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5 F L QWnN4510% & ()-10% & ()-10% & ()-10% & ()-10% & ()-5WuW\ b ¢ f o
U MMV 4510% & ()-10% & ()-109% & ()-5Wu"109% & ()-10% & ()-U z

| - 4510% &' oD Yy 0% & ()-10% & ()-10% & ()-10% & () - PCT/GB01/03897
24510% 10% & () - 109 & ()-109% & ()-10% & ()-10% & ()-10% & () -

nN. 45109 & ()-109% & ()-10% & ()-109% & ()-10% & () - 5\Wu

MVt 45109% & ()-109% & ()- 109 & () - 5Wu" 10948 () - 10% & () - | - 45109% & () - 5\Wu10%
"& ()-109% & ()-109% & ()-109% & ()-)/4: @ ?4510% 10% & ()-10% & ()-10% & ()-1
09 & ()-10% & ()-10% & () - FGHst uvt gF510% °° 10% 2#t & ()- 10" 10" 10"

T4 10% & () 11.09% A dompo¥itioh hs-Elaiidhin b8 Yo slalihg § tdo 60, baltdréid tx&s an idi€ger of at
 10% 2#t & ()-/g CnN10% 2#t & ()- 0, 10% 2#t& ()- & 10% 2#t & () -

& +4y] =F510963%@% 24t & ()-b6 10% 2#t & ()-b)?Ls "6 10% 2#t & () - b6

10% 2#t & ()-b6 10% 2#t & () - b4<?IKLNYOF5106 10% 2#t & ()-b) ?Ls L6

. 10% 2#t & ()-b6 10% 2#t & ()-b6 10% 2#t & ()-b6 10% 2#t & () - bNVA cxy| UIF5106
10% 2#t & () - 1. ?LsAGofpubifioh & (it ih@ey BEClain 8 ko1 O, Gdiessin &'i§ ) - b6

10% 2#t & () -b| YOF5106 10% 2#t & ()-b)?Ls 6 10% 2#t & ()-b6 10% 2#t & () - b6
10% 2#t &Y )-b6 10% 2#t & () - bYIF5106 10% 2#t & ()-b) ?Ls 6 10% 2#t & () - b6

10% 2#t & () -pH 1006 cifhisitiond é&‘%ﬁe%#lh@gn?r) o2 860 1 dieldin R, Md°RS afe
10% 2#t & ()-b6 109 2#t & ()-b6 10% 2#t & ()-b6 10% 2#t & () - b

methyl.

14. A composition as claimed in any preceding claim, wherein one or more of A
10  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 A composition as claimed in any preceding claim, wherein each A and B is
independently an unsubstituted or substituted aromatic carbon ring or an unsubstituted
15  or substituted aromatic heterocyclic ring containing, in the heterocyclic ring, one or °

more heteroatoms selected from O, N and S.

16. A composition as claimed in any preceding claim, wherein each A and B is
independently an unsubstituted or substituted aromatic carbon ring, or an unsubstituted
20  or substituted aromatic heterocyclic ring, containing from 3 to 10 atoms in the ring.

17. A composition 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.
25
18. A composition 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 or B associated with the same Fe atom is an unsubstituted or substituted 7-
30 membered aromatic carbon ring or an unsubstituted or substituted 7-membered

aromatic heterocyclic ring.
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25. A composition as claimed in claim 1, wherein the compound of formula (I) has
the formula (VII):
Fe & Fe VI
> =

25 26. A composition as claimed in any preceding claim, wherein the compound of
formula (I) is present in an amount sufficient to provide at least 2 wt. % of iron, based
on the weight of the composition.
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34. A composition, which comprises:

i) one or more compound of formula (I):
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41. 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,

20  present in the particle filter trap, with combustion products of one or more compound
as defined claim 34.

42, Use of one or more compound as defined claim 34 for decreasing the
regeneration temperature of a particle filter trap located in the exhaust system of a
25 combustion system.

43,  Use of one or more compound as defined in claim 34 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.

30



- h<\ 1- 6K". ehr| . ] 8gFS#k#=y6| My, Qzs!

"$Y&G) * 1, - 0233u55) 8: <<=?q@A\qCEFI JKMPQURTWK[ \ 5 | aa

I #39&' () Wo 02/163923456789: ; PCT/GB01/03897
<=>?@ABCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{| } ~

" #B9& ()*+,-./0123456789: ;

<=>7?@\BCDEFGH JKLMNOPQRSTUWNKYZ[\ ] "_" abcd®éf ghi j kIl mopqr st uvwxyz{|} ~6Ti nes
New RomanAri al Courier New'h Root EntryWrdDocunent]

" #$9R ()*+,-./0123456789: ; . o

<=>? @\BCDEFGH#.J KL VsOrgiRgTminak atgfeirocenylativhio e taisj & raddistyies fary Vigyid( fijels for

| " #SUR, ()*+@P%%%234é67§9: -: 'P{lan_ “‘%Pr?c?‘&seifgam?k‘i‘%%fs&?g‘t WVS?IP}D article

- <=>?@\BCDEF

P HSUE () * +, filtbOsheRARE 789! ;
. <=>?@A\BCDEFGHI JKLMNOPQRSTUVWKYZ[ \ ] ~_" abcdef ghi j kl mopqr st uvwxyz{| } ~

5

10

15

20

25

45, The use as claimed in claim 44, 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.

46. The use as claimed in claim 44 or claim 45, wherein the geminal

bisferrocenylalkane is dissolved in an organic solvent.

47. A method of purifying a compound as defined in any of claims 1 to 25, which
comprises extracting the compound with carbon dioxide.

48. A method of purifying a compound as defined in claim 34, which comprises
extracting the compound with carbon dioxide.

49. A composition substantially as hereinbefore described with reference to any

one of the Examples.

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

described with reference to any one of the Examples.

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

Examples.

52. A compound according to any of claims 1 to 25 whenever purified by a method

as claimed in claim 47.

53. A compound according to claim 34 whenever purified by a method as claimed

in claim 48.



