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o« (57) Abstract; The present invention relates to iron-organo compounds and the use of such compounds in the regeneration of partic-
ulate filter traps in combustion systems such as high-compression spontaneous ignition engines. The iron-organo compounds have
the formula X-Y where (X) represents the group of formula: (Y) represents the formula: each A and B is independently an unsubsti-
tuted or substituted aromatic carbon ring or an unsubtitnted 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.




(10) International Publication Nunber WO 02/ 18398 Al (81) Designated States
~(hational): AE, AG AL, AM AT, AU, AZ, BA BB, BG BR BY, BZ CA CH
CN, CO CR CU Cz, DE, DK .DM Dz EC EE ES FI, GB, G G CH av
HRHU | o 1S, JP- KE, KG KR KR KZ, LG L?&%ﬁf@%‘;ﬁt LU,
L™, M ) MK, MN, MW MX, MZ, NO, Nz, PH, PL, FT, ) , SD, SE,
SG SI, SK, SL, TI, TM TR TT, TZ, UA, UG US, UZ, VN, YU, ZA ZW (84)
Designated States (regional): AR PO pattent (GH, GV KE, LS, MWN M, SD,
SL, Sz, TZ, UG ZW, Eurasian patent (AM AZ, BY, KG Kz, MD, RU TJ, TM,
European patent (AT, BE, CH CY, DE, DK, ES, FI, FRL GB, GR I|E IT, LU,
MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF, CG C, CM GA G\, GQ GW
M., MR NE SN, TD, TQ. Declaration under Rule 4.17: as to the
applicant's entitlenent to clai m CGMPOBBRYION of the earlier application
(Rule 4.17(i1i)) for all designations Published: - wth international
search report For two-letter codes and other abbreviations, refer to the
"Qui d- ance Tiet@&seaintades remesNdbdomplositiomsnidr iseainpiha régenerationtdigatiielyi n- ni ng

of each regular issue of the PCT Gazetie, (54) .Title: | T
COVPRI SI NG DHSERIstsmsgoper E‘%“‘?‘?SE°IZSY-S§’!“-S_-£‘-’T @%ﬂﬁm@ﬁpe -----

Z --- Fe | 1fh-compression spontaneous ignition engines. N

The effect which iron-organic compounds, particularly ferrocene and derivatives
thereof, have in promoting combustion is basically known both with respect to open
10  flame combustion as well as combustion in engines. Furthermore, the prior art (e.g.
Fuels 1999, 2 International Colloquium, 20® — 21% January 1999 at Esslingen
Technical Academy) discloses that diesel particle filters can be regenerated by
additives in diesel fuel since the products of combustion to which the additive gives

rise reduce the ignition temperature of the soot particles which have been filtered out

15  inthe diesel particle filter, these laiter particles igniting and burning away.

Since iron-organic compounds, such as ferrocene, in solid form are not ideal for dosing

to the fuel, solutions of the compounds are usually used. It is desirable, particularly

when the combustion system is located on a vehicle, for the solutions containing the
20 iron-organic compounds to be highly concentrated solutions so that the solution supply
container can be as small as possible in size, or, rather, does not need to be frequently
toppeﬂ up. Furthermore, the solution should be stable at temperatures within a wide
ternperature range, especially within the range of —40°C to +90°C, and also should not
be too viscous at low temperatureé in order to ensure good pumpability allowing

25  accurate dosing.

Py

In aAhighly 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.




in B (Y) (57) Abstract: The present invention relates to iron-organo
conpounds and the use of such conpounds in the regeneration of partic- _____ .
ulate filter traps in conbustion systens such as hi gh-conpression
spontaneous ignition engines. The iron-organo conpound3d hgb@aprO06or nul a

X-Y wherg if %) aiheprf @6 Pidsent! iCerdiontd @évifi® aiirod orgafic eeppew@Atontaidiag f or mul a:
each A and B is independently an unsubsti- tuted_ or substi ta"atged aromatic

car bon r¢gpPasiion euiielle fer usa e apraddifivet for fhels, Bminaly; Hawid fedwesbrR ¢ ri ng:

the or e LS. 1 pde n t] 0 SN Fval ent
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COVPCSI Thék 8Birdre pratienrly Q0w Rabefdtitdd, G488 B/stdile apioss & mide emmperatwn el at es
~ to conpositions, for use I n the regeneration of particle_ 5 filter systens

connect @&k Periisulasty i sable pdewdemperspies: i Bn “ggkle apross 8 Wideempergiieci al | y
hi gh- co ' it i ani L ines.. : ich

' on- or GRRE T B RAE SAEEWRIL Bk, EL IR villl GLLERLOMBOE" | o
have in Jus80%s +CS anbpstorally nithbntie ¢alge of @MU PO 1900, padpdafy t o open:
10 flanme conbustion as well as conbustion in engines. Furthernore, the
pri‘or arat lgw temperdtures, sha s@9-orgni¢ qomporndtonamingCuimpagitionprefamaly m 21 st

January 1999 at. Essli.ngen Technical Acadeny) disgloses.¥h i esel

par t o] dBF TG RSP R wy, RGR Bl oph oAy PrRatle i e AR ce ¢ he
pr oduct gofipoGRdyes hbQitedifithb bEphdsbepgidé t | ve gives rise reduce the
ignition tﬁfgrrperature of ?ihe so%l% particles which have been filtered out 15
in the diesel particle filter, these latter particles igniting and burning
away. Si i ron-qQrgani.c_go unds.. such as ferrocene...i ol.J rmare
o el B e el Ky dEat, o eig o o BRacs SRREM B, Ao dee el LS LA Ty
used. | isdfsrdtesylaRMes, mﬂjr?‘bé n§ed ﬁrﬂrwduo%sﬁpbflﬁoﬁoﬁamﬁg hdigisiesdlemths | ocat ed

on a vehicle, for the solutions containing the 20 iron organic conpounds to
be hi ghlisprewgane ronpountl, sod dencesnef isw, ahd whidhears siitatile forusss\Rddigyee ai ner can

be as snpal ossible in size, or, rather, doe it .n requently
t oppéd g%%uﬁﬁi?'ﬁ‘éﬁcﬁﬁ ,OWF@OE&%WF@HSWQWP@WEP???{%X tﬁgﬁ'?(é %?Sg rLr es

Wi thin apuitalRoud RERRHZLENES, ARG a SRRAQE GRb! ¥ Mk ERhahst Bpstém Migedt! It 40C to
+90C, and al so should not 'be t0o Vviscous at |ow tenperatures in order to
ensur e Gavalspbeepabind thyt sach ownpesiti®s maychava tachighy somagntration of the iron-

organo compound, and hence of iron, even at Jow temperatures and may be stable

across a wide temperature range.

-

According to a first aspect of the present invention there is provided a method of regenerating
a particle filter trap located in the exhaust system of a combustion system for fuel, which

comprises contacting carbon-based particulates , present in the particle filter trap, with

combustion products of a composition wherein the composition comprises:

1) one or more compound of formula (I) '

XY @ |
where: )
X has the structure represented by formula (II):
A

|

| T" e m

B

Y has the structure represented by formula (IIT):




In a highly aromatic sol vent (PLUTGsol TM APF, supplied by Cctel Deutschland
GrbH) ferrocene itself has a solubiljty limt of 2.4 %by weight at -40C._ .. .
corresponding to an iron content of .72 % by wei ght . § kutions f
iron-organi c 30 conpounds containing 2.0% by wei ght, $ Ry 895 ron are
. sought. 28 February 2005 It is an aimof the present invention to provide
an iron-or i ¢ compound-containing conposition suitable for use as an
additive f fuels,|[ty Ically | i qui d hydrocarbon fuels, wherein the
conpositioh has a high ievel of the iron-organic conmpound and hence of
iron, par+iEd-arty at—IFav tenperlures, and is stable across a w de

t enper at ur Irange, par‘icularly is stable at | ow tenperatures. By "stable
across a W ¢g tenperatuge range” is neant that, over a wde tenperature
range (e.gl.wthin_whe range of from25C to +90C, and preferably within the
range of from-40C to +90C), particularly at |ow tenperatures, the

i ron-organi c conpound-contai ning conposition, preferably in the formof a
solutiOSﬂ%QEan organi ¢ sol vent, remains punpable and the iron-organic
compoun O€s not precipitate or phase-separate. It has now been found that
cert ai n ea¢lpA- AR icdppRients anfuasutekangl @ subtisfied mooestic atbouTeg oy be
used to prodyce conpositions having a high Jevel of the »iron-organo
conpoundl VASRPsHisrdor substipubed aramatiGRPEIRCYISTEE; t abl e for use as additives

for fuel §Ob.4S8 iés %&hﬁ%ﬁg@%@ gﬁgﬁﬁ&ﬁuﬁéﬂ%}bm&heEY&ﬁvﬁlﬁﬁ hpdrgéabab! y

hi gh- conpr essi on I on engines, having a particle filter in
the exhgusip; systemthereof It has also been found that such conpositions
may have  a_hi gh concentration of the iron- organo compound, and hence of
iron, epdhlSF an bpeerpifBmitdedd. and nay be stable across a wide tenperature
range. According to a first aspect of the present invention there is

net hod of regenerating article filter tr cated in the

provi de a :
exhau s‘f"g}é&’é’tpé‘?ﬂ‘%)f that tb%ﬁ%B@lll@rPf@I‘s'@‘éﬁﬁ? geesmaehavetpe &m@fgﬂ%’ ises contacting

carbon-based particulates , present in the particle filter trap, with

conbust i cts onposi tion wherein the conposition conprises: i)
one or e _conpQynd of fiyrnula (1): XY (1) where: X has the structure
representedfBy fofrmul aF¢l1): A Fe ----- Z ---- q
= = W
Rs Re

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

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

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

have the formula (IV):

TS R
Fe & Fe

= = O
R¢ Ry
where Rs or Rg and Ry or Rg are ethyl; and
ii) a diluent or carrier; and

wherein the one or more compound of formula (I) is present in an amount sufficient to

provide at least I wi. % of iron, based on the weight of the composition.




Y has the structure represented by formula (111): 3 AAIl Fe ----- Z--- Fe
(1'11) BB n 28 February 2005 where: each A and Bis independently an R
unsubstituted or substituted aromatic,carbon ring or an unsubstituted or
substituted aromatic heterocyclic ri na;a the ‘or each z 2&Febigeped¥ént|y an
unsubstituted or substituted dival ent hydrocarbyl group; nis O or an

integer of Ade&dnd td PsedGhg 2 Q) oviso that, the conpound of formula (1)
does not have tﬁ% fosrenu e?%e}: thya%?g{?gwﬁsz P‘\?}"de%ewﬁ%‘fo 'PREUYY R6 and R7 or
R8 ar e et hyfbr demehsingi the segdhdratent teowpeciture iof n ;pastiett Wherei n sai d one or nore

compound of formula (1) is present in an anount sufficient to provide at
| east | wt filtgs trapf Iocatedh, inbths eckhanstt hystenveiafhd cofnbubtivnc oygiasj tviterein lie one

enbodi ment _of the pres i,nventd on the conpound(s) of formila (1) do not
have the f(C)rnr}ﬂ(l’sgho(r{)‘?/f‘s.g{}t\'}fd\%glregrsgegst’é&'R6 and R7 or R8 are ethyl; and ii)
a diluent or carrier; and wherein the one or nore conpound of fornula (I)
is present in an anmount sufficient to provide at least 1 w. % of iron,

-based on the weight of the conposition. 3a 28 February 2005
According to a third aspect, the present invention provides a use of a composition as defined

in the first aspect as an additive to ‘ RN

flel for decreasing the regeneration temperature of a particle filter trap located in the

exhaust system ot a compusuon system for the fuel.

According to a fourth aspect, the present invention provides use of one or more compound as

defined in the first aspect for

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

system of a combustion system.

According to a fifth aspect, the present invention provides use of one or more compound as

defined I the first aspect as an

additive to fuel for decreasing the régeneration temperature of a particle filter trap

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

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

Milter systems..




According to a second aspect, the present invention provides use of a
conposition for decreasing the regeneration tenperature of a particle .
filter trap l-ocated in the exhaust system of a combustion systenm wherein
the conposition is as defined in thel birst ‘aspect Accé® GERYaR2W5 hird
aspect, the present invention provides a use of a conposition as defined in
the first aspect as an additive to fuel for decreasing the regeneration
tenperature of a particle filter trap located in the exhaust systemof a

- conbust i oficwydinemafseventhhepefitht prefmt mveitiog ptosides  oethadief pepfgoE 2 t he present

i nvention provides use of one or nore conpoynd as defined in the first
aspect f SPUgRMrEasdshged He thediamareat i on t ature of a particle filter
trap | 0Caldithridds Eiitac AL SbmpSutRlG Blrodh GRERAKST T ON system According to a
fifth aspects, Che pr esent PRventi on provi des use of one or nore conpound as
defined in the first aspect as an additive to fuel for decreasing the
regeneration tenperature of a particle filter trap |ocated in the exhaust

syst em,of . ombustion system for the fuel. According to a sixth aspect,
t he prgggﬂﬁ ‘fc’ﬁv‘i?ﬁ‘ﬁ)’oﬁndﬁf%‘?ﬂddﬂ@t {ese dashed dingh shbwn Hinsdoamedtoanyithl ienes as an

addi ti vefikigb h el i f.hj 0 essi ..Spont aneous
ignitign qng?%ggm%??higo&ﬁ%@@?ﬁ%?@ib#ﬁ%ﬁéjh?béﬂ@%ﬁng ?EWE@&§BP. “Febr uary
2005 Asdlstifiited divalent bpdrecdrbylasaecto. thé E@ﬂ@ﬁ% ANr B piRplan@indicaeidlgs a met hod

of purjfying;,a compoynd as_defined in_the first aspect , which conprises
extr acﬁenfémg%ecaeo B‘Eﬁﬁl tuitheh Ac 8F o the)Bogrogp. | Furikier,| theebondadian theder st ood

that t@guBashfdg b T?@ i %?ﬂ gon wi.th the definition of the
conmpound of for mlﬁ %ﬁ% ((rmeq%raleegte {}%gﬂ)ggﬁodlpft? E‘?ﬁrf cﬁﬁ%%t%tf} %ﬁ? or

subst imay & fiownthe stmé el n deffsrb | at@th FRhd SrsubRitit8s BE Shbsvifutdd @fvaledr oup and
indicate that the bond can- be either to the A or to the B group. Further,
the bonds fromthe unsubstituted or substituted dival ent hydrocarbyl group

to the respective A or B groups may be fromthe sane or a different atom
of ‘the unsubstituted or substituted divalent WO 02/18398 4




28 February 2005 PC/ GB01/03897 hydrocarbyl group, the fornmer being a
- gem nal conpound and the latter being a non- gem nal conmpound. In the  _
compound of formula (1) each A and B nay, for exanple, independently be an
5 unsubst iggibp@s@r Substituted aromatic carbon ring or384e0n@nned0S uted or
substituted aromatic heterocyclic ring containing, in the ring, one or nore
het eroatons selected fromO, N and S. Preferably, each A and B is
i ndependently an unsubstituted or substituted aromatic carbon ring. Mre
- preferably, each A and B is an unsubstituted aromatic carbon ring. 10 In .
t he conpound of fornula (1) each A and B may, for exanple, independently be
an unsubst i hydrasarbyk groumh ¢he forme bemgengeniienl campomd ahdh ghedptiebeing suntest i t ut ed
or substituted. clic ring, preferably an unsubstituted or
substituted %?%nrfg?%”gﬁog‘%%{'bon ring, containing from3 to 10 atons in the
ring. Preferably, each. A and B is independently 15 an unsubstituted or
substituted ﬁrtggggnil%uﬁ L pwmglgglg ofr, lgn (gpsubsgfgtute el esub e,.'t t ed
het er ocycli ¢ rihg, ppre erapty gﬁcr]}s RATIA Rl rs?ﬁ?)%?l‘t'ﬂ‘tléjanag i §t carbon
ring, cohtamsubsgrubed & smbstifuted ansnatio chdben ting @r ah ninkitstimedpauwatisiaaéd f or nul a
(1), the choice of. the A and B r.i.ngs_assaciated with, rticyl ar, Fe atom
bt b sucHEPRER RREOTEIS EREe R Otas Sa s bARRRES SBSH rent  of
the present frotuenti @Ad Sei Pleskably, GaciBAaGRIOB Iif iRidpanidedtiyoarp aisubginkted or Fe at om
is an unsubst%t_ut e(g or substitute 3-rrenfbeg]§g agorrat' .carbon_rjng or an
unsubst i t ut eFOFIIEY HOmARG, FabpnInge farequelgiablfatach Ahatdlf dT L PRUbTENE Wit h
the other ofarofatd@riBnaiggoci ated with the same "Fe atom being an
unsubstituted or substituted 7 25 nenbered aromatic carbon ring or an
unsubstit&ited or substituted 7-nenbered aromatic heterocyclic ring.
Preferably, ghhd SinfhoRAPOOMIRNA (15 bAdREA arkti Bimdy, £% SR&hAE, Shldeptidelkly Be RAT L1 cul ar
Fe atomis an unsubstituted or substituted 3-nmenbered aromatic _carbon
ring, with tyeubstitiiad osfsupstifirer] momatie sithengngior it tneubstifpied ms sybifiasei ng an
unsubsti t ut pt - L G Ahafid ca@n
alternati veq%(t)&%cg‘glgg?}ln%n#gﬁgg%d%q%?g&gggi%gﬁ%sﬁgﬁ st tﬁjtdée &g(r)ﬂgﬁl 'stituted,
e. g. unsubstdongingat from pderdd atome an teningi Frefoeblpreacindudnd B isindsgendently
substi t ufed, [ , j . fofo L ining 5
toms i s hee iR AP it Rl 5ol B dEbEROGK b ndd Y
heterocyclic ring, preferably unsubstituted or substituted aromatic carbon ring,

.
-

containing 3, 5 or 7 atoms in the ring. In the compounds of formula (1), the choice of
the A and B rings associated with a particular Fe atom must be such that the 18-
electron rule is obeyed. '
20
In one embodiment of the present invention, either A or B associated with a particular
Fe atom is an unsubstituted or substituted 3-membered aromatic carbon ring or an
unsubstituted or substituted 3-membered aromatic heterocyclic ring, with the other of
A and B associated with the same Fe atom being an umsubstituted or substituted 7-
25 membered aromatic carbon ring'-or an unsubstituted or substituted 7-membered
| aromatic heterocyclic ring, Preferably, in this embodiment either A or B associated
W1:ch a particular Fe atom is an unsubstituted or substituted 3-membered aromatic
carbon ring, with the other of A and B associated with the same Fe atom being an
unsubstituted or substituted 7-meribered aromatic carbon ring. In an altemative
30  embodiment A and B are each an unsubstituted or substituted, e.g. unsubstituted,
aromatic carbon ring or an unsubstituted or substituted, e.g. unsubstituted, aromatic

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




28 February 2005 WO 02/18398 PCT/ GB01/ 63897 5 unsubstituted or substituted
aromatic carbon ring containing 5 atons in the ring. More preferably, A
and B.are each an unsubstituted aromatic carbon ring having five carbon
atoms in th?uzfuis@@’ i.e. a cyclopentadienyl ring. 5 In EHECRManANNG of
formula (1) one or nore of A and/or one or nore of B may, ftor exanple, be
substituted with one or nore substituent selected fromakyl, substituted

al kyl , al koxy, substituted al koxy, aryl5 substituted aryl, aral kyl and
substituted aral kyl groups, preferably one or nore substituent selected
fromal kyl, sulstituted_al kél’ ar%I nd,substi,t,ugt)gd aryl gr,oup Mor e
preferably, titgied opFubsified grometis rrrpost ting rontpiningy atgms e Hng.cMotfst i t ut ed
with one or HEEELISURSH BURNEach ki Bnsibitiltbd 48Mkiid SartfR rBlgMiabing FiQ4 Barbon Ot her

sui tabl e substituents for the A and/ or B groups incl uge cyclic groups, e.g.
cycl oal kyl Seps theqig, gy 2icydorsrtadisayliiigr ei n two different carbon atoms on
the A or B group formpart of the cyclic ring of such cyclic group. Wen
nore than one of A and/or B is substituted, the substituent(s) may vary
fromring tdnthekpmpapyd efifosmile ¢Beone somereefon mnd/ar mepranere o8 Bsmayfer be i nert

under the r %%%E%Ig,goecsgﬂg:itﬁtie&) %%E{P'of’)h%gﬁ SBsthifint Sag&apﬁgﬁi&ﬁ%cgﬁggﬂ%dconpounds

of formula ( not give unfavourabl e 1 nteractions uel or
ot her addi t ialled, abivopy,oybsilitited alkexyf awyl, sulBtibead arylearelyhansdt subsjitutérberalkyl

conditions w.l| il [ ent.. [ SN ib | ' .
Suitable su (Iﬁp f’ﬁ%ﬁ%@g@fc’g‘% 0? e sl "é‘i‘ﬂh?“a eelgc?egls%m%gﬂg Sﬁﬁ%@"@ﬁ %?’é’i’[@] koxy
groups i ncl wdé stisstimied ayy rgponyps. dildre pref@iblyn| Wienyone ar ylore of Aland/onngk @st er
groups, .and suitahble tituents for the.substituted aryl .and substituted
ookl B oante R MR i o ARG PR idtn R Brodl” 51

esfg er gr oups)thérrsuﬁtgtﬁe @alssﬁmﬁtssfdbﬁhei AUﬁrﬂﬂbl r B Qrdiypk 1ﬁ¢1meloiyclhb hgoupsbeL ]Eueﬂt or
substituents e present _on the aryl an r t a ortion_of the
group. Particéff}fr’ra%flﬁmé‘gﬁaﬁ%f”@hcﬂ?b‘gﬁWﬁ‘ﬁéﬂf‘go%U reﬂt‘ﬁlﬁe'?ff‘cﬁa/@cg’r E41% B groups
with 1-4 C @iySorsh Pirt K &idldyelic 84 suck 2ydicQupsp.  Wiheh eicdditdin ohé of Ae
conpound of fornula (1), A and B are the sane. As used herein, .in
connecti on Andar B isubriadhite HhEHEmYR), mPheary Sp nng R ging: é.nytsﬂyﬂﬁwew 30

portion iaf ailt X afl/or38 Bhdtild b& HRHRnddFRNe RActin! Rh&ibn ddibyellin Beanched
chain. WD 02/18398 6_28 February 2005 L L .
preparation of the compounds of formula (I) and not give unfavourable interactions

with the fuel or other additives employed in the fuel. Substituents meeting these
conditions will be readily apparent to a person skilled in the art. Suitable substituents
for the substituted alkyl and substituted alkoxy groups include halo, hydroxy, nitro,
20  alkoxy, aryl, cyclic and ester groups, and suitable substituents for the substituted aryl
and substituted aralkyl groups include halo, hydroxy, nitro, alkyl, alkoxy, cyclic and
ester groups. In the case of substituted aralkyl groups, the substifuent or substituents
may be present on the aryl and/or the alkyl portion of the group. Particularly suitable
substituents for A and/or B are alkyl groups with 1-4 C-atoms, for example, ethyl
25  groups. |

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

As used herein, in connection with the present invention, the term “alkyl” or the alkyl

30 portion of an atkoxy or aralkyl group, may be straight chain or branched chain.




PCT/ GB01/ 03897 The term "unsubstituted or substituted dival ent hydrocar byl
group". .as used herein. neans a group conprising at l.east.  C and H and which... ..
may, optionally, conprise one or nore suitable substi en Aﬁ&%plcal
unsubsti t RegSubstituted divalent hydrocarbyl gro 0

unsubstituted or substltuted di val ent hydrocar bon group. r g‘?he term
"hydr ocarbon” neans any one of an al kyl ene group, an al kenyl ene group, an

al kynyl ene group, which groups may be I[gnear, branched or cyclic, or a

di val ent aryl group. For exanple, the unsubstituted or substituted

di val ent “hydrocarbon group may be an al kyl ene, branched al kyl ene or
cycloalkyIeﬁﬁﬁgmnupumﬁhsﬁnbdmmhﬂﬂﬁbﬁahﬁ@ﬂaaﬁgdnmmmgl@maﬁ ahowd hgrepups but
wherei n they have been pt..ona [ f the. hydr onis a

b anched ot (EIARH F &R orprsp o ete Er Ry bt EPich e, Fiohilng XEBEE 0By o

-may be on eidrhaord Baitdbjed rsobstitdants. bac kjanewd aisulastinitdie obrsabsinted | diantennt | vel y

t he substltutlon be on roca rbon K on th branch. A
preferred §$Wf§¥@@wﬁPu§%%§F$¥g @H&’W&H&B Cis an
unsubsti tat elﬁe fim “Bydiotdrbon ebatl at@loaabfai éﬂk&leﬁheg@ﬁ@laﬁ alkauyla:@ g%upl, aast- one f
"~ carbon atomin tre al kyl ene, 15 | i nkage Nbre rg&erabhé subftltuted

or substi t ut¥EFicpa BEYP: WYGh SERPHEBAY 8?8 ralcl t¥

substituted giya |Iﬁﬁ’texaﬂﬂk!'1ﬂé‘%ﬂﬁﬁﬂﬁem\éhﬂﬁtﬁté@ﬂi‘vﬂieﬁt%y&n@cﬁ@drb@@up AhPns in

t he al kyl ene I|nka e, for example, havi at |least 2 carbon atonms in the
al kyl ene ||rh@g@11@?enﬁawe%%ﬂe@rqs@ﬁcla¥gﬂ?mrgr@% Hheggrmdiydracahenglee |t he
di val ent hy:ﬂélﬁ&eértlaxée g{oﬁb@bﬁoﬁﬂéxéﬁ%eﬂﬁx% Bé?eﬁnoﬁi&ﬁalﬁ m@ﬁtuwoss tR&r bons

need not necessaril [i nked to €ach ot her.” For exan&gg@ at |l east two
5

y
of the cH} bdwdrasepoiis 4 brancker sugtue haying sulistitient(s) fhereoncthe titpgHes, ¢ he
di valent h I gaglggn@ e u ro atons
w il be ap%gééﬁﬁéﬁ% t oggﬂzk led 1n t gﬁgr@pgﬁaigﬁ%ﬁﬁgeakﬂ%h%ﬂ ﬁ%?ance
sul phur, ni tmmmmwmmemwmmb@kbmmm the bEgempAayeisfret ui t abl e
substltuent t b rou S
S.m%ﬁb%hm%y pesu?sth[%ﬁﬁp dn}&fénp E{I&ﬁ; %r(ﬂ{pkﬂé‘%n M ARRDYE  9roup

Z, include h A subst] unsu stl oXy group, nitro,
substituted mlbstlilltsd,lﬂsfalehua]kylcrwl gcylllp bavingpat leass obs tirbort atdmoin the sildplens t ut ed

aryl gro titut unsu t ed | f% tut'ed or
unsubst i tut e181k5$ek§? ylie %) 8"&%13’= th% E%[Itﬁt?&]?r S&b&]t‘%ﬁ)sﬁuﬁlg?tw&og%bgn ?ﬁﬂc group,
and groups Hawi nmubktﬁuﬁed) bmdbmt(\t\{d divaleniVflkdéte lfdG§Bhaving from 1 to 10 carbon

atoms in the alkylene linkage, for example, having at least 2 carbon atoms in the

alkylene linkage or having one carbon atom in the alkylene linkage. If the divalent

hydrocarby! group comprises more than one C then those carbons need not necessarily

20  be linked to each other. For example, at least two of the carbons may be linked via a
suitable element or group. Thus, the divalent hydrocarbyl group may contain hetero
atoms. Suitable hetero atoms will be apparent to those skilled in the art and include,

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

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



--- - Fe ----- PBmB (V) 28 February 2005 PCT/ GB01/03897 wherein: each A
and B are as defined above; each P, when present, is independently an
unsubstituted or substituted dival ent hydrocar byl grouE;Fand ”"iébéj or an
i nt eger of, 1 to 10. In addition to the possibili T
substituen %B{I)%?Br?g a cyclic group, a conbination of su%ﬁél)%ﬁ@%%?s may form
a cyclic group. In one enbodinent, one or nore 5 of the hydrocarbyl groups,
Z, conprises one or nore substituted oryunsubstituted aryl groups or one
or nore substituted or unsubstituted al karyl groups as substituent(s). In
anot her enbodi nent, one or nore of the hydrocarbyl groups, Z, conprises, as
substituent (s} one nore groups having the formula (V) in which A and B
are cycl open dﬁienyl or kyl cycl opent adi enyl rings. Any substituent
present in th 10 grjoup ishould be inert under the reaction conditions
enpl oyed i n pi&gari-ry #-hekFeconpoun@® of fornula (1) and not give
unf avour abl e inkeractions Mﬁth the fuel or other additives enployed in the
fuel. Substitldhts negtingdthese conditions will be readily apparent to a
person skilledin the—8rt. 15 In one enbodi nent of the present invention Z,
when n is O, or one or nore of the Z groups, when nis from1l to 10, is
substituted with one or nore substituents selected fromalkyl groups,
subst it ut ed whekgin: egelodped Barsas dghinadpbove; gt wherepresani; is igdepepsiently an kar y|
groups, substj : p I above,
and is pref Z‘%ﬂg%%ﬁlgeu s@?%iltt%%{ %Hfaﬁmgﬁygmg%l%ﬁlo%gﬁ%\t%g?? E{Eﬁ{ %{ %gg%% %/31 from
al kyl gr oupsfror20 teUBs i additiza ta feyHossbibitypef thinshbgtituentsbdinga exglic Bwup.og nul a (V)
above. For e 0] r eac y be
Subst ¢ ut ed SRS i esfbat i fehde brunEe Bopddified, et BoRLTY.
substi t uted aflthyhydgscarhys gams, By aupsisésaneng nide sublidmnied loa wisubstiabed &yl 25
Suitabl e substituents for the.suhstituted alkyl and substit.ut al koxy
of oups. t hat SRy o BiE g Bire et it Son BRuR R N o,
al koxy, cyclanothan@mbsdigientglops! g . m¥© OR21b8BRARodrby]l groups, Z, comprises, as
substituent(s), one or more groups having the formula (V) in which A and B are

cyclopentadienyl or alkylcyclopentadienyl rings. Any substituent present in the Z

10 group should be inert under the reaction conditions employed in preparing the
compounds of formula (T) and not give unfavourable interactions with the fuel or other
additives employed in the fuel. Substituents meeting these conditions will be readily
apparent to a person skilled in the art.

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

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

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




28 February 2005 PCT/ GBOI /03897 Suitable substituents for the substituted
aryl, substituted aral kyl-and substituted cyclic groups, that nay”be
present in the Z group, include halo, hydroxy, nitro, alkyl, alkox

cyclic an caroups, preferably alkyl groups. In tBgH 00

substi t ut Svd(?g}rnglr’ groups, the substituent or substi ﬁ%en S I% be present
on the aryl and/or the alkyl 5 portion of the group. In another enbodi nent
of the present invention, Z when n isg0, or one or nore of the Z groups,
when nis from1l to 10, is a group of formula (VMI): R ---( (VI) K2 10 .
wherein each RlL and R2 is independently hydrogen, alkyl, substituted al kyl,
al koxy, sulﬂsttabimwsﬁtaédmfw theasnbﬂti,tutalmsl, substimtbdarajity] and aibk@thtedw@istti tuted
ar al kyl , cyclic stltu cycl i n |nt | east 1,
e.g. an int &4eP tf"ta?ﬂ% ll_’retg%' 3% ?ué’l’ ngf TIO%YETX%D& oge er with

t he carbon ayeli dnd e@tucgkb@nepteﬁfablmlkﬁc@ﬁﬂps Im&y: daos of mbsgmtadcaralkylg I n one
enbodi nent x i s

a and, i.n _apother e i ment, x
Ce 2 Tt hereiBo e SRR s PRt oeh Preset EoBRA T SEARTe.
i ndependgnt |pyrtia of thy@fgen, (CL- C6) al kyl, substituted (Cl-C6)al kyl,
(C1- Co) al koxy, substituted (Cl- C6)al koxy, (C6)aryl, substituted (C6) aryl,
ar (Cl-C6) al kyl or substituted ar(Cl-C6)al kyl. 20 Prefer\ably Rl and R2 are

methyl. A pQ@Eﬁfﬂ{eedmg&ﬁﬁ@mwfﬂ{eq:rrégéhﬁn&e&{hmlzs whBIeh & 05 ot SneloransteREttiand R2 are
bot h net hyl . Rl or R2, present in the group of formula (VI), should be

i nert under Zsieupseueningniroms te dfds p gesie 0 in the preparation of the
conmpounds of formula (1) and not give unf avourabl e interactions with the
fuel or other additives enployed in the fuel. RL or R2 groups neeting
these conditionsimill be readily apparent to a person skilled in the art.
Sui tabl e sub élegte_s for the tituted al kyl and substituted al koxy
groups, that present in the group of formula (VI), include hal o,

hydr.oxy, nitro, koxy, WD 02/18398 9 28 February 2005
| 10  wherein each R; and R; is independently hydrogen, alkyl, substituted alkyl, alkoxy,
substituted alkoxy, aryl, substituted aryl, aralkyl, substituted aralkyl, cyclic or
substituted cyclic; and x is an integer of at least 1, e.g. an integer of from 1 to 10.
Alternatively, Ry and R, together with the carbon atom to which they are attached,
may form a cyclic ring. In one embodiment x is an infeger of at least 2 and, in another

15 embodiment, xis 1.

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

hydrogen, (Ci-Cgalkyl, substituted (C1-Cglalkyl, (C;-Cglalkoxy, substituted (Ci-

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

A preferred group of formula (VI) is wheijc x is 1 and R; and Ry are both methyl.

R, or Ry, present in the group of formula (VI), should be inert under the reaction
25  conditions employed in the preparation of the compounds of formula (I} and not give

unfavourable interactions with the fuel or other additives employed in the fuel. Ry or

Ry 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,




PCT/ G801/ 03897 cyclic and ester groups. Suitable substituents for the
substituted aryl, substituted aralkyl and substituted cyclic groups, that
may be present in the group of formula (VI), include halo, hydroxy, nitro,
al kyl, al Yyigsgclic and ester groups, preferably al k48iehrnanngd0Sin the
case of substituted aral kyl groups, the substituent or substituents may be
present on the aryl and/or the alkyl portion of the group. In one

enbodi rent of the present invention, when nis 1 or greater than 1, each Z
is the sane. 10 In one enbodi nent of the present invention, the
conposition conprises two or nore conpounds of formula (1) having

di ffering valydésansf ester” grovps. s Guitrblrosbstitnerito fig, the substitutedvaryd wbstitded Z gr oups

present int f r . , tituted
N th one or BasdPAMIE oA RGS dgrh W il uEHE RS of REmuBVE. 1)
havi ng di f f énéludg hakd, bydrogy, ritd, ake, gkege nyclic mnd ksterc gnopes iptdfaablp mlkghe or

nore of the 15 c ounds _.of . fornul a . In.a ferred odi ment of the
 Composi t1 on Bendt Brasieet hUEHER sR0 et o BifER] SRS RS, | )

. conpri se j0neeqiesemiba ilgenylnad/obihs bkyl metondfdicgmng. wherein the al kane

bri dge between the two ferrocenyl residues is forned by a saturated 20
hydrocarbon, that is to say by an al kane. This al kane bridge can be
branched, buh oht emBodimeaidf talpryscit maégibh -witainied. orGosapaunas], @kch Z is
particularly preferred which have a bridge with 2 to 4 carbon atons and
especially a8 nds with a propane bridge. 2,2- bisferrocenyl propane
having the formula (MIl) is, therefore, a highly preferred conpound: 25
(VI'l) The conmpound, of fornula (VI1) is considered to be an exanple of a
conpoundithait9ge embadiment o theciasenbinventionfhe pamRpsitieg carptses tYOCDMOEB398 10
28 February a08sundS 6 fofdPa (19 BAAs difieritgOViRR BH3) 1Pduch B5ibdsRiohd bnéBy . f Or
exanpl e, be present in the Cconposition according to the present invention
i n an anountm@epf thei % groupopipyesy indie compaunds otﬁmpgs i(Direay, fortexprapletbe2 wt . %

e g. at |eashhshnitls with ofil or 118 grOFR S fhuld V&) WaliPtht Sbupd ¥ formuta (V)

having differing values of “m” are present in the composition or one or more of the

15  compounds of formula (I).

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

compound:
25
<> (VI
Fe & Fe -

= <=

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

a straight-chained alkane bridging group.




5 conposition. In one enbodi nent of the present invention, the conpound(s)
of formula (1) islare present in the conposition in an anount sufficiengwwm
to provide, at -30'C, and preferably at -40'C, at Iea;t 1 wt. @6%I i ron,
based on ight of the conposition. 10 Preferably, 45 |ons
according%??m¥§%ﬁpresent invention are free, or substan |5%? ree,
~conmpound(s) of formula (VIIl): A-Fe-B (V) wherein A and B are as

defi ned above. 15 In the conposition aggording to the present invention the
conpound(s) of formula (1) is/are typically dissolved or dispersed,
preferably dissolved, in the carrier or diluent. Preferably the carrier or
diluent is an organic conpound that is a solvent for the conpound(s) of
formula (1) uc ition ac ordln t he ent 20
vent on, o Paiiiac ) BrurITRERh o PR ke Mrkebbin B BREMIRS | o
or diluent. a&tedmgetseﬂ:b pneseaﬂtmmn@d S0 4ar ammdmsSlﬁﬁamhmdpmfnde efretier ati ng a

particle-filter trap d,nth hau corrb sti.on system
for fuel, fd&P™RIHORH @t gg /"r fig ??F@St ‘P?gr%’t é‘?ﬁ Wf’léﬁ ressi on,
spontanequscbﬂ?bﬁu@ﬁ engine (e.g. a dlesel 25 engi ne), which conprises
-contacting carbon-based particulates, present in the particle filter trap,
with combustion products of a conposition according to the present

invention. TiRiné@ldbydikRet b8k fr&ed iMYEAOE ahd BompiRl(s) bfl fdritm (melTsﬁa&d t he
conposition accqording to the present i nvention may, for exanple

| ocated i n ressiinfinePmpagEyipap eemovRt shiicisat te pryids: %r?%@%?fﬁ%bly

i ntroducti onyg 4G, o REstiUR, viiridh, Ha&do%%&@é@ﬁ%&‘ﬂﬁ%%oélﬁtﬁx.fue! in the
combustion system WO 02/18398 11 The term carbon-based particul ates", as
~used her¥in, includes carbon-based particulates, e.g. soot particles,

whi ch carbon o y I neopRl et e

conbusti on OEQE%EQ Rﬁ%(h o@h&% g&%g%%ﬁggﬁ%h g%%%gﬁgﬁﬂ?%&hﬁghﬂﬁ%y al so be
formed fromsobstntisly fee, Qdemnonn@thfﬁgmulal(VHD ot her organi c-based materials
used wi'thin the conbustion systemnlt is ortant that the carbon-based
particul ates, present in the particle fiYter trap, and the conbustion
products of wﬁmimAmp@Bareaﬁrdeﬁnedndeng to the present invention,

15

'I-.-

In the composition according to the present invention the compound(s) of formula (I)
isfare typically dissolved or dispersed, preferably dissolved, in the carrier or diluent.
Preferably the carrier or diluent is an organic compound that is a solvent for the
compound(s) of formula (I) such that, in the composition according to the present

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

The present invention also provides a method of regenerating a particle filter trap
located in the exhaust system of a combustion system for fuel, for example located in
the exhaust system of a high-compression, spontaneous ignition engine (e.g. a diesel
25  engine), which comprises contacting carbon-based particulates, present in the particle
filter trap, with combustion products of a composition according to the present
im;éntion. 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 imto the fuel prior to

30  combustion of the fuel in the combustion system.




especially solid, typically particulate, material present in the conbustion
products of 10 the conposition according to the present invention, be
~intimately mxed. It is also inportant that the carbon-based particul ates
and the cQpbisfian products of the conposition accordqggﬁgw Q%r esent
invention, present in the particle filter trap, be expose ot h heat
and an oxidant gas (e.g. 02 or NO2), preferably both the heat and 15
oxi dant gas being supplied within the g@xhaust gases fromthe conbustion
system The present i nvention further provides t he use of conbustion
.products of the np05|t|on accordlng toth Eresent invention for

ed.

decreasi ng tHg F@@enéﬂh@ﬁ-b*ﬁed tpertpselateslr s (hsed. herpis, tinghdes acatban-basedahi ch
t rapped carQ&HE Se s) of a
particle fil terﬁgﬁgp g%%Etg%ﬁ?%ptﬁﬂﬁcgﬁggg%gg éﬁ@%@ ig n@ﬁgklgﬂ system

for fuel, fdy issempltte comhusting of fisduelt wighin tﬂammbuaudn :g'htemdmbw@m rosy

spontaneous t N i i rbon
fuel. The pfgggﬁﬁhﬁ%ﬁﬁ%@?ﬁ%“?@%ﬁFqﬁﬁﬁﬁﬁﬁ' %P%Q? §es tﬁ%hﬁégggpxg&%%ﬁp05|tlon
accordi nd t asedwithid3he comdbmstionsysdsn.an additive to fuel, typically a

hydr ocarbon fuel, for decreasing the regeneration tenperature of a particle
filter trap located in the exhaust systemof a conbustion systemfor the
fuel, for eXajm@ortand ﬂiahﬂleemhambdse&y&haﬂateﬁ pfeséﬂtghthewqables‘ﬂﬁemmps point aneous
ignition engjne. 30 Gem nal bi rrocenyl ai kanes, wh re|n the al kane bridge
batween t ho PhgoRBISSE Attt o5 1R SRR oD Ry & Bh et A ocar bon,
that is to sapech¥lyadlidltsiosly paanelagowerial fewheinas chabldton plodiasibar | y
SU|tabIe for use In_the present invention. This alkane 28 February 2005 WO
02/ 18398 %G‘P?%G&H%é‘@@?“f%@&%j’é’r@%“b‘@%%é?W@%&Pﬁ‘é , branched or
cyclic, e.g. straight-chained or branched, but is preferably

strai ght-chai ned. Conpounds are partlcularl preferred which have a brldge

with 2 to 4 Esaerimporens tha Hleﬁawbpveeaeéparﬂeeﬁﬁ%amﬂj%le\fapmhusambPWS%%o ri dge

are excel | e cdnfpokiih %cc%fﬂlﬂgatl? tHel ﬂrééeﬁt%veﬁﬁ@n Efbsédi‘ th {BE Eﬁﬁaé ShEMRRI bON.
2, 2-bi sferrocenylpropane 5 is, therefore,

eferred conpound.
Al kane- br i dggBosed e beth heat ded anoxidaptess fne quxé\ltg@,rnwtgs@bixrbeﬂﬂheh%nndar e

(157! Whet Tkl g 8o ihin 2 b R b coiaBaN e o0 2

cycl opent adi enyl rings, may, for exanple, be prepared by the 10
condensati o f qﬂEE race e f a
car bonyl cgﬁ%oﬁ&%ggu nﬁ&la fgigﬁg% ﬁ% &% g%chegﬁ,g é%ggeﬁﬁﬂghch as a

ket al or aceabpmippsition according to the present invention for decreasing the regeneration

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

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

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

compression spontaneous ignition engine.

30 Geminal bisferrocenylalkanes, wherein the alkane bridge between the two ferrocenyl
residues is formed by a saturated hydrocarbon, that is to say by an alkane, have shown
themselves to be particularly suitable for use in the present invention. This alkane




respectively. In US-A-3,673,232 this is acconplished by addition of the
carbonyl conpound or equivalent to a two phase system conposed of a o
solution of strong acid, e.g. sulphuric acid, in alcohol, e.g. nethanol, '
and a sol ytj ferrocene in an organic 15 solvent, b 0Qfene, or a
suspensioﬁ&%?ﬂyé%rocene in ferrocene-saturated toluene%%g§#ﬁﬁﬁ?as of
formula (1), where n in formula (lI11) is zero and one or nore of A and/or
B is a substituted cyclopentadienyl ring, e.g. alkylated ferrocenes, may

al so be prepared in this manner. \Were the ferrocene or substituted"
ferrocene, used as starting material, is aliquid (e.g. nolten) at the
reaction tenpiigatcan be sigaght-chaitddebanepdoatcidir, e.20stialphticlidired tonbramolsgle syst em

may conpris uch liquid (e . g., mplfen) ferrocene onpound in.the absence
0t he br ganrt el Sttt e PR DTS PR AT onc 'y
subst ibt ut ed tdriige @ﬁﬁm ,4h@fbﬁ)ﬁfato%$b3% iphtticeidr, fcempamanesh i ﬁrdipa?@bﬁdg’eeﬂe itself,
can e prepared throygh, t se of gppropriate mxtures of starting
materi al s. 2%{%%% S iy in QR PSPt RYeRHioR, &2 ArbisierTo im’aaye of

car bonyl gonpouadfons, _a}ﬂgﬂ%ﬁﬁfeﬁ@& c6BPoil@. HBQHe-b9ddel SRAIBNCRENAURE Sndl
formula (1) where nin fornula (II1) is non-zero. For_ exanple, reaction of
0. 67 equi val Bpmenypcture thesobarg disclgpnddp theguioy ah&r I U$-Ar3613%3Ene wi | | produce
a product containing a m xture of unreacted ferrocene, a conpound of
formula (1) in which nis 0, a conpound of fornmula (1) in which nis 1, 30
and possi bl yCompsads of iferowdar §), where tn on fenuls d1Bcistzsre andh 4 wed B ages, first
0.6 equival : n 0. iy aleen Nyt h t4l S

subst anti al I@g@%ﬁ%ﬂl@t gﬁlgﬁ%ﬁgﬁ%l {:/%gsg Jr%%t S%eteg%n\riﬁlg’i rlﬂ3 ngr egﬁgtg b er{lé% hi gher
propor t i Bh ocfondensasiopoefintivoo fquddldtsh ofi &myoc@B0 Fith \iDe 0Ruve OB o @Te¢atBdy! 03897 13
formula (1), .1 | i t roce ri [;nvol vi ng
the reacti onmhg)f)mgi. %l}hga&ﬁc\;a %HF@S@%C‘&%&‘W lé{jéﬁ%ﬁg%?\?%t%gg\ég?t i ons of

ol i goneri c spgecteslypr BsURtA-36d123 this Izeacackpplished bpaddiiem gl g ¢dalsongbdi t i on

profile of both the ferrgcene and.of th carbonyl. conpound .or egui val ent .
Bos 5 i g el or s RER AT BT s S GApeRR Ora IR Pithe i) V21 ol &
result fromédg. salphwittachl infdh@holeag! methanpl,@ad atsolatior sfferodead in adgitganidd ent s of
ferroce w th one of etone, foll owed addi tion of a.further

Lot o ol b e RucBas ARG o, MPrE G S ota, B R e Rttt Mfhsen

m xtures of CahhfonfdLsrt foyrmslsl 05! Wheté @0inFormaila SHNSS kérdted dnelof aaenes A t h

ferrocene itself_can he .prepared through the e of appropriate m xtures
of starting ’ﬁ?&"épi ig pgubs 'glte%%yclopentadganyl r?ng, e.g. all%?lateg fe:ro?:gnes,enay also be

prepared in this manner. Where the ferrocene or substituted ferrocene, used as starting

material, is a liquid (e.g. molten) at the reaction temperature used in the preparation,

20 then the two-phase system may comprise such 1icjuid (e.g. molten) ferrocene
_compound in the absence of the organic solvent. Compositions containing mixtures of

" differently substituted ferrocenes, or of substituted ferrocenes with ferrocene itself, can

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

25 ~Changes to the manner and/or reiative molar quantity of carbonyl compound or
equivalent can be used to prepare compounds of formula (I) where n in formula (11I) is
no&z«aro. For example, reaction of 0.67 equivalents of acetone per molar equivalent
of ferrocene will produce a product containing a mixture of unreacted ferrocene, a
compound of formula (I) in which 1 is 0, a compound of formula (I) in which n is 1,

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




According to US-A-3,673,232 varying the addition rate of the carbonyl
conpound or equi val ent may result in the formation of compounds of fornul a
(1), where nin formula (I1l) is other than zero. 15 Ml ecul es or
"~ conpositigns caontaining different, substituted |inking28fFe O5can be
pr epar ed ?93pri ate nodifications to the schenes OL}% qmz%ve
Compounds of fornula (I) containing, on the hydrocarbyl group Z,
substituent(s) of fornula (V), where i is zero- may be prepared in a
nunber of ways. Anmongst the 20 sinplest is the use, as the carbonyl
~conmpound or equivalent in the process outlined above, of a di-carbonyl
speci es or domiulafll it whishiahs 2 ghan ite ptodehyaj«k:smbedauweenmirﬁng thapgretiar | at e

care needs t the nunber f nol ar UI val ent s of
Coth mepar R 038 e abefolD M el BB o Rrio BBl ol weRE S O,
?V)andwncont aaf iald@ be @djuétdf&b;hgiﬁhgiﬁgtumydddgb@ pofile oﬁl?dﬂﬁﬂigtfbtgofﬂeﬁfsandaff thor mul a

] , erein.,is Zer o, ar.e as oytli ne aboyv usi

Chi or | nat o IS REBHTRE FaETEDs h oS & PRk BRL OO GREPBH SHEORE A ¢ i at ed
ferrocens. Gerydhgss pfshﬁmwwunﬁolﬂ tre@tnefil e;me&gacﬁ@mbﬁidacmff t%rmaunds of
forrrula(l) wher ei n le substituted with s stltuentg%a forrrula(\/)
in which i n SEvalgRis € fgrecsne aitoon °§@°i§?‘§p§?‘§8"qdn by @ddi %

exanpl e, the ﬁﬁﬁﬁﬂt' e N T a?adcﬂcgt%ﬁé)n@oﬁ‘lpbsﬁtﬂn@.%ntaﬁﬂig! Yloans sf of a

ferrocene r%ff further reacted with a single further equival ent each of
ferrocene arf@ferenlyspestititedas of wbﬁ'ﬁlﬁq’@d Spreacpues withderrocase isielicambe prepared

Al ternati vel L EEsHang neQp1s, PCT/ GB01/ 03897 di ket one
may be reactmg %Mﬁl ;@ﬁé}l 0 errocene and asconpound of formula (I) in
which ni0s 0. A further possibility is the preparation of a conpound of
formula (1) ' dﬁpy whi ch
may t hen beﬁfurt ng tQUSZ%gfégg 2‘§§f[v %gggctg%c%%%%?%ff B O(E?’I ‘%;ﬂ\ﬁﬁ’gécg&ﬁ is O
prepar ed fr cquzalegrmays rdsulh ga ithn &ringteh afdehmdbpflfm&aeﬂbrwmq@liwhj ent. N

- Non- gem nal fgtlmlﬁa lfUbrl gleaangerrocenes are al so avail abl e by a nunber of
routes and “usingferrocene, libstituted ferrocenes, or m xtures thereof
For exanple a dlhalogen conpound such as 1, 4- dlchlorobutane may be
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‘prepared by appropriate mod1ﬁcat10ns to the schemes outlined above.

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




preparations of ferrocene, may first be reacted with the di hal ogen conpound
and the resulting bridged cycl opentadiene nixed with fresh cycl opent adi ene
and used as in the conventional preparations of ferrocene. 15

Al kane- bri rrocenes wherein the al kane bridge co ﬁgﬁ; at ons
may be ppggggg%ﬁby routes wel |l -known to those skilledﬁg§L gﬁgﬁ%?bFor
exanple, lithiated ferrocene may be reacted with 2-chl oroethyl et her.
Alternatively, acetyl ferrocene may beg4condensed, e.g. with ethylene

diam ne, and the resulting di-imne product optionally reduced to the ,
‘diamne, e.g. with NaBH4. As a further alternative, conpounds 20 contai ning
bot h at | eagliketome mabbmaytedgﬁﬁmprﬁanmoﬁfpwmdm@munn&f forspda (1) in

het er oat ons,_.f. Qr I yacet ' ymbe

enpl oyed as Whg%a]% (ﬁ(ﬂgg% m%%%géylﬁﬁn%g%@%@%a %@é@%ﬂoﬁg&ggﬁp und of
formul a (1) ,wheteem iud dygt vsimgarc cldoritatedenldehyde ¢rhleeton2 Swigicte septthémbeefuicthen, to be
free, or substanti I% free. .of :fnr%%ﬁtugdwieré)n-cso falni rég rerial used as
~a starting retefi B CPWBO"B]FeB%\ At f Eﬁcﬁl éo@pgﬁﬁg 9 rhdra (.

For exanysl e fundtionsisqd stdebidest kewhe or équivalemopound of fornula (1) decreases
the solubility or dispersibility of the iron-containing starting materi al
in the carrier or diluent present in the conposition ofxthe invention, for
t he conpoundNdafgehriialnuliand-bridge® fdfocére re o ARilAINBY amaindr of rbiteandof t he

I ron-containihg starti ngD r,ratgrl al. A corrpoun%ﬁ'of f}?r nmul a %éé .free, or
subst ant i al [Uying fzeocens; sybsiHice drrrogenes g nurtres therpofrat & $Xamplees dibplagene anp| e,
be obtai ne¢oRyoial fichl dam,a%moﬁﬁﬁiahmngwréab@mﬁiﬂ sbiiBorP bE Rl on of
such conmpound of 2005 WD 02/18398 PCT/ B01/ 03897 15 fornula (1) to give a
hi gh | evi® derresenty e AdEmativelin gy splutiop olespdipm cxslonepigiientnaaivpdnl m&Wart i ng
material usigabls dITOMBbhS LY MUOR: SHER i tho Shildldgdh BBporiiiahd FRL T On Or

recrystalliZation. A person skilled in the art wll Treadily be able to

det er m ne t hesulting dtidgedreyeloprntadican siieadprithirash exclansnigiligee anpdhisefhasiiethel  of
conver si on tcBnJeHEouQE@%]%a?&ionEBf‘BHH&ﬂ of fornula (1). Wen conpositions
according to the present 1 nvention (e.g. gem nal bisferrocenyl al kanes in
an organic solvent) are supplied to the fuel and the fuel is supplied to

t he conbust i . 0 ) . m nal 10
b1 o or r odonyi AR SFUER ehlfent TREMICA le IS ARb neiiphlomt By 4ET 1

m xture suppdpaed Hyarottze vedirkimowsi torthesy sskidlent dm dhendsit.c For cvpmpls chthiated f uel and

alr, to pr O%Jngo%ene may be reacted with 2-chloroethylether. Alternatively, acetyl ferrocene may

be condensed, e.g. with ethylene diamine, and the resulting di-imine product optionally
reduced to the diamine, e.g. with NaBH;. As a further alternative, compounds

20  containing both at least one carbonyl group or equivalent and one or more
heteroatoms, for example, methoxyacetaldehyde(dimethylacetal) may be employed as
starting materials.

It may be desirable for the compound of formula (), when used in accordance with the

25  present invention, to be free, or | substantially free, of unreacted iron-containing
material used as a starting material in the preparation of such compound of formula (T).

Fo; .example, it is preferred, when the compound of formula (f) 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




conbusti on products containing iron-containing species, e.g. iron oxides.
Conbustion of the fuel, and possibly lubricating oil or other organic
carbon-based materials, within the conbustion system pr('):duces conbusti on
products ' pically contain carbon 15 based parti ry

conbust i o%%ﬁ%%ts arising fromthe conbustion of thea@ggc?r%g@?s I on
according to the present invention and which conprises solid iron-

cont ai ning species such as iron oxide($%j, and the carbon-based
particulates, are intimtely mxed in the exhaust gases fromthe
conmbusti on systemand t he rticulate materjal is filtered out, by the
particle filf %?5%9?& gl\xmaﬂ@sahﬁasil %cgqlﬁeff@%?%‘ér BOtRPVBLPIAPHNEGINE i t s
bel i eved t hataria naekhidhind BB Hndhn REGBERNEs Sitht Redicrans tdubfmBigadsct s of
the conposition according to the present invention, which particul ate
material corpfyslizatipn.orfs perrem Fiilledginsthe ertedillsisadilyake Abledo dremeipa fhe s
responsi bl € -t Qfion QondifiorsCAplopERBIHh | 4 §high SvoP of AWVl @f b Mtsikagni 1 on
tenperature of the carbon-basSed parti cul at es ang, ence, the regeneration
t enper at ér e compewrd S&ermdd®. fi | ter trap. Therefore, at the operating 25
tenperature of the filter, episodes of spontaneous ignition occur and the
carbon-based particulates, e.g. soot particles, are burvned off to produce
gaseous prodibins. compdsitionait iageirding miansheraprebent usiovention r 4¢.ge  géminal
tenperature icke filter or h h t by
obt ai ni ng abg%?%ogﬁﬂg%ﬁ#%?ncgéoﬁé%gﬁglrv gﬁ 3‘%"3%3? ]?‘?)1& {3;@& 6:% 22@%@? @“\Sf FSt he
products, obtpplieédo fheammbhsionapdiem.tthe compfouhde) chfvpoeli (1) ong. dhe gaminglg t o t he

30 present invention. serving.tq redyce.the jinput enerqgy required to
soh! eve Whe Y GRcERIBEL 166k0 1 S ontitichr et Wi e SRR BEGCE ene
conpri si ng papglied ke thel doinbosionsykdin and @hieh @s@piisesibd fuel exdheysd piddate of t he
system and desjgned far pernmanent operat,ion, WO 02/18398 28 February 2005
5] GB01/ 038SRINBOR RIS CIHMERGE BTG e 8t o 12k BIdes: OMPURBY ¢ ho
conposi t i onef el tndPoksibly Iricating 51t bf othé\b@FiniOiirinHastd rhdi@ialeRethinor costly
addi ti onal asures. or i nstaldl ations, e.g. burn,eﬁs, .electri,c hgaters or
addi ti onal 3 eompustionsy¥em pEoduses,combystipmBrograts yhish cepiealR consais sdr ti cl es
whi ch hayge hagn fatduti®d Thd conlhisorBRGSCtS Bﬁ&in?éﬁdiﬂ @eCconttiubdd of fRPS, €. 9.
5 diesel particle filter _traps, can be manufactured cost-effectjively for
per manent u$eMPYFtGRoatcoTdinegle Hedpresesh Bivertiopesnd tich. comprisesnenlidvisey, T f
desi red, oneco,%im%;gr §ebibs sh& 2829 SR e theadalbbh-8RRY JIRRAMEESakRY be

enpl oyed in which case their effectivéness and/or cost "effectiveness,
parti cul ar | yntigpaiele mizadriy the axbayst gases frnwel the omipsiion system and the particulate

material is filtered out by the particle filter trap. Whilst not wishing to be bound by

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

are present in the exhaust side of the system and designed for permanent operation,




t he exhaust gas tenperature, may be enhanced by the use of the conposition
according 10 to the present invention, or lower treat rates (i.e. level of
addition to the fuel) of the conpound(s) of fornula (1) may be used. It is
bel i eved tp@hyisae i Nti mate mxing of the carbon-based ﬁﬁﬁﬁggﬁmﬁgggiand t he
particul ate material present in the conbustion products o{ "he” conposi tion
according 15 to the present invention results in: at |least a portion of
the. surface of the carbon-based parti gyl ates being coated with solid
conbustion products of the conmposition according to the present invention;
20 25 (C). at least a portion of the surface of solid conbustion products

of the conpmdivthidnthacseeddo bhg régendrited, the sendf thevempdsiviond eicoglingoiatibel Wi t h

t he carbon-based par.ticul.ates; [or_solid conbustion .pr cts of the
conpostt  on PRAEB BT} BYiRLES pedlr ook Gutobl TR B AERS <H xeq wi
particl es ofbuidess, ckehidrhehrsad adfitiohd] cdlabitie Systéng ffor bilrhing dfhthecarfpasi ti ons
according tq the present .invention are ered into the O fuel, e.g. from
2 el v coesntimartciipaphion Bve Becs Biried oufntiic means G apsticte lter 5% k.
take plage sdiel partidle e ehe chtlOb rhfnmfdRRld @t-tffectiidy FoNPatihhdP usy St em

e.g. an internal combustion engjne present in_a vehicle. Aternatively,
the met er ed YEEWEt Jaggy additional expenditpge. oA Hemattygly; 7 desiresh (g ynrp b the  ~

PCT/ GBO1/ 03&BdvdB¥ntioh®] RO Cmehsaked RlafCBe Ay Nl tddicafcagy thde fuel is
charged to the fuel tank supplying the conbustion system e.g. the fuel

tank of a véRpetivensnani/enre pserparticglasly evheresexin Taehichuread teaittust i on
engi ne |0C3ttﬁé%ﬁh&;s§§%t¥r§4§@r&&%;m§y§é’e§]h& B %o S%diafhdsRiol hBrdRTP! €551 o

spont aneous ignition engl nes are typical convent 1 ¢ fuel's for such
engi nes, 10parte theypresent/ingention) orflopsr, traahratagdi.edevs] otipdsitian, toithe Bgbidfiteen t o hi gh

conpr essi on cﬁﬁ@%@?gyﬁ{&ﬂ?mhﬁ?bgﬂ&hpes’ referred to herei nabove, the
ng to p

conposi tions accor esent invention nmay be used in other types
of 10 conbustion systens wherein particulate em ssions are regarded as a

probl em fO is believed that the intimate mixing of the carbon-based particulates and the

particulate material present in the combustion products of the composition according

15 to the present invention results in:

{a).  at least a portion of the surface of the carbon-based particulates being
coated with solid combustion products of the composition according to

the present invention;
20
(b). at least a porfion 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




exanpl e, spark ignition engines using ‘gasol i ne, and especially gasoline
~direct injection engines. \Wen the conbustion systemis an internal
conbustion engine on a vehicle and a 15 conposition aggordlng tos}he
present i is supplied to the fuel froma suppl ocat ed
on the veﬁ%@ﬁgigﬁ is particularly advantageous for thecgﬁ%%ﬁﬁﬂg%Zntainer
to be as small as possible since this is space and wei ght conserving. In
order that the supply container for the conposition according to the
present invention can be kept as small as possible, the conposition
according to the present invention should 20 preferably be of a relatlvely
hi gh concentm#t ifcﬂ'rbxwinp]h 1ake plcd ad or sHoetlycafhg ahunfheb)s ahbrged oo thel mel(tm)k
Secondl y, when .t.he _co si.tion according to,t ventl

rot or ed | nt GUERHLE (6 ORPRRon SR s ool ol gk RO T Sy Bl a (1)
in the conpaédhisum i6@6M ebnibvitidd@ngifie Pested in thdradhidxcessi ve requi rerrent S
need to be inposed upon the accuracy of the netering operation in order to
achi eve permanent and 25 constant nmetering into the fuel. A concentration

of iron up tmck thRK¥iaP Ve i Bfh RYmpREGH spbitaduaizhaipe e esawgpﬁany in the
corrp05| tl on accordi n%@t o the pr esent | nventi on. Pr, ef e a e conposi t1on

t
has an irorfoBGHtienR %sfarps%ewwﬂmagﬁéwsmw ]&B‘lh Ep to 7 % by
wei ght. An 30 even nore preferred conposition has an iron content of from
2.0-5 % by weight, and a yet nore preferred conp05|t|on has an_ iron
content of flr ﬂzorstoang?b deyrpyRssie spontageque ignifinnyengines refgsdye hegaghove,
PCT/ GB01/ 03 I f ve a
hi gh degreezg%f7 Jr@f% I %%od?&o |§ng?§1§ HM%% f%r%%?gﬂrghﬁ&gﬂjkl ?13 in the
di | uent M mamubumon pyssen twherein pv‘tleldatp@gmsmﬁ are pegerdgd 95 a probleowgesi ti on
conprising tJ nt
shoul d have en] ;’9&?&@%{, ﬁ% a%ﬁnfe%’ﬁﬂ%?a Séﬂg)ea&\?\n%ééeeg%g Ees;og?%c}%ctrlg g%&he
part.i cul ar, emglnm‘.abl lity problenms should result within the range of from
-25Cto +90C, and preferably within the range of from-40C to +90C. Wil st
rel atively high tenperatures generally do not cause any problens if the
vapour pressWhen the cohbugtivnrsystem ioman ditbmelntonstmkifet enginesometvekicleesdiae at

high te eratures,. t he tabll | ow t e roblemw th
Ty |+ o oGt TR e e P digndt Bophed foca B Bokl £ &Yy boen
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that the supply container for the composition according to the present invention can be

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




give a solution having an iron content of up to 10 wt. % are stable down

to - 25C, and partially stable down to - 40C and beyond. Further, it has

been found that 2,2- bisferrocenyl propane solutions containing 2.5 Wt %
iron are stable at 15 - 40C. The diluent or carrier is2 F?b@kaabz San
organic sdY 3¥n which the conpound(s) of fornula (I C .05.038? e gem nal
bi sferrocenyl al kanes, is/are dissolved. Suitable organic solvents include
hi ghly aromatic solvents in which the ggnpound(s) of formula (1), 20 e.g.

t he gem nal bisferrocenyl al kanes, is/are highly sol uble. However, if
desired a non-aromatic or |ow aromatic solvent may be used. In the case of
non- ar omat i Nobpalycshould rtesresmmpugd(s) efifosmult (B bars o highedegodeudsisplubilitiodr t he

conmpound(s) f fornula 1), therein. wll I [ Ny ' . aromati c
ol vent s bupreBLEy Rty SEPERT inh sitveafolRURLo (AR B SRR PR ' D,
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carbon atgns a oi | j ng range, of. 0 and a total, aronmatic
subst ance cd‘ﬂ?"éﬁts%'fﬁj@g%eﬁ@e%egﬁ?%L? BEPYE; & GViF | RGP FES A Wol vent
such - as st hiparticelal LidT60stli T MrdblEms Ahowidl vl agiehi fthe Fpe @fi fromk —25°C to

bi sf errocenyl al kane conpounds is that the viscosity of - 30 co sitions
accor di ng t&99%ab‘ﬁB@&‘ﬁblﬁWﬁ%@%ﬁﬁ&%ﬂ%&tgﬁg%ﬂowmvgg% t 00

greatly incrggsed,w Eéﬂe%llsr% nb QAR GhdHidhsCif iR Vour PRissurs Brthd clier Wi se

- have adverse ‘effects upon the punpability of the cofpositions and coul d,
for exanpl eorrdbgntt sqleptedDisnnpt) 8BWEsIve ah ighe mpsrajurerg e stabilital 1093897

difficultiegedn, a6k ﬁ%%&ﬂ@m%@xg%ﬁéﬁﬁﬂ?%ﬂc B 40 fhe r6pBaSEhiON, the
viscosity of ~ conpositions according to the present invention, containing
one or nidr e sgeprisinglly bresf eshowuentpital kiafegroessiipoalianeand itendingg geminglon
nPas at & t SRR op 2 bEREeb el ARILEth LAY siIS o O 2

i nvent i on argiveta/milutioh|hgviag apliror dodtent tofi @p fta &0 why2, are atablecdowa toet25°C.ng uni t,

e.g. by neans,of . t.eri,n o N antJ tie h that.th ifon content
Chareof 1o dnd PrgBnRAtic i B TR0 e diitg FxFies Hils b fopatfipel 227
quantity of bidkeroceuypropaiesplutibnd conainig 1.3t %drdneresabdeiatt 0 t he fuel should

be great,_10 e 9¢1gh to ensure optimum possi ble burning off of the
car bon- bdsed Parti cul ates from )

‘The diluent or carrier is preferably an organic solvent in which the compound(s) of
formula (1), e.g. the geminal bisferrocenylalkanes, is/are dissolved., Suitable organic
solvents include highly aromatic solvents in which the compound(s) of formula (I),

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

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




the particle filter but, on the other hand, should not be excessively high
fromthe point of view of cost and the eventual parti al or conpl ete .
bl ockage of the particulate filter trap that may occur to ash deri ved
fromthe agglidissyg to the fuel of an excessive anount é%g nd(s) of
formula (1). An iron content of the fuel within the 15 range of 1- -25 ppm
has proven advantageous, the optinum range being 5-15 ppm in particular
in the preferred conmbustion system (i.é&9 high conpressi on spontaneous
ignition engines). If the conpound(s) of fornula (I) are liquid at anbient
t enper at ur e, preferabl 20 liquid at from-25C to +90C,. and npre
preferably |¢$§&&eﬁe % % Withea I”GFB“F% 8vp-4 fchis,copgestion, the Kiseosityal, pe

possi bl e t 0 deEMositedd £RBRMING (15 pké%erﬁ%%nﬂ@sﬁ‘c&n% ohé @r REdRS @BhinkVeNt i on
in the absence of carrier or diluent. Accordin urther aspects of the

present i nveitFareerydkaesomppimsAod davingsn irgmeo 052 5g6 by eight, is less
bi sferr ocenyth%ﬁ{’ kPG RoxiRatBly ef agﬁbhﬁﬁﬁﬁsrﬁ%?%eﬂt&@%?—%"és an additive for

liquid fuel s for operation o conpressi on spontaneous ignition
engi nes (®.g. diesel engines) with downstreamparticle filter systens.

Preferably,

2, 2-bi sferroceﬁ‘{/oPi%l ?fggr?g@ng%%ﬁe%r ﬁ%gﬁeﬁwb 15@{}%%% V\ggsr'ilp?lhqg t? 1;uteélrbryocenyl
fragnents i sméaps primpigring vt egdtyodeang ol mdpmapmnn(quaemmrsudﬂthamlm) whi ch
may be branghe I ght ,chal i n

bi sferrocenyP) gﬁ%‘éh{e&. 9;} %,?g-agipggleﬁdrl%ce 3{1 gﬁll%é hﬁﬁgﬁ%ehebri dge
bet ween t he duantity ef ﬂmcmm;aiouﬁd(e)g)fet’oﬂmla &) mbala&dm‘letovme fuel shionldBbe gﬂuﬁZ/ 18398
20 PCT/ 1/ 03 7 28 Februar artlc al |

carbon a %%cfor?{ﬁué B?tgl? @Fe #Pg hctﬁr%’°8‘(r)?3§eﬂ ﬁiﬁ%@lﬁé "to 8,
parti cul arI )the?pdrﬁclélﬁltﬁﬁmmhaﬂld ch@]:hmﬁﬁﬁmm;ﬁkﬁﬁﬁxcesdﬂfe@ Kigk B, thé hﬁmgem nal
bi sf errocenyl al ka e. errocen ane, is, 2,2 ,

bi sf-errocenyit it (%%Cé’ﬁ g%tb?é P’&‘zwﬂaipﬁ r"i‘fcrﬂﬁges‘?féf‘? BElAte filltihe, e. g.
2, 2- bi sf er r- appridt ahdsadteur de todsrsa@ivwﬁomrthaad@ﬁeﬁw he F@J VEBE exdRbsifecr ably in
a highly aromatic | vent . rab the .concentration of the gem na

|
bi sf er r ocen I 9fcthe gogpond @ 05 Qﬂm@!a?/@c |iEpnicopEnt phthe el swthjedie | s at a
level sugh thak o&‘h92§ﬁﬁ1ﬂ%§ﬂo€éﬁmd%ﬂt§ge&% thie' PR aBf by §115 ppf, Mei ght

percent, preferably 1 to 7 weight percent, nore
particular in the preferred combustion system (ie. high compression spontaneous

ignition engines).

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

the present invention in the absence of carrier or diluent.

According to further aspects of the present invention there are provided:
25 e The use of geminal bisferrocenylalkanes, e.g. 2,2-bisferrocenylalkanes, as an
additive for liquid fuels for operation of high compression spontaneous ignition

Hengines (e.g. diesel engines) with downstream particle filter systems.
¢ Preferably, in the geminal bisferrocenylalkanes, e.g. 2,2-bisferrocenyl-alkanes,
the alkane bridge between the two ferrocenyl fragments is formed by a saturated

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

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




10 preferably 2.0 to 5 weight percent and especially 2.5-5 weight percent.
Preferably, the solution exhibits cold tenperature stability down to at
| east -25C, in particular, dowmn to at |least -40C. Preferably, the

sol ution exdidisiss a viscosity of <25nPas , e€.g. <24nPagR-Lsipnas703 ron
content of 2.5 weight percent at a tenperature of -40C. 15 Preferably, the
hi ghly aromatic solvent is a highly aromatic solvent with aromatic

subst ance content of >98% by weight. Poeferably, the highly aromatic
solvent is-a highly aromatic solvent with aromatic substances within the
range of 9-16 carbon atons and a b0|I|ng range _of >170 - 295C an a total

aromati ¢ subst aREECHUAHY & f 4.5ppesigly s nSArked; dievms, apghmoteprefershly) s agr
sol vent is PLUTER® ailRiiRvith Pfoesf E&rﬁ&h&ﬂ ihe, aéﬂeamhpﬁ cQbok A8mgem nal

bi sf errocenyl al kane, e. - bi sf errocenyl al kane, is dosed into the fuel
before (1 1% @eddaublidbopmind bimocriakig, o g A2 Wekunccor e feogen | na
bi sferrocenyl al Isg &{ygn, I?Em% bi sferrocenyl al kane, is dosed to the fuel
such t hat thelron Content the fuel is 25 0.1 to 100 ppm nore
preferablsy 1 teo Pﬁerpl;ﬂm tteen derpinatt bnsfahaa:dnylaﬂcah@ 4.5 p,ﬁrhxsfarcmémddkdny ione or
‘nore of the four dcexlgentadle rin

bi sferrocenyl al Q’:ﬁﬁ gh ogane ﬁ‘%i‘éeflérpfeg%éﬁvllﬁ?ﬁlﬁﬁ&arqwgﬁ%lﬁﬂnt ly of one

~another is sub$£dféru$132 the€cc@icentaidn ©F tad gbmaal bifLroddnylalkage, 08 Veth 1 to 4
carbon atons, preferably an ethyl S.a substjtuen For

exanpl e, each o I qﬁf@cw kan@@ﬂ@g?é?’&ﬁ@ﬁ%%ﬁlgﬁ@lu thejdh @eg%i%gmut ed. WO
02/18398 21 28 kghickmen AUPR10 RekhChddR; rabfgxﬁft@vabéxgh peRkt, ffags t wo

bri dged rings each carry a substituent, andﬁﬁre erabl such substituents

are the Wanme (eP@fer@iﬂYEtOHW“@%gbUiFfwmmﬁﬁéP@ BWSW eftel e filter
~systens are dgsipgh &%1&3?@&6%03 Yird 3R Tslfnp raﬁfees%mffdo@mtat&%t“cl es are

burnt off as a resu tlono e gem
bi sf.errocenyl al kKZhit€, mqnaglculaa;,ﬂe\mmfaﬁaasteéﬁfﬂ al kane, to the fuel.

Preferably, the_li e nventi gna pr e i on,
spont aneoﬁs i gnFig f%%bl ‘Lrj?fg‘éhonﬁgp’ﬁ&%%f”ﬁ?qsgyﬂkéuﬁa?ugg <4}'H§ﬁaﬁrd’r' >

bi odi esel . The GeRABORédLPNS wRAOPccAat berhRPatRe@$ MPC] Nventi on n'ay for
exanpl e, conprise one
15 o Preferably, the highly aromatic solvent is a highly aromatic solvent with

aromatic substance content of >98% by weight.

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

20 " example of such a solvent is PLUTOsol APF.

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

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

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

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

30 cyclopentadienyl rings may be substituted.




10 or nore additives in addition to the compound of fornula (1), for
exanmple, to inprove various aspects of the fuel to which the composition is

~typically added or to inmprove var ious aspects of the conbustion system

per f or mance, itabl e additional additives :include deg 2 rier
Sy R

oi'ls, anti ¥Rts, corrosion inhibitors, colour stabi met al

deacti vators, cetane nunber inprovers, other conbustion inprovers,
antifoans, 15 pour point depressants, gl d filter plugging depressants, wax
anti-settling additives, dispersants, reodorants, dyes, snoke ,
suppressants, lubricity agents, and other  particulate filter regeneration
addi tives. | n eaBebfdralln dndy teclivgdridged Hings @gie narad substibntpand prefeeablyi | t er
traps located in the exhaust . 20 seé/@tem %];V a co)fnbusti on systemfor fuel, it
i s believed thatPEbEGERS e ho e ot N 8Pk he present invention may,

when present isN PkdpRalsl RS Bdi A8 fifdSshyGBm Sl bite | dBEgned PiTQULE bivedy thi: filtBRdoue! , gi ve
rise to i nproved conbustion of the fuel and thus have a ﬂDOSI tive jnfluence
¢

upon the exhausgoqjarerieles @ee bumt 1off a5y eciesitlt of 8% tadgitions pf ther grmfpal

provi des sa met hegembciialifake, 0%, 820R0RRERAaIRREA0 Bidigell 0 the invention,
- which conprises extracting the conpound with carbon dioxide, typically

supercritical oc&rafaablyi the dignidThe! fisl & ovinmentioral nfieb sfom righeasepmession. t o
illustrate certg| ' t -] [ WO 02/ 18398 28
GBO1/ 03897 22 E%BE’E@‘%%%%%F%%E’@&%%&% Qitgp @f@’é,ﬁ% el i | ty of

ferrocene in the highly aromatic sol vent PLUTGsolTM APF was found to be
1.5 % by wei in relation.to the iron.content o

ht g t | utj d at -
300 s £ ouridsiegBefons st AREHL oS piek L R Ao e e fimiE) d8hgie B
2, 2- bi sf1@r r ae ewyd pldipeniy additide to thh eopaaid toff foasiuli{Bcfoo sxemingile) téompeaveat | ve
Example 1, saqlution it h iron gontent .of .7.5.% b ight.were found to
be. St abl e wi EHBHREESH Lo Do B 5o BPosidhn iAnBighly P sf 1 infiote
2, 2-bi sf er r aafiousl dspeepectahd ontbustdobisibm pforndnic Buitdbleciiditionileadtitiofbs 2.5 %
‘wei gh f h i i f 8. f
P){ 5\é\fl ght V\'lan?t:zlu eu e(tjerée?lts, %;./rrexeraoii/sl, %tﬁgélﬁ%lts? cor?os?onnlj;ﬁi%itg}s, goléuex’rgga%glfasterg,r €0
metal deactivators, cetane number improvers, other combustion improvers, antifoams,
15  pour point depressants, cold filter plugging depressants, wax anti-settling additives, B
dispersants, reodorants, dyes, smoke suppressants, lubricity agents, and other

particulate filter regeneration additives.

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

positive influence upon the exhaust gas values,

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

- dioxide, typically supercritical carbon dioxide.

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

30  invention,




and of 21 nPas at a tenperature of - 40C. Further vi scosity/tenperature

__observations are given in Table | below. Table 1 20 Exanple 3 Tenperature .

[CViscosity [nPas] - 4021.0 - 3014.8 - 2010.5 -158.6 - 106.8 04.8 202.7
252.5 402.42050Rs8 602.0 902.0 Table 2 shows,’ for a sol 8E&HURN43000

2, 2- bi sferrocenyl propane in PLUTGsoff APF with an iron content of 2.5 % by
wei ght, the observed vapour pressure behaviour of the 25 solution-in
dependency on tenperature. WO 02/18398223 Tabl e 2 PCT/ GB01/ 03897 28
February 2005 Tenperature Vapour Pressure [Cnbar 201 402 503 605

EXAMPLES

Comparative Example 1:
5  At-15°C, the solubility of ferrocene in the highly aromatic solvent PLUTOsol™ APE

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

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

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

any problems.

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

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

are given in Table 1 below.

Table 1
Temperature [°C] Viscosity [mPas]
- 40 21.0
- 30 14.8
- 20 10.5
- 15 8.6
-10 6.8
0 4.8
20 27
25 2.5
40 ‘ 2.2
50 2.2
60 20
- %0 - 240

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,




708 8013 9020 5 Exanple 4 Fuel Stability, ASTM D2274(1) Table 3 10 DF,
_clear(2) DF(3), 2,2 bisferrocenyl propane as additive (20 miron) Colour
No. Start of Test<0.5<0.5 End of Test<1.0<1.0 Filter As;essnent 5%35 cl ear(2)

DF(3) 2, 2-hi ocenyl propane as additive (20 miron) ?‘ uar
insoluble§$¢ﬁ%§%%able00 and adherent [ng/100m ] (a) Fue(gzé%?ﬁ%wét 95C over
16 brs with air, subsequent filtration and assessnent of the filtration
pad (Watman No. 1; 11m). Two-fold assegsnents were carried out each tine.
15 t2) DF, clear = diesel fuel with no 2;2-bisferrocenyl propane as
additive. t3) DF = diesel fuel. This Exanpl e denonstrates that the
presence of 2, 2-bisferrocenyl propane in the fuel does not adversely affect
the stability of the fuel. 20 Exanple 5 Fuel Stability Tests According to

two in-house test nethods ZF_MILﬂleBQEB 24 Test Methad 1: 28 February 2005
PCT/ GB01/ 03897 A fresh sanpf g%mW%se f uegzbl’"'%?eé?é‘aecr i bed|in Table 7 bel ow,
from storage under 20] ] =
40 2
50 3
60 5
70 8 LY
80 13
90 20
5 Example4
Fuel Stability, ASTM D2274®
Table 3
DF, clear™ DFY, 2,2-bisferrocenylpropans as
additive (20 ppm iron)
Colour No. Start of Test <0.5 <0.5
] End of Test <10 <10
10 Filier Assessment
DF, clear™ DFY, 2,2-bisferrocenylpropane as
additive (20 ppm iron}
Total insolubles/filterable 0 0
and adherent {mpg/100mi]

O 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 catried 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




nltrogen bl anket at -7C to 5C, was filtered through a No. 4 Gooch crucible
filter 5 containing two Reeves Angel 2.4 cmglass fibre filter papers and
the . colour determ ned according to ASTM D1500. 100 cnB sarrpl es of the,
fuel were ggﬂw”%har ged to scrupul ously cl eaned borosi 2

screwcap (cap contains a 6 mm vent hole) bottles (Conl i ng Addi tive
stock solutions were then added to fuel sanples as appropriate and t he
fuel colour re-determ ned. The sanples yere then 10 pronptly placed in an
expl osi on- proof oven set at 80C 2C. Sarrpl es were aged for 7 days at this
tenperature before renoval and cooling in the absence of strong light to
anbi ent (21 TestMeBd)1:0ver a period of between 3 and 24 hours. The entire
fuel sanples were then each filtered under vacuumthrough separate 4.25 15
cmNo. 1 Whatrman filter papers (referred to below as "original filter
paper") hel dAiﬂ"bsH shdnblel gfobRe fiudl! & désolilstar inaTsbtertyl beldsat fromicstora@é2thded 7 20.

The filter ers re then edblefl i n_separ acu fl asks
whi 1t the CHPORR RAKEHE 71 102y T cHerctuaygh 8 dobowy: TP B850, The
borosi | i cat onﬁﬁm&ge RO RV \MREE izheanr%la@eﬁbw Fier PEPLRY ahd ahd GuRLS Of
i so-octane, and the washi ng%s flltered t roughathe regéectlve ori |naI 20

filter paperdstemmingg agcording to AT 08y 100 s sapdes oleothe, Telswerg
| so-octane afggedhd l&ﬁlyaéléanﬁld Yoroflitl I%Est @di'@v@-c Welap cbithiad e\fpﬁn

Ref | ect ometer) |s i dea then used to ra |Iter paper to ellmnate

t he possi bi |Yepthele) %ﬂ@r fnmﬁla@)an%ﬁcﬁmwrs@w Siohmem wpertharpaddod to fu
conpar abi | 1ty lHOVe UEEop e b ﬁié%el%d@fr%-dlﬂ%nﬁﬁ&d a‘tﬁ% s 2hbIEs whid eché I ter

papers nay (as on tg s occasi on) be visually rated r contam natl on by
conpar i skh tmomp’olmdawgmgiwwlosen-pmofsvmaatcw“c 1286 e Sanplecierrd sgaddbe bet ween

1 (white) a dark sul. t thod are
gi ven i n Tact 98 et atmSher e R hna cdiPe i e sh R P ebond B B aohi

st andar ds agaibitsit (A18C &s 26°Cndven g peritfd ABELEEDS ardB2HAB3897 Ref | ect onet er

readi ng Visual Fuel Stability Rating Quality of stability (%

Ref | ecti on) ( Phot ogr aphi c standard no.) 80-1001-3Excel |l ent 65-794-6CGood

55- 647- 9Var diidadntire fuel samples were then each filtered under vacuum through separate 4.25

15 cm No. 1 Whatman filier papers (referred to below as “original filter paper”) held in 2
Millipore filter holder assembly Cat. No. XX20 047 20. The filter papers were then
stored briefly in separate vacuum flasks whilst the colour of the filtered fuel was
determined by ASTM D1500. The borosilicate sample bottles were then rinsed with
several aliquots of iso-octane, and the washings filtered through the respective original

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

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

25  comparability. However, where such a meter is not available, the filter papers may (as
on, Ehis 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




30-5410- 1 5Poor 0-2916-20Very poor Test Method 2: The procedure for the
ageing of the fuel was identical to that of Test Method 1 but 5 there were
slight differences in the analysis. In this test nmethod the adherent

materi al r ased fromthe walls of the :sanple bot£8ge aWSng with
trisol ven\tw(f'lzzn%gﬁ nmet hanol : acet one: t ol uene), re-preci pri?(tgé&élg W't h

| so-octane, collected on a separate filter paper and rated separately.
Additionally, a weight of filterable and adherent deposits was obtained

t hrough wei ghing of the dried filter papers before and after 10

filtration. Results fromthis test nethod are given in Table 5 bel ow. Base

D esel Ferrocene2; 2- bi sferrocenyl Oct an@afiel 1) propane .
Addi ti veAdd) t i Bedleginicte; rgading 20 ppﬁﬁ@#‘ﬁwamﬁiﬁmi r gn) ( 2Quapip efisiabiti) Tdst
Met hod 2Tes {pRpllect togrephi ¥c 0. 5< 0 5<0 5< 1.0

Fi ni sh<0. 5<P. 5<0. 51 8YFi | t er abl eVi sual 2115 Resi dues raé@%f | ect gnce

(0/.)989897| , Wi ghg§:@21141512 Adher ent Vi gg1al 111 Resdi dues

éuﬂ?Ref | eqt ance
(9% 989898 Wi ght (ng)-800 (1) ¢ctanoat ejgisconmerci gl i ron gggpl ex, |rjon
tris(2-ethylhexanoaxz). 15 1 = valueldmr conbi ndd filt vapper and adherent
- residues. Clearly fuel containing the comercial iron conplex shows

mar kedl y | ovBest Metlid4:ty under this test than do those containing
ferrocene ang 2, 2-hi sferpocenyl p .. The stabi]it f th erial of
the current nﬂ?ﬁﬁé‘ﬂ?ﬂ?&’ﬁ ﬁ%%ﬁg%ﬁg Pt%@iwﬁdgﬂmﬁ%lat[’ t %ﬁﬁ%@‘ﬁﬁ% t he
parent capotad vekeslight@TendB th the khalpeid. Yinithig kest inbiod thealheperdt heerfahat  of

untreated fuel. _Tahle 5 Results. (From Test t hod. 2, nl ess ot herw se
stated 25  Was released from the Wéﬂs of t{'ne sample %otﬂe Y wasging wi mesolvent 1:1:1

methanol:acetone:toluens), re-precipitated with iso-octane, collected on a separate

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

deposits was obtained through weighing of the dried filter papers before and after
10  filtration. Results from. this test method are given in Table 5 below.

. Fable5
Results (From Test Method 2, unless otherwise stated)
Base Diesel Ferrocene  |2,2-bisferrocenyl] Qptanoate(1)
propane
Additive Additive Addifive

(20 ppm iron) | (20 ppm iron) | (20 ppm iron)

Test Method 2 | Test Method 2 | Test Method 1

Colour Start - <05 <0.5 <0.5 <10
Finish <0.5 <0.5 <Q.5 1.5
Filterable Vistal 1 1 1 15
Residues rating Reflectance (%) 98 o8 97
(Weight (mg) i4 15 12
Adherent Visual 1 1 1
’Residues rating [Reflectance (24) 98 98 98
eight (mg) e 0 0

O Octanoate = commercial iron complex, Iron tris(2-ethylhexanoate).

15  * =value for combined filirable and adherent residues.

Cléarly 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.




Table 4 WD 02/ 18398 26 Exanple 6 TEST METHOD 28 February 2005

PCT/ GB01/ 03897 A suitable engine test procedure to allow performance
screening for candidate fuel 5 additives and different DPF (diesel
particul a ilter) technologies is as set out bel ow Went and
f or m of tw(% ?1{13%95 are nore fully set out by ' "R Terry %%ﬁ@ﬁ ds in "
Met hod for Assessing the Low Tenperature Regeneratlon Per f or mance

Diesel Particulate Filters and Fuel - bogge Catal ysts" SAE 2000-01- 1922. The
test method used in this Exanple was as set out in the above-nentioned SAE
10 2000-01-1922 and was as follows: A set of five test points fromwthin
the nmuch | arByemple#t ri x for engi ne operation was used as set out belowin
Table 6, the five test points are marked with a *. Table 6: Test nmatrix
Engi ne Speed (rev/mn) 1260155027103000 5 Engi nel0 Torque N 20 ) ( 30 m
For each of TESBSMETRODcondi ti ons the engi ne was operated for 14 hours. To
protect the 15 DPF fromthermal damage, resulting from excessive soot
burnout, an ar r h of the
operati ng cdnarpErbinEAOE oL o QSR PolGhdd ershig Yok ot BT

i ncreased t additivesant diffeeot DPFt (digsed pa:a'uqlehe diltem) eechoologies js@s net out below.

The development and form of this test are more fully set out by B Terry and P

Richards in “A Method for Assessing the Low Temperature Regeneration Performance
of Diesel Particulate Filters and Fuel-borne Catalysts” SAE 2000-01-1922.

The test method used in this Example was as set out in the above-mentioned SAE
10 2000-01-1922 and was as follows:

A set of five test points from within the much larger matrix for engine operation was

used as set out below in Table 6, the five test points are marked with a *,

Table 6: Test matrix

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

For each of these test conditions the engine was operated for 14 hours. To protect the
15 DPF from thermal damage, resulting from excessive soot burnout, an arbitrary exhaust
back pressure limit was set for each of the operating conditions. If this limit was
reached the engine duty was increas_éd to raise the exhaust gas temperature to the point
where the trapped soot would oxidise (i.e. high duty operating conditions). If
however, the soot spontaneously oxidised during normal steady state operation then no
20  further action was required. The ;lrbitrary exhaust back pressure limit was set to 300
mbar for each of the operating conditions. The test protocol thus consisted of the

- following;

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



where .t he trapped soot woul d oxidise (i.e. high duty operating conditions).
| f  however, the soot spontaneously oxidised during normal steady state . _
operation then no 20 further action was required. The arhbitrary_exhaust
back presswoezissssit was set to 300 nbar for each of t

conditions. The test protocol thus consisted of the following;, 9 start the
engine, allowng a mnute for the engine fluids to begin to warm up. WO

02/ 18398 28 February 2005 PCT/ GB01/ 038%7 27 run for -a total of 70 hours
at the steady state operating conditions. run the engine at the high duty
operating condition to produce a forced regeneration in order to secure
soot burnout pti &mfpbatow?éoﬁ&how%@esmgatmp@auwomlﬁms he five operating
conditions in the sequence 3000/30, 1550110, 5 1260/5,2710/30 and 1550120.
An averagi ng W NE@WHeSerpile h'lpﬂéqﬁ?] 4B8! opRRing*Skton PloCHRMIE Alforbdie Start
and finish of the wi ndow is equal, thus ellmnatlng any warmup effects.
The mean exhaustrqsmatloﬂrlé%@'@S?%“Qﬂﬁéfrbmﬂp%tﬂﬁi@@ﬁt?%r| on for assessing
t he system perfornmance. The Iovver t he nean exhaust back pressure, the
better the Sk e Ri WHTBRG e nEMGhNG, thELURMEN004HE F3sBkoThe wor k
was undertaken using a Peugeot UD A engi ne nounted on a pal | et

ar rangemént 126045.eq 8/ W%p Oappropriate heat exchangers; el ectrical
connecti ons and connect ors for instrunentation signals. This pallet

ar rangenent A&P@rcf&%ﬁ@%ﬁ&ﬂv {sQet vpACIPMG RE exdtBidt pRAAES at (hE Sa® BEH Qs anonet er
was a Froude AGL50 eddy current ;15 machine controlled by the CP Eng| neering
Cadet - systinVingeyiinedushdhus climdpating ApeVamy P §1ToMs. e Tho Frepbsiharst back

aut omat i cal lpfeshife BUhdARE aSmt A GOk EQLEE Iod HLEARHR ekl PhelibgrSecondary
cool ant system supplies. The test bench waS controlled and data | ogged
using a CP iffperacrhavst tmskipressyges the better e sygem perigimsacanas of the indirect
injection (1DI) type, enploying a Ricardo Conet 20 type pre-chanber
desi'gn. 1phe 19N PRGINE] BQUIPRIENT AND FUMtE, nder, in-line with a single

over head canshaft oper ati ng two val ves per cylinder. The total swept vol une

of the engl,lgﬁ 1905 cnB. The engl ne was _naturally aspirated wth a 23.5
©1 conpr essitOR WEKkWas WKigrigken usingia HeugeethXHDRA snging Japunfedepn g dlietand Bosch

pintle type afrti@lemed &t &uSpped with appropriate heat exchangers, electrical connections

and connectors for instrumentation signals. This pallet arrangement was connected to

the engine test bench. The engine dynamometer was a Froude AG150 eddy current

15 machine controlled by the CP Engineering Cadet 'system. Engine operating
temperatures were controlled automatically by suitable 3-term controllers integrated
into the secondary coolant system supplies. The fest bench was conirolled and data
logged using a CP Engineering Cadet system.

The test engine was of the indirect injection (IDI) type, employing a Ricarde Comet
20  type pre-chamber design. The engine design was a four cylinder, in-line with a single
overhead camshaft operating two valves per cylinder. The total swept volume of the

3

engine was 1905 cm”, The engine was naturally aspirated with 2 23.5 : 1 compression

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

The engine exhaust system was modified to allow ready interchange of a center section
25  which could incorporate a selection of DPFs.

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




The engi ne exhaust systemwas nodified to allow ready interchange of a
centefr section 25 which could incorporate a selection of DPFs. The
non-additi sed base fuel used throughout this study was an EN 590
specification fuel. An analysis of the fuel' is given 28§F&biobey 2005\\0

02/ 18398 MO ¥UB¥Bary 2005 PCT/ GBO1/ 03897 28 Table 7 DesP&Tf(fﬁof’%qu (Utra
Low Sul fur Diesel) Sanple nunber92662 Density, Kg/litre @15C 8299 Density,
Kg/litre @20C0.8262 Viscosity, cSt @90 6811 C oud point, C7 our point,

C- 24 Sul phur content, ng/kg5 Distillation: 1BP(1) @C168.0 10% vol. @ C09.0
50% vol. @C69.5 90% vol. @C327.5 FBP(2) @C352.5 FlIA(4) analysis: vol.
Saturates8.6 vol. Odefins0.6 vol. Aromskrcs0.8 Cetane nunber52.8 Cal cul at ed

cetane index54.9 Elash point, C64.0 CNI 5 3% content., % v/v0, 000 G oss heat
of conbustion, CallBegdifib®4 Net heat of c jre how SUHr Dipged)4 33
- |Sample number 592662 '
ensity, Kg/litre @ 15°C 0.8299
Eensity, Kg/litre @ 20°C 0.8262
Viscosity, oSt @40°C 2.6811 )
Cloud point, °C -7
{Pour point, °C 24
Sulphur content, mg/kg 35
IDistillation:
BP® @°C 168.0
10% vol. @ °C 209.0
50% vol. @ °C 269.5 !
90% vol. @ °C 327.5
FBP? @°C 352.5
[FIA® analysis:
% vol. Saturates; 78.6
% vol. Olefins 0.6
% vol. Aromatics 20.8
Cetane number 52.8
Calculated cetane index - 54,9
|Fiash point, °C . 64.0
CNI® content, % v/iv 0.000
Gross heat of combustion, Cai!g - (11194
Net 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)




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

| mprover (4)= Fluorescent. | ndicator Adsorption (I'P 156192 and ASTM D

~ 1319-88) WD 02/18398 29 COVPARI SON OF ADDI TI VES To det erni ne whet her
running t ngine at these conditions woul d discrimn3g g@gﬁﬁ

di fferent J@Fg%%rne catal ysts, tests were run using fé?&%%%ﬁ and 2,2 5
di ferrocenyl propane as fuel additive. Both were used at the appropriate
treat rate to give a total of 20 ppmaf nmetal in the fuel. The additives
were both tested in the sane SiC DPF (Silicon carbide diesel particulate
filter). RESULTS Table 8 10 Engi ne condition (speed in rev/nn load in Nm
and pre-DPF pressures (nBar) for five key test conditions ferrocene

addi tive: CrCOMPXRISONOTADDINIVIES Max. *M n**Mean*** St andard Meah + 2(y
testDevi ation (nBar) (nmBar) 1260/53115407518110 1260/58111407416107

15501102134 738184 011072342411253 1550/ 20523420106851207
1550/ 201010156 1B SRR FEATE BT 78RS 76 TuSe SPBRIES It Kt
3000/ 3012709&&8&33&&&&1’: fuel-borne catalysts, tests were run using ferrocene and 2,2-

5  diferrocenylpropane as fuel additive. Both were used at the appropriate treat rate to
give a total of 20 ppm of metal in the fuel. The additives were both tested in the same
SiC DPF (silicon carbide diesel particulate filter),

RESULTS

Table §
10 Engine condition (speed in rev/min, load in Nm) and pre-DPF pressures (mBar) for five key test
conditions, ferrocene additive:
Condition Position in | Max.* Min*¥ | Mean*** G Mean + 26
test Standard (mnBar)
Deviation
| (mBar)
1260/5 3 115 40 75 18 110
1260/5 8 111 40 74 16 107
1550/10 2 134 26 167 38 184
1550/10 7 234 24 112 53 218
1550/20 5 234 20 1406 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.




3000/ 3062669518236253 * Max = t he maxi nmum pre- DPF pressure in mBar. ** Mn
= the m ni mnum pre-DPF pressure in nBar. *** Mean = the nean pre-DPF
pressure in nBar. WO 02/18398 30 28 February 2005 PCT/ GB01/ 03897 Table 9
Engi ne condi t.i (speed inrev/imn, load in:Nm and pr28 res (m
Bar) for %semggy test conditions, 2,2-diferrocenyl prﬁl E@er

Condi ti onPosition in test Max. M nMean6Mean + 2a 1260/ 53127488115112

1260/ 58151488824136 1550110220212101393¢6 155011072142811642201

1550/ 2051752485361 7 1550/2010131448617121 2710/ 3041831311598174 |
2710130917913115310172 3000/ 30118712315511176 3000/ 30621413518014208 5 From
Tables 8 and 9, conparing the two adcﬂ*ﬂ&ﬁes W thin each set clearly the

apd pre-DPF pressures (mBar) for fiv ve key fes
mor e r epr oduckHBsodiion (pepd 2 oy load gl el : bl e 10

Conparing the nean back preSsSures; TT andard deV| ations) for

the two addi t‘bn\&&{&n EngTcimeparg CEMRRAUUT e, 2500 | E Rdlmalagl Pr opane
additive 12 (18 74(10) 51'{95)‘88‘?@17_rg5pllu1 IFQ 112

(38) 112(53).(1);,50;59) TIH(42) 1550720106 4§ 51) Ie8 (38 B6(36] 8H(17) 710/ 30162
(18) 170(24) 15868 153 10) 300040187 [ (B3) 187016) 15584 1) T807614) 10 Fromt he

. above Tabl e{18¥1To ring ferfadene |ahd 2] P6bi sf<=#&oce1%lprop ne, it can be

1550/20 3 175 24 85 36 137,
1550/20 10 131 44 86 17 121
2710/30 4 133 131 159 3 174
2710430 9 179 131 153 10 172
3000/30 1 187 123 155 i1 176
3000/30 6 214 135 180 14 208

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.

i Table 10
Comparing the mean back pressures, in mBar, {and standard deviations) for the two additives. j
Condition Ferrocene additive 2,2-Diferrocenylpropane additive
1260/5 : 75(18) 74 (16) 81(15) 88 (24)
1556/10 197 (38) 112 (53) 101 (39) 116 (42)
1550/2¢ 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 regencration of particulate filter traps in diesel engines and by

implication in other combustion systems.

15  Example 7:

The existence of any effects on solubility and solution viscosity due to changes in the
substitution on the aromatic ring and/or on the bridging group was examined by
preparation of a series of bridged ferrocenes i.e. compounds according to formula 1 of
20 the present invention. Two sets of standard conditions were employed for the

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




seen that 2,2-bisferrocenyipropane is at |east as effective as, and
~possi bly superior to, ferrocene in the regeneration of particulate filter

traps in diesel engines and by inplication in other conbustion systens.

15. Exanple7. The existence of any effects on squbiIi%?Fah@agdﬂMEion

vi scosi ty MU P88changes in the substitution on the arSHatTE¢ ¥ hg and/ or
on the bridging group was exam ned by preparation of a series of bridged
ferrocenes i.e. conmpounds according to.formula 1 of 20 the present
invention. Two sets of standard conditi'ons were enployed for the
preparation and isdlation of these products, for use with un-substituted
and al kyl at efdrr¥¥on) 263381y Ivatfitibe bf thedeycodifibnd ©radacA@ptimetpgathesee! v.
Variation of these conditions to arrive at optinumsyniheses of particular
deri vat i ves, ofi partisalap idexiyatives, & parliruierdia r{lqa%mx?? dregyigd qy B%ﬁel?ﬂﬁwﬁ? mi se

formation of foahMRnPEFOLYCHDATHC fuch s HleB M LBRb dofEs” AEAREMAB dhdTefib: Se t he
effort required to separate the desired soluble products, is deenmed to be

within the seeptedde separain s desitef spluble prpdupfs, in deemadyta bg aibinsthe s¢ors of dged
ferrocenes: tiQse%EﬂlQ@fHﬂh a@Cid (98 w % H2S04, 196 g, 2.0 nol) was added
carefully to nethano %214.4 g, 6.7 nmol) in a conical flask. The solution
tenperature was mai ntained at bel ow 40C by cooling (ice<water bath) and
changing the addition rate. The solution was transferred to a jacketed,
wel |l -baffled one litre reactor equi pped with an overhead turbine agitator,
refl ux condePrspargtiogrof pridgeg féreoverels:;, t her nonet er and bottomoutlet. 15 The
reactor was then further charged with powlered ferrocene (130.2 g, 0.7 nol)
washed in with toluene (130 g). The reactor contents were then warnmed to
802C by thhe Slplawik aicido(®8ohilh d1S0i, | 196hy, ALl mol)t Wes pdilel etarefidlydtovwetbanobpi dl y

stirred to ¢ e enyl.si on of. Lh t hanol i hase and 2 I e
slurry. The @iﬁﬁcﬁ’&% FSnﬁﬁBlfn%‘m%‘. é?ﬁhonﬁe ?T‘g"ﬁﬁict?/‘gp%?ﬁ%e ‘(X%sm {gﬁle’gﬁagrged to
t he dr opgi nglaeﬂqmlzifc Bgﬂd?oaidgﬁde—d&@pl{;iﬁ)&nﬂ&hﬁﬂgmgrmaaddiﬁom ’ﬂiehlti?]:’ﬁl gl nut eﬁ
at -a substantia uniformrate. eactor contents were the , Wt
St rong. ag: t vt sttt e ed SRtmeR i PRt BRRERT ¢ o

anbi ent  t enpRMdEgEiafdy,eleflivg béndeder, \Wiepingl b ChBEndEieté tall | Hoied dutlét. on
cooling this was -renoved by filt rat%i)n.,- Furt her, -tol uezf{e 2213009) vi?s; t hen
added t ol% hehs taster prn ey, futhry chareed wathenodred femooepf G} 402 & 0-7'mol) = -

washed in with toluene (130 g).

The reactor contents were then warmed to 8042°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 afier 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% NaHCO; 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 varyi.ng amounts




stirring, water (10 cnB) was added, where required to ai d phase separation
and agitation stopped. The nethanol /sul phuric acid phase was then

separated and the organic phase washed with aqueous base (2 x 200 cnB 10%

NaHCO3 or hen 30 water (2 x 200 cnB),: dri ed ovek8&grh 5%0di um
sul phate ahd 4 %9rated by filtration to renove the drﬁcﬁbcé:?‘g " Crude
product m xture, contam nated by varying anmounts WO 02/18398 32

PCT/ GB01/ 03897 28 February 2005 of unpgact ed ferrocene was recovered by
removal of the toluene at the rotary évaporator. |solation of bridged
ferrocenes: Solid materials were ground in a pestle and nortar in the
presence, ofofhaptand ddthcedel Waeh&dvdred HYCEMRIvalS Of itlhls tolddhe 4 M6 adfry\as
repeated until thin |ayer chromatography (Merck Al um nium oxide 150 F254
(Type T) st PRHHPY phase, 3 to 4 parts EtOHto 1 H20 as nobil e phase)
indicated the solids to be substantially free of ferrocene. The 10 materi al
was then dissaolved in a miniml quantity of hot heptane, hot-filtered, then
recover ed byselaianofbsidgsdferespeson cool i ng. Crude products were on occasion
oils freggor substantially free of solids. The products were found to
phase-separate from heptane on refrigeration and so were separated 15 from
ferrocene, whilidhmateriale svereogtpndainme pestle ghdeostar ioalg| nieseiseoy rheptangard

noni t or ed by o] C i 1 oil and
ol d. " rir o MiskicCtg sERBE G e BiIERs RO iEhey CRREn RSy SO ReY s wns
nore |ikely @MertkeAppinioprdxideel 50iF2e (TepeZl) statioviry phasei 3 tand prts BiOHgtodund wi t h

heptane in -ﬁpﬂ r. i 1-nl PEELS, | 4 woul d
be di ssol ve ﬁé%lfl?gbm Iaﬁ%ﬁé@%&tﬁ?ﬂe g&eﬂgfggﬁgé g‘ﬁ%{engaupe# ri gera%g%?. jr%ere time
and quantd t ymagériatewasrthed dissphietl dlo k eniperaliquénsidy of hotalieptape; dwt-fitteredy theer e
performed. Again rification nethod sel ection and/ or progress was

noni -t ored byrgﬁvte:lfed = lsag%mr?ég?gn@brrpl ete renoval of ferrocene from
soli.d, oil or m xed phases was achieved by sublimation at < 0.6 nBar, 80C.

30 -Prepar at ié)n of Q&i d‘ged al kyl at.?sdﬁ_f erraqcen

rude products were ‘on occasion oils free or sui stangaﬁly 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
tle.

On occasion crude products comprised mixtures of oil and solid. Here, a judgement
was made as to which if the above techniques was more likely to be appropriate (i.e. a
20 sticky solid would be ground with heptane in a pestle and mortar, an oil containing
suspended solids would be dissolved in the minitnum 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
acﬂi'eved by sublimation at < 0.6 mBar, 80°C.

30  Preparation of bridged, alkylated ferrocenes:




WO 02/ 18398 PCT/ GB01/ 03897 28 February 2005 33 Al kyl ated ferrocenes
provi ded reaction products wi th carbonyl conpounds that were viscous oils
at anbi ent tenperature, becom ng highly nobile on warmng. Accordingly,
emul si ons i sing methanolic sul phuric acid and sol 20&& kyl at ed
ferrocenegafﬁp %%uene were treated with 0.5 eqU|vaIent§§gﬁagg$%onyl
conpound at 80C, as above. The organi c phases were separated, washed mnth
base and dried. Toluene solvent and uggeacted al kyl ated ferrocenes were
removed by distillation to | eave the products as oils. No further

i solation was required. Determ nation of Product Properties: 10 Iron
contents of AlkElatedrfptmnmwﬂﬁdtrﬁMD:e@erncts Mhbamosyimbmpwdmwavepm s (Leco
CHNS 932) . Txﬁéc%ué’"s gl e e Mehopbs g:k QcoB{;de‘iﬁ@ﬁy WEEBiId TohE

substantial | y"SoO unteact ed 8 oﬁy co unds, Or oxygen- congalnlng
reaction proﬁuwmhmﬁﬁemﬁdhmm Eenmmnmpenmhmmﬁmsa@hMﬂihedsaﬂbhdsmmmref

‘determ ned b a Fi nn| si.n

VDA 58 1 us Rl deihsfis) i JPIREE,Ner, e P TS eivitens b oot
t hi ckness) i doinipoand dtesmp(eaa}aum& 4?ﬁor§@ﬁ¢ipﬁaeass v?erésejhﬁtﬁdesraﬁeﬁ@ﬁﬁ baseanpi ng to
200C at 10Cm re ho or ector te ture 275C
He flow 40- s&"f’9 ﬁ%"t‘%‘ﬁtso (28} We@éﬁ ggﬂ Fﬁtwﬁﬁrrg’g?‘éﬁ% Weene.
Were sui tatthsﬁu@ﬁoiﬁtbaéakzwﬁpmaﬁ hPiks, wﬁlﬂhéa@omhb@wmquﬁddrt her

characterisation was performed using 'H and ' 3C nnmr (Bruker AC200).
I ntegration of cyclopentadienyl protons [shift range 4-4.5 ppm downfield

of TMS (t et rpgmEidivdish bfPBduct Prop&td: agai nst  those of any carbonyl -derived
bridging unit was used, where possible, to provide qualitative information

on the d]ébree of oligorrer formation. Al spectra were run in 25 C6D6

sol ution Wty fnkdns 6ietBQrs£1ﬁﬁesr %&t dsHfhated o-ﬁ'\@: bﬂ?&?(ﬁ%ﬁhﬂ%@n s (E85Pon at oms

were identified as hyl ene or nethyne, via th

(Di stortionl (éI§1§S B3Ba ﬁﬂ’é&r@ﬁﬂnﬁtﬁﬁhﬂb@u agolatest prodncisrwene fies. Jor swhstantiatyrgo, of

Solubility t 3’%@?{1 1 Bﬁt?xﬁj Bl o t from
CHN 30 ana y5| S. nglgqg[hﬁed%?g%no%% e grrocene r|Os tflgﬁv\%rgdt}o be 30
wt % that prEsseeneaonicun @8 thsaainples p\remaldﬁt@rslmvésbye@@M&pe@ lbpmﬁnfMérTence

T PES AEQTSENTES WSOy SOERALGESHEB Lor LBz T35 oy ©

mm id. 0.25p 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 CgDs] 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.relaiive 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)




34 sufficient to provide the required concentration of iron as condensation
..products were weighed into screwcap vials and nade up to 10.00 g with
t ol uene. The sanples were. capped, shaken or swirled until honogenous then
seal ed usi filmMm The vials were then kept in agg 05

gl ycol /vvatvvek?d{oﬁfylaed bath held at -30C and periodically ﬁgs%% ed for the
appearance of solids or separation of |liquid phases. After at |east one
week solids were separated by rapid fiB#ration and sol ubl e products

i sol at ed by rermval of solvent under vacuum Follow ng anal ysis of the

sol i ds, ITB.XI m sol ybi it re estimated fromthe mass |
ool . 1o DHELARR, prlale Be R AR Qe B3n P, et R R R e g
Bohl i n Inst rw&@&HSnto@Mavrdaﬁmt&ﬂmbﬂbﬁlgtoalﬂ‘]OM@w{’fH‘tcﬂ@dite Tnélsapipidsavedd shear
rates of either Pa or 0.5 Pa. Table 11: Theoretical Anal ‘éses foar1

Condensat i oncaPP‘iS‘d%F‘iP %‘TS"F’é?dr Wil emoggnovs then sraledusing

Car bonyl Cal cyla rt&gkg Dn= f 1. eCHFe
(% m) %t m) ( %ﬂt% A %%ﬁ}c fler Bledbaone B e DG o o5
| aAcet one® ( JUSRSF 9 aacBescesd 2plitioB Bepar@icplafdiqail phases. After at least

gl\B/ﬁt C?’;?ggﬁ y%@%%g%ght%&g% %%%Q%gy g&%ﬁ?fuon and soluble products isolated by

42- Et hy| hexansioed of 2qlvai? 28d&670NE 7 FEMing 2nalysis of the solids, maximum and

ol soval or al AR s fiae 35t &dpad FamifRudhatance
7Pent anal 68 206. 4225. 3769. 186. 6924. 13

8Benzal d /0. 465. 71. 965..2322. 82 e e .
oPhony afthy SViieisBas o6 251504 iSRG Freaicpmingd using a Boblin Instruments

10p- Tol ual detVdendnBttbuddg 84 Smmiodhe £dplatOf shear rates of either 2 Pa or 0.5 Pa.
11Cycl ohexanone69. 056. 2524. 7070. 216. 4723. 32

15274 et ancll DrEE B9 1 E RSt sf st Cuton Compouns

142, 3- But anqUEHPed6. 538, %ﬂgg I3§6 8@ Rcubid for 550 LA €t OFiYdlated forn =1
acet one67. 1§5.mt27. 1767. 525. 6826¢. 80
No. Compound C H Fe C H Fe
(Yeomym) | (%6m/m) | (%m/m) | (Yem/m) | (%m/m) | (Shnvm)
1 Acetone 67.02 5.88 27.10 671.74 6.01 26,25
la Acctone (9% oligomer) 66.59 5.85 27.56 67.74 6.01 2625
2 Methylal 65.66 5.26 29.08 66.02 5.20 28.78
3 Butyraldehyde 6763 | 616 | 2621 | 6849 | 637 | 25.4
4 2-Ethylhexanal 69.72 7.12 23.16 70.96 7.52 21.52
5 Isobutyraldehyde -| 6763 6.16 26,21 68.49 6.37 25.14
6 Isovaleraldehyde 68.20 6.42 25.37 69.18 6.69 24.13
7 Pentanal 68.20 6.42 2537 69.18 6.69 24.13
3 Benzaldehyde 70.46 527 24.27 71.96 5.23 22.82
9 Phenylacetaldehyde 7091 | 554 | 2355 | 7246 | 556 | 21.98
10 p-Tolualdehyde 7091 5.54 23.53 7246 5.56 21.98
il Cyclohexanone 69.05 6.25 24.70 70.21 6.47 23.32
12 1,3-Cyclohexanedione 67.35 542 2723 67.71 542 26.88
i3 2.4-Pentancdione 66,86 5.50 27.64 67.16 5.51 2733
14 2,3-Butanedione 66.53 534 28.13 66.80 5.33 27.88
15 Acetonyl acetone 67.18 5.65 2717 67.52 5.68 26.30
16 Acetone! 69.25 6.90 23.85 69.82 6.99 23.19
17 Proplonaldehyde 69.25 6.90 23.85 69.82 6.99 23.19
18 Acetone’ 69.25 6.90 23.85 69.82 6.99 23.19
19- Pentan-3-one? 70.17 7.33 22,50 70.96 752 21.52
20 - Heptan-4-one® 71.00 7.70 21.30 71.94 7.99 20.07

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

compounds of formula I wherein n in formula I is 0 or 1. Entry 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




16Acet ones69. 256. 9023. 8569. 826. 9923. 19

17Pr opi onal dehyde269. 256. 9023. 8569. 826. 9923. 19
18Acet one269. 256. 9023. 8569. 826. 9923. 19

19, Pent an- 3-one270. 177. 3322. 5070. 967. 5221. 52" 20He 28 February 2005
tan-4-one?%‘?2683f'?7021.3071. 9479920 07 15 The terms calPSHOU®Mor n = o
and n =1 in the table above refer, respectively, to conpounds of fornula I
wherein nin fornula Il is 0 or 1. Ent3¥y | a refers to a |lower purity
fraction isolated fromthe condensation reaction of 0.6 equival ents of _
acetone wth ferrocene, . .Fromthe 1H spectra.integration of.t met hyl
G oup. br ot orte i GEPERTASESsh NaeftdlPh, SBBEMER BB Bheh S ukiE,

cycl opent adi em\lto bopesaitighas Desbl%hatl, had ssuledng only species wherein n =0
and n =1 to be present, about 9 nol%n =1 had resulted. Notes: Conpounds
1- 15 were prepared using ferrocene. 1 conpounds were made using

di met hyl f errgeefte such that A and B in fornmulae Il and 11 are both
met hyl cyc] opgnt adi enyl groups. 2 conpqunds were nade using ethylferrocene
such that?on O%Po%g%r‘égi“i"‘rrefﬂﬁ?ﬂﬂﬂdé‘s‘gg?eﬁ?amren formula Ill is

et hyl cycl openicagio8holl werd MBJIsDRIdiREh ) fhrrobdhe BRHNNA 3SMd B HGLARSRTAGHdENY! . 10
Tabl e 12: Analytical Details for |solated Conpositions: «Conp-
Car bony!| Foundh #pPetbardpicelepatadsnykEo®WEind No. ConpoundCH[ Fe] Cont ent pr oduct

(% m (%1 m (é’@ﬁﬁ&ﬁm&a mbddsiR ethylferrocene such that one of A or B in formula II and

in formula ITT 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 Cc H [Fel Content product
b e/ | (Yem/ {Yoru/mm) (%%om/m) (Yorn/m)
m) m}

1 Acetone 66.11 5.67 28.22 n.d. 28.22

la Acstone (9% oligomer) | 66.35 5.62 28.03 nd. 28.03

2 Methylal 65.60 5.16 2924 29.24

3 Butyraldehyde 67.17 | 6.10 26.69 nd 26.69

4 2-Ethylhexanal 73.20 8.15 18.65 <10 18.65

5 Isobutyraldehyde 71.19 6.97 21.84 <1.0 21.84

6 Isovaleraldehyde | 7033 6.63 23.04 1.5 22.59

7 Pentanal .| 68.79 6.94 24.27 2.0 23.67

8 Benzaldehyde 7022 541 24.37 1.5 23.92

9 Phenylacetaldchyde 74.63 5.82 19.55 3.5 18.50

10 p-Tolualdehyde 71.63 5.52 22.85 33 20.36

11 Cyclohexanone 70.85 | 6.57 22.58 1.0 2228

12 1,3-Cyclohexanedione | 64.5! 5.75 29.74 <10 2974

13 24-Pentanedione .1 67.03 5.88 27.09 <1.0 27.09

14 2 3-Butanedione 65.52 582 28.66 <10 28.66

15 Acetonyl acetons 7640 | 7.04 16.56 3.50 15.51

16 Acetone 68.06 | 6.94 25.00 <1.0 25.00

17 Propionaldehyde* 6939 | 7.04 23.57 <1.0 23.57

18 Acetone? 70.84 7.30 21.86 <1.0 21.86

19 Pentan-3-one” 70.50 745 22.05 <1.0 22.05

20 Heptan-4-one’ 68.85 | 6.90 24.25 <1.0 24.25

15  See explanatory notes beneath Table 11.




1Acet one66. 115. 6728. 22n. d. 28. 22 |

aAcet one (9%

ol igomer)66.355.6228. 03n. d. 28. 03 2Met hyl al 65. 605. 1629. 2429. 24
3But yr al dehyde67. 176. 1026. 69n. d. 26. 69 42- Et hyl hexanal 73. 208. 1518. 65<

1. 018. 65
6l soval era dgﬁ&dé

ral dehyde71. 196. 9721. 84< 1.:021. 84
70. 336. 6323. 041. 522. 59 7Pent anal

88enza|dehyde70 225. 4124, 371.523. 92
9Phenyl acet al dehyde74. 635. 8219. 553. 518350
10p- Tol ual dehyde71. 635. 5222. 858. 320. 36

11Cycl ohexanone70. 856. 5722. 581. 022. 28 121, 3- Cycl ohexanedi one64. 515. 7529. 74<

1.029. 74 132, 4- Pent anedi one67. 035. 8827. 09< 1. 027. 09
142, 3- But ané@ilviidssone st bty Bgamipatyy fr %ISOI@A@@%WDS

acet one76. 49£-644

6563501551

16 Acaot o

nagf

QA2E  ON

- 68. %5?%5@%%972 023. 67

86<

ound2. 5

o6
17Pr opi onal YENYFadZ65°3b7. 0423. S SR g RSN A B 001
1. 021. 86 19PRpt aM-Gnpitae / 0- 907 ] S oL |{ 05 20He
t an- 4- one268. 856.[9024. 25< 1. 024.725 15 |{See explanatory notes benedth Tabl e
11. WO 02/ 18898 3Jeicdtabkl e 13: Qltakanes |[colidsol ulbkB.2 i ipeiiheinn nat i ol for the
| sol at'ed Coifrosi tliAseienc 26 dliedyreridGear? 005 SoMds/ GBO1/ 03897 Conp-
Car bony! Sol (bi i t\MefylaBOCSol ubillSplidy ofl SFidsas product ou
W% 5.0 w %Ee Butyraldehyde Tracé Solids ~2.4 wi% by mass balance
14 2-Ethythexanal 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 wi%
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 wi%e by mass balance
14 2,3-Butanedione Clear Clear
15 Acetonyl acetone Powder Powder Solid not characterisabie
16 Acetone’ Shidge Sludge Sludge due to inorgamics in
sample
17 Propionaldehyde® Clear Clear
18 Acetone” Clear Clear ‘
19 Petitan-3-one” Deposit Deposit Minimal deposition in both cases
120 Heptan-4-one® Clear Solids Insufficient solids to characterise
5

For explanatory notes, see beneath Table 11.

For comparison, the solubility of iron as ferrocene in toluene was around 1 wi%,

Dilutions of samples of 5 wi% Fe: as the product of compound 1 established the

10
—30°C.

solubility limit in toluene of this preferrcd material to be slightly less than 3.2 wi% at




Fe 1Acetoned earSolids< 3.2 w% by dilution | aAcetone (9%

wt'/ bypass.

61 soval er avgehgseCl ear Powder I nsuffici ent solids to cha i
7Pent anal Cl ear C ear 8Benzal dehydeTrace of Orange Powder found to be

pr oduct,

so powdersolidssolubility -

2.4 wt'/ Fe

~ol.igoner)d ear Solids 2Met hyl al Sol i dsSol i ds 3But yral dehydeTraceSolids-2.4 .

bal ance 42- Et hyl hexanal cl ear Cl ear 5I sobut yr al dehydegCI ear O ear

9Phenyl acet al dehyded ear Cl ear 10p- Tol udfdehydeC ear Sol i ds3.8 to 4.3 wt % by
mass bal ance 11Cycl ohexanoneCl ear Powder- 4.9 wt % 121, 3-

~ cycl ohexanedi oneCl earCrystal s3.6 to 4.1 Wt % by nass baI ance

132, 4- Pent anedi oneSol i dsSol i ds2.05 to 2.26 wt % by nmass bal ance .
142, 3- But anefl:hbhmﬁinfﬁayécﬁbse@pD&tﬁlﬁ\ﬁﬁbaﬁgtivesmeﬁemeﬁﬁmmmﬂﬂber Solid not

characteris

17Pr opi onal déleyete
19Pent an- 3-d p
2Cl ear Sol i dS

see beneath
in toluene vas ar
product of gonpou

this preferr

bl e 6Acet one' S| udgeS| udgeSl udge ye 10 inorganics _jn sanple
CPampdrizal/ 19AHambned ear cl eaf Cnmr
4 Dsi t Deposi t M ni mal deposition|{in both cases 20Hept an- 4-one
Inspf bﬁb&ﬁ&m&@ﬂ'ds to characterise 5 For explanatory not es,
5aDT €] BukyraldeBfde COTT °U94b 3, LA U4 33O B1.77(&), &S | errocene
Ju“rl?(rzlr 19’rwt % lag’ |2§m13ﬁ£’?§)ﬁ Jhm%&ﬁ;yzﬁ) 23\((5%) e. jas the
NCyclbpepadiall | smemm hem10 sol ubl 8. 28w dsisBi t *i n t ol jluene of
éd naf Bangalkhytlo be [SHiS¢4lym fHss t h ail*g;?%s 1259 Y4B and - 30/C.
Cyclopentadienyl 3.81 t04.74 {m, 18H) 46.68 to 68.68
13 2,4-Pentanedione 1.308 (s, 6H) 30,77 (CHs), 33.47 (CH,) and
101.51 (CH,-C-CHy)
Cyclopentadienyl 3.93 10 4.01 (mn, 18H) 66.27, 66.73 and 68.89




WD 02/18398 37 PCT/ GB01/ 03897 28 February 2005 Tabl e 14: Nm Spectroscopy

"Details for Derivatives Isolated as Crystalline Materials Conmp- _ ound

Car bonyl signal s/H nmrC nnt = No. cycl opent adi enyl SButyraI deh d0e50 946 (t,
141 fh14.53 (CH3), 21.77 (CH2), 1.94 (in, 137. 99

é’gmg’ré cycl opentadienyl 3.99 m 18H)68.78 to 9 %rg‘“%?%

SBenzaI dehyde? 15 to 7.41 (m6H)93.39, 145.94, 128.75 and 127.88

cycl opentadi enyl 3.81 to 4.74 (m|8H)463$8 to 68.68 132, 4- Pent anedi onel. 308

(s, 6H30.77 (CH3), 33.47 (CH2) and 101.51 CH3-CCH,) cycl opentadi enyl 3. 93

to 4.01 (m 1866.27, 66. 73 and 68.89 WD 02/18398 38 Table 15 GC/ M5 Dat a,

e o i BB

05 PCT/ GB01/ 03897 Conp- Car bonyl
4 ound No. 42-et hyi hexanal 2- et hyl hexenyl

fer r oceneMamyG LS O syl Jake tdﬂdﬁoé&RIevel) Comments
ound
No.
4 2-ethylhexanal 2-ethythexenyl ferrocene | Many isomers, parent iom 296,
{major) loss of various alkene fragments
Bis 2-ethylhexenyl | Isomers, parent ion at 406,
ferrocene L
(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 C;Hy
butane (major)
Mono-alkenylated above | Parent at 508
& product (significant)
7 Pentanal 1,1-diferrocenylpentane Parent at 440, first loss CsHy
(good purity)
8 Benzaldehyde Diferrocenyl phenyl | Desired product in good purity
methane
Parent 460, first loses CsHg
9 Phenylacetaldehyde | 1-ferrocenyl-2-phenyl Parent 288, loses CsH;
ethene
(significant)
Di-(2-phenylethenyl) Parent 390, loses C;Hy
ferrocenes (significant)
1,1-diferrocenyl  phenyl | Parent 474, loses C7H;
methane {(major)
11 Cyclohexanone Cyclopentene,
cylcohexene,
cyclohexane and
cyclohexanol
and mixed substituted
ferrocenés (fraces)
1,1-diferrocenyl Parent 452, loses CsHg, CsH;
cyclohexane
(major) ends at methylferrocene
14 2,3-butanedione Ferrocene substituted by | Not clear if substituent is ketone
CH;0 (apparent good | orenol
purity)
21 Methoxy- 1,1’-diferrocenyl-2- Unreacted ferrocene predominant
acetaldehyde methoxy ethane (major
dimethylacetal

isolated product)




(major)l oss of various al kene fragnments Bis 2-ethyl hexenyl | soners, parent
~ion at. 406, ferrocene (mnor)typically |oss of heptene observed
1,1-diferrocenyl 2-Parent at 482, first loss heptene ethyl hexane (trace)
51 sobut yr geMono-, bis and - tris-Mxture of iso 05
|sobutenyﬁel(?errocene (5| gnificant) 1,1-diferrocenyl - ”ﬁ&ﬁg@ gegr?t at 426,
first loss C3H7 propane (nmjor) 6l soval eral dehydel, 1

-di ferrocenyl - 3- net hyl Parent at 440, figst |oss CAH9 but ane nmj or

Mono- al kenyl at ed aboveParent at 508 product (Si T~gnt) :
7Pent anal 1, 1-di f errocenyl pent aneParent at 440, first |oss CAH9 (good
purity) 8Benzal dehydeDi ferrocenyl phenyl Desired product in good puri ty
met hane Par dagle WG@SGOSM%PWW@@O@EBFBI@PHQWWa@éﬂ@ﬁﬂ%hydel ferrocenyl -

phenyl Par ent—=288,—-q
Di - (2- pheny] ggﬂ’genyl ) 7 Xﬁ‘é’%‘ty(agls‘bﬁ{’?]?aﬁ)mt)
1,1-diferrog¢ litllyl plltl»ﬁ&gﬁgl ent 41, | Ubﬁ&oc%n(el‘ll mettane \Iljl;l‘] T
11Cycl ohexafpneCyTt QpRIEENE, CYl CONEXERGoceqey Cl ONEXANE ary@ cycl onexanol and
m xed substiguted 2-ethylhexanal Ferrocene 5.1106.4
7 Pentanal Ferrocene 54
8 Benzaldehyde Ferrocene 52t05.5
9 Phenylacetaldehyde Ferrocene 43
10 p-Tolualdehyde Fermocene 5.0
11 : Cyclohexanone Ferrocene 4.3
13 2 ,4-Pentanedione Ferrocene 4.7
16 Acetone Methylferrocene 6.3
17 Propionaldehyde Ethylferrocene 53
18 Acetone Ethylferrocene 5.2
19 Pentan-3-one Ethylferrocene 5.3
20 Heptan-4-one Ethyiferrocene N |
5
N 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 wi%, inferior to its solubility in PLUTOsol™ APF, known to be at
least 5.0 wi% at —40°C (see, for example, Example 1 where solutions of 2,2-

bisferrocenylpropane in PLUTOsol™ APF with an iron content of 7.5 % by weight
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—aldéhydes may be used to prepare very pure samples
of 1,l-diferrocenyl n-alkanes. Compounds 4, 5 and 6 demonsirate 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




ferrocenes (traces) |, 1-diferrocenyl Parent 452, |oses. C5H9, CS5H6

- cycl ohexane (major)ends at met hyl ferrocene 142, 3-but anedi oneFerrocene
substituted byNot clear if substituent is ketone C4H70£(apparent goodor
enol . puri t hoxy-1,1' -di ferrocenyl 2-Unreacted £ edom nant
acet al dehywd%grrzéltgﬁg/sy et hane (maj or di nethyl acetalisol at e 6(%2{9%2%%%\/\0

02/ 18398 39 5 Table 16 Viscosity Data of Conpositions in Tol uene Sol ution
at 2.5 wt % Fe PCT/ GB01/ 03897 28 Februagy 2005 Conp- Carbonyl

Sour ceMet al | oceneVi scosity at 30C (nPas) ound | Acet oneFerrocene5. 4

| aAcet oneFerrocene5. 2 42-et hyl hexanal Ferrocene5.1 to 6.4

7Pent anal Fera bateme iSbdndBé rat dhedpivittbare to deecreiiongl thed a propensity to form

9Phenyl acet al dehydeFerrocene4. 3 10p- Tol.ual dehydeFerrocenes. _
110y onexar NP P CRRE AR oie 20 o T PERRCIP, i i oy theory it is
16Acet oneMetduyietied Hae amn éffertedididrhyptoapakyl dhryatekd fayrhd ehichaeayerbac with a
18Acet onekt hyl et rogenee. g 1oPent a3 pReRt Il h of £ 95 SNER: 220 etd e

5 alkene. Experimental conditions may be changed by routine experimentation to

minimise formation of such products. Compound 6 shows that B-‘brapqhed 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 e-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 cgmpounds. It is believed that these
form species of formula I wherein n in formula HI 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 ]jmitsrlbf 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 frace. 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 symmeirical material containing equivalent methyl and
cyclopentadienyl groups and by implication no carbonyl or hydroxyl groups are




Interpretation of Data Conpounds 1 and |a above were prepared in order to
Oobtai.n conparison data for the solubility of the preferred conpound in__
tol uene. Toluene is preferred over Plutosol 10 APF for SlIJ:ch experOiSfrrents
sinply be kdeS higher volatility enables its sinpl AR rom any
pr oducts.ﬁ‘ﬂiﬁlssgsubi lity of iron as the preferred pr odﬁfgctmgn toluene is,

at around 3.2 wt% inferior to its solubility in PLUTGsol TM APF, known to
be at. least 5.0 % at -40C (see, ford4exanple, Exanple 1 where sol utions

of 2;,2- bisferrocenyl propane in PLUTGsol TM APF with an iron content of 7.5
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2005 a ket orvdkylatesl dyramediigdated cychwepedienyil groups bo firheies@titno refdtive lie thea
propensity tag(yi ?r[?g'% al kenyl -substituted ferrocene exists. Wthout w shing

to be bound ry it is suspected that an internedi ate hydroxyal kyl
ferrocene forns which may react with a further nolecule of ferrocene to
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Eper i mel arCorgnanei 0y doenef 20 by SRb i <3St Boddiond st demAtE o it o

m ni m se foromtibonf e Sdbdhyp ety Clithin GORRsabod. SNOWS2,b1h313° Bait aached

car bonyl s %fe sig)réi?ﬂ(i cant | Iessn%%o e to undergo this side reaction.
US- A- 3, 763, S55TPfE s areythys dgwgnsiiptefy anched ketones. 10 Conpound 8 shows
that the bridging group may be substituted by an aryl group, conpound 9

t hat “t he substi t uent y be an aral kyl group and conpound, 10 an al karyl

group. Agai CTEGHbEN ofy's hat fisis PREbIGHr dhehidging ipwriocopiisybstiteentsy one to
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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 fhose 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 chemisiry or related fields are intended fo be

30  within the scope of the following claims.




Compounds 12 through 15 are for di car bonyl conpounds. It is beli eved t hat

these formspecies of formula | wherein nin formula IIl is zero_and Z_is

substituted by two groups of forrmula V in which mis zero. Unless such
““conpounds are formed in 20 exceptionally high purity aR8F6brugRe2q0Sadi |y
crystallised it is difficult to denonst 3t e that such speci es have, indeed
been fornmed. The formula wei ght of the species expected in conpound 13,
for exanple!ggggﬁgS Dal tons. Such a species would not be expected to
possess t he ed volatility and thermal stability to pass through the
GC and is beyond the mass Iimts of the mass spectroneter enployed. In al
four 25 cases the existence of side products conprising alkyl-, alkenyl -,
cycl oal kyl - land Acypetiodaif kegeperating 8 pattigleciiltdr érapdowtesl inrthe exdapstdiyftemrafcene
products coyl i Nf fegom ' the GC/NMS trace. It .is.not,clear that

t hese ari setéa‘%ﬁﬁ) %@elﬁ}hgsge;ﬁg{%e@?ls W&?C%o%omWF%F f‘cgmﬁr?aflw -tased PAEfcuAR: ¢
and 13C spegtdsantlinnhd paticle e kb, Neitls brhbistibs raiued of dWohipdsitibe wikdiein
temperature solubiljty study on conpound 13 show that substantial 30
anount s of é$Qﬁ%$ﬂQ$U§9ﬁﬁ@@ﬁﬁ§él mat eri al contai ni ng equi val ent nmethyl and
cycl opent adienyl i | gation no carbonyl -or hydroxyl groups
are WO 02/1%58%(ﬁ%&gﬁaéggggggyﬂggggi6gCT/GBOl/03897 present or have been
formed. It is not cle&-YwiBt her the nethylene protons are not present or
are (nore |likely) accidentally degenerate with the cycl opent adi enyl ones.
Conpound 16W8R6Ws that the reaction conditions may be enpl oyed wi th al kyl -

5 substjsuted fe r ﬁi’ﬁ’ﬂa .a viscous oil as product
i ndi cat !eés t hat t?lcrefrg@%?@tseﬁggred;@ﬁo I @p a low selectivity for the
reaction of Ahe carbonyl conpound between al kyl ated or non-al kyl at ed
cycl opent adi ,enyl groups or for orientation relative to the alkyl group.
10 Conmpounds! 17 through 20 show that the reaction conditions are not
sensitive t&ethe-Zrocati on of the fH.bonyI group wi thin a hydrocarbon.
1,1'-, 2,2'-} 3,3 - and 4,4'- diferrodenyl al kanes are thus denonstrat ed.
Conpound 21 shows that it is possible for the bridging group to contain
substi t uent 15 containing heteroatons, in this case oxygen. The
solubility in heptane of this particular product is, unlike the other
conpounds, very §,im'|ar to that qof feir@ﬁe_ne. Further, the product is a
3kt to separate froma

solid nelting at YdABFGE 504D 95 Togp

? 1

r?e Z Fle (1)
B B

L _in

each A and B is independer}tly an unsubstituted or substituted aromatic carbon

ring or an unsubstituted or substituted aromatic heterocyclic ring; |

the or each Z is indepéndently an unsubstituted or subsﬁtuted divalent
15 = hydrocarbyl group;

nis 0 or an integer of from 1 to 10;

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




m xture with ferrocene using the sublimtion technique. Accordingly,
characterisation was linmted to the GO M techni que which showed.the ...
desired material to be the 20 dom nant reaction product, even under the
standar di sed reaction conditions. Al puplications menZP&SEBaN2E%% above
" specification are herein incorporated be reference. Various nodifications
and variations of the described nethods and system of the invention wll
be apparent to e skill in the art without departing fromthe 25 scope
and spirit o O hough the i nvention has been described in
connecti on w Bh gpecif)c prﬁ%er?ed enbodi nents, it shoul d be understood
that the invention asiclained should not be unduly linmited to such
specific enbo o var {ldUs nodifications of the described nodes
for carryingRgut the inventiorR,which are obvious to those skilled,in
chem stry or related fields are intended to be 30 within the scope of the
~fol I owi ng clvatiemsR; 422R Cirdll Mor 2§ afeedihiylarayid 2005 1. A net hod of regenerating a
particle filter trap located in the exhaust system of a conmbustion system
for fuel, wibenisenhorcaais; @8ét acti ng carbon-based particul ates, 5 present

in th (i o . . - of LLian,
wher o n 1 ho ek sl e bf e ¥ BRITMELLAR (FCBHS o B BP RIS (1)
X-Y (1) wheteprovids aKleasidr ws éhobirér) dagidwaphe vefghr Gith@cdrhpositionA Fe ----- Z

----- Y represents the group of formula (Il1l1): A 1 ----- Fe (I11); n B
each A and B is independently an unsubstituted or substituted aromatic

- carbon ring or %%H@lﬁﬁ'%&faﬁﬁ'édeiq c?a[imSHQﬁ{e}éiH%?grh‘&{ R rfgié,i &t otﬁgto?'ir?o?g 8{' fh(é ring;

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

hydrocarbon group.

10 3. A method as claimed in claim 2, wherein Z, when n is 0, or one or more of the
| Z groups, when n is from 1 to 10, is an unsubstituted or substituted divalent alkylene

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

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

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

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

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

-6 - A method as claimed in claim 4, wherein Z, when n is 0, or one or more of the
Z groups, when n is from 1 to 10, is an unsubstituted or substituted divalent alkylene
group having one carbon atom in the alkylene linkage.
25 .
7. A method as claimed in any preceding claim, wherein Z, when n is 0, or one or

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




| the or each Z is independently an unsubstituted or substituted di valent 15
hydr ocarby! group; nis O or an integer of from1l1l to 10; with the proviso...
t hat the compound, of formula (I) does not have the fo 43 (1V)

R6 R8 where R5 or R6 and R7 or R8 are ethyl; and ii) ang ﬁ%%{y\%qos carrier;
and wherein said one or nore conmpound offornula (1) is present in ap
anount sufficient to provide at least 1 wt. %of iron, based on the weight

of the conpaqs] tion net as cl Ialml wherein .Z when n
°L b or  onattebiofils Risfreg ot S s SR iRt Sd SRS bt me
unsubst i t ut geknfiiia stituted d| val ent hydrocarbon group. 10 3. A nethod as
claimed in claim?2, wherein Z, when n is 0, or one or nore of the Z

groups, when is fr 1 to 10, is an unsubstituted or substituted dival ent
al kyl ene gro Q havi ng at feast one carbon atomin the al kyl ene |inkage. 4.
A nmethod as cJdinmed in clalm3, wherein Z, when nis O, or one or nore of

~the 15 Z gropps,—-wren--n iFe fromI(vho 10, is an unsubstituted or
substituted di val ent gl kyl pne group having froml to 10 carbon atons in
~the al kyl ene | gpnkage. |5. Agnmethod as clainmed in claim3 or claim4, wherein
Z, when n is O, or ongmor nore of the Z groups, when nis froml to 10, is
an unsubstituted or substituted 20 divalent al kyl ene group havi ng at |east
two carbon atons in the al kyl ene linkage. 6. A nmethod as clained in claim
4, wherein Zpuehen n is 0, or one or nore of the Z groups, when n is from
| to 10, is an unsubstituted or substituted dival ent al kyl ene group having
one carbon at om eachthendBky h&i&peﬂdenﬂﬁgmun%stﬁuteé\ omstixtichited awwhaticesbbm any
pr ecedi g claim .wherein nis one or ae .of the Z groups,

when n i5 from 1”’(1%“1@“455215%%3 PEW@W“W@FP%@ hsteroRyFlc 8 ebr uary 2005 44

- substituents sel gehed fom ahdal 95 OfRSpendsiRBt ah Ubadnatdiiéh 8F QUBsiR04
groups havi ng the
hydrocarby! group; and

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

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

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

R

1
I

— G (Vb

R,

wherein: _
each R; and R, is independently' hydrogen, or unsubstituted or substituted alkyl,
15 unsubstituted or substituted aryl or unsubstituted or substituted aralkyl; and

X is-an integer of at least 1.

9. A method as claimed in claim 8, wherein Ry and R; are each independently
hydrogen, or unsubstituted or substituted (C;-Cg)alkyl, unsubstituted or substituted
20 (Ce)ary! or unsubstituted or substituted ar(C;-Cg)alkyl.




| formula (V) AB--- Fee (V) B mwherein: each A and B is independently an
unsubstituted or substituted aromatic carbon ring or an unsubstituted of ...

substituted aromatic heterocyclic ring; each P, when p
i ndependently an unsubstituted or SUbStl&{#'E hydr oca%giggﬁa&goosand mis
t hod

O or an integer of from1 to 10. 10 8. as clainmed in any one of
claims 1 to 6, wherein Z, when nis 0, or one or nore of the Z groups,

when n is frgm1l g \Y/ each Rl

ndependent 10 hydh ekt dsiai i, b e b Gt 0 BorP 1 38 ol 3P b
unsubstitutdd. or substituted aryl or unsubstituted or substituted aral kyl;
and x is an integer of at least 1. 9. A nethod as clairredin claim 8,

wherein RI and R2 are each |ndependently hydr ogen, unsubstituted or

nsubsti Lut o4 or S iRer i EI AP Ty S S Y 5%“?!%8#353%1%8%%’%? )

met hod a$ clledsh&d in claim8 or cIa|m9 V\/nereln Xis an integer of froml
to 10. 11. A nmethod as clained in any one of clains 8 to 10, wherein x is
an integer of at 5 least 2. 12. A nmethod as clained in any one of clains 8

to 10, whergpn ~Aﬁ1eﬁ10d3a§clafhléﬁh%ﬁ|oﬁéoﬁél§1hi§%dt 110, AYreBNEisqf Clainms 8 to

12, wherein R1 and R2 are 10 neth : met hodl as ¢ ned in any one of
t he precedi ng cl ai ns, wherein one or nDre

13. A method as claimed in any one of claims 8 to 12, wherein R; and R are
10 methyl

14. A method as claimed in any one of the preceding claims, wherein one or more
of A and/or one or more of B is substituted with one or more substituents selected
¥ from, alkyl, substituted alkyl, aryl, and substituted aryl groups.
15
15. A method as claimed in any one of the preceding qclaims, wherein each A and B
is independently an unsubstituted or substituted aromatic carbon ring or an
unsubstituted or substituted aromatic heterocyclic ring containing, in the heterocyclic
ring, one or more heteroatoms selected from O, N and S.

20

16. A method as claimed in any one of the preceding claims, wherein each A and B
is independently an unsubstituted or substituted aromatic carbon ring, or an
unsubstituted or substituted aromatic heterocyclic ring, containing from 3 to 10 atoms
in the ring. ”

25

17.- A method as claimed in claim 16, wherein each A and B is independently an
unsubstituted or substituted aromatic carbon ring, or an unsubstituted or substituted

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

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

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




of A and/or one or nore of Bis substituted with one or nore substituents
selected from alkyl, substituted alkyl, aryl, and substituted aryl
groups. 15 15. A nethod as clainmed in any one of the pégkegi ng, 4 i ms,
wherein each A and B is independently an unsubstituted®6fPS st tPut ed
aromatic carbon ring or an unsubstituted or substituted aromatic
heterocyclic ring containing, in the heterocyclic ring, one or nore

het er oat ons I . i i ny one
of the pr ece‘%fﬁng&%ﬁgﬁeﬁs@m grs %}P%@ggcm%o gﬁ%ﬁ&t@%ﬁﬁggﬁﬁﬁeﬂd{ﬁg{%ﬁ%ﬁ :
unsubst i t ut ewbroatics whbbnt ting dommomatsubsittatedonr rsubgituted amembesddb stdrhaticed or
substituted,a omatf.c .heterocyclic ring, containing from3 to 10 atons in
the ring. 23CEHPCYCiGNiNE: hod as claimed in claim16, wherein each A and B is
i ndependently an unsubstituted or substituted aromatic carbon ring, or an
unsubstituted or substituted aromatic heterocyclic ring, containing 3, 5
or 7 atofs ilf- t héh migihod 39 d@med imeclaimd s wheaeinpdadin Acland B Igfoumtieragi n A

or B associ ate i a rticular Fe atomis an unsubstituted or.

Subot tron oq Shatitidh & SRl St cAbOTng LAt MR hted: & whbpted

~substi tUt‘edaﬁnﬁ@i&bﬁfs@@by@ﬁ@ﬂﬁgi&pﬁﬁﬁl@%}?ﬁ%ﬁlsiiﬁtﬁérﬂ% and the other of A 46 28
t

February 2005 or B associated with e sane Fe atomis an‘unsubstituted or
substituted 7-nenbered aronatic carbon ring or an unsubstituted or

substituted,f-menbered ;aromatic. heteraqcyclic ring, 5 . A nmetho

cl'aimed 1 n 2B i petidd med o ARG et b B0 in Sy BEeREtEd or
substi t up ed a8t dagbdhafiagNor ki Ginsibistififed! ASHRTE  Hettr S cRE ritigb Sbhthisiids
aromatic heterocyclic ring, containing 5 atons in thé ring. 20. A nethod as
clai med in atogisii g ringherein each A and B is an unsubstituted 10 aromatic

carbon ring, or an unsubstituted aromatic heterocyclic ring, containing 5
atons in the ring. 21. A nethod as clainmed in any one of clains Ito 19,

wherei n eachl A apdmBhbé as ¢iAERASH 8RNEhoIIMITUD 3] WikreH aéh AWhatH fut ed
aromatic carbon ring. 15 ) )
. 1ndep_endent y an unsubstituted or substituted aromatic carbon ring.

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

aromatic carbon ring.

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

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

cyclopentadienyl .

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

ma—— i
Fe Fe
<= l—=>

(VID)




22. A-nethod as clained in claim?2l, wherein each A and Bis an
unsubstituted aromatic carbon ring. 23. A nmethod as clained in any one.of . .
the preceding clains, wherein A and B are 20 the sane %4 A ma%b%d as
claimed in any one of claims 1 to 13, rein A and B &9 E°BOEH ,
cycl opentadi enyl. 25 25. A nmethod as clai'ned in claim1l, wherein the
conpound of fornmula (1) has the forrmula (VII): Fe Fe (VIl) 47 28 February

2005 26. A met hody é}ﬁetﬁécﬁiagegaihﬁdaﬂyaa Cofdl of e REREEHAL NFafhe PerciftNBES! N
- the conpound of fornula (1) I's presenht I n an aroun uFfier ent o provi de
at |east 2 wompogsd offoimaa (1) hapedensin themeentgiffioidnt thprovilepnddaki bwt. % 27. A

met hod as clainmed in, claim?2 erein the conpound of fornula (1) is
present in 8?"8 dtl?ﬁ?d%lhrﬁ?i‘”@fggm%cﬁmé@%%n'at | east 3 wt. %of iron, based
on the weight of the conposition. 28. A nmethod as clained in any one of

clains 1 _to 25, wherein the conpound of 10 fornula (1) is present in an
amount s¥f f 2¢i en? msthedoasi deimedtin- cl@inC26 awhereinsthe |compousd off foirmda (Dhiased on

t he wei ght It 8. . t S, clained in apy one of the
pr ecedi ng c?gelS&rrgqn ergigll8 ﬁﬁttshfe}&%%?r%éﬁqu%oﬁﬁag%gﬁﬁ S#F?gﬁﬁecp‘?’é@%&elg t
conpounds obf fhercompasiGdf.| | ): A-Fe-B (VII1) wherein A.and B are as defined

inclaim1. 30. A nethod as claimed in any one of the preteding clains,

wherein the conposition is located in a -container associated with the
conmbustion syste ' ugt ' f.uel iLqr to.conmbustion.of the
fuel in the %’onb%ls{n?%?\déggftagﬁn%cpgl. A%eéph% csnEi fo e%ér@?ﬁetn?%e %0‘%%0%‘{’?8?‘3
filter t0apfdromit @xisipreseiteinexhausint sylicem of prodde,abys’s, anteamst eme or f uel ,

whi ch conprjses contacting. carbon-based parti cul at es,
P 1ron, based on tﬁe Wt.’,l%ht otr Lge composition?

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

wherein A and B are as defined in claim 1.

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

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

31. A method of regenerating a particle filter trap located in the exhaust system of
a combustion system for fuel, which comprises contacting carbon-based particulates,
present in the particle filter trap, with combustion products of one or more compound

25  asdefined in any of claims 1 to 25.

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

30




present in the particle filter trap, with conbustion. products of one or
~-more conpound 25 as defined in any of claims | to 25. 32. Use of a
conposition for decreasing the regeneration:tenperaturﬁag%b&m ddéﬂ e
filter trap |l ocated in the exhaust systqﬂaof a conbustion syst’ent wherein
the conposition is as defined in any one of clainms 1 29. 30 48 28 February
2005 33. Use of a conposition as defined in any one of clains | to 29 as an

addi tive 0 35f ueludeayy ek RARoRYs UDFAISARFIAL bPBIIRITPRS 30 UL & laifhy Py L ol ©

filter trap located in the exhaust syste a conbustion systemtor the
fuel. 34. Udueldbr demgeasingnbe eegeoenptiom tbngeratietiof acparticlefijtetrap hicateti dn the | to

25 for decrepsi he regeneration te r e of a particle filter trap
| ocated in teﬁgau‘gg%gifﬁ0@@%@@%{5@@@/5@&%?&&%\%{”“em 10 35. Use of one or
nore conpound as defined in any one of clains 1 to 25 as an additive to

fuel for decreasing the regeneration tenperature of a particle filter trap
| ocated in the eHsarftonsyen wareotompauadingslefioed iy aneont of claias fluel 25 £5 36.

Use of gem i r.r b ar . Ligui.d fuel,s for
oper ati on of Phrat SesEEtRh {BERAR A PAHbiAR: bGP b BRHE T eam
particle fisydtan ofysbmbustiodbystde use as claimed in cldim36, wherein one

or nore_gf the four 20 cyclopentadienyl rings of the gem nal
bi sferrod enyl al kane i ndependently of one another carry at |east one al kyl.

group Wth 35t0 $sEERAD 2B ARpSuRURUKLE H aniPBne IPalie) 35281810 11

claim36 or claim ereint gem na erroceny ane i's dissol ved
in an organaddited weiitel fAb d8Geasigihe hegenefatipn rieihpéragra of anpeticle fsr dapi ned
in any of claing . 1.to 25, which _conprises extracting the conpound wth
carbon di ox%%@tga@.’thﬁeﬁé?‘%ﬁysﬁn plaemehustiomeysienpior theclugl fi 1 ter trap
substantially as hereinbefore 30 described with reference to any oneof the
Exanpl es. 41. A use substantially as hereinbefore described with reference
to dany bhe 086. t hUse Efagphaml bisferrocenylalkanes as an additive for liquid fuels for

operation of high compression spontaneous ignition engines with downstream particle

filter systems.

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

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

38. The use as claimed in claim 36 or claim 37, wherein the geminal
bisferrocenylalkane is dissolved in an organic solvent.

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

comprises extracting the compound with carbon dioxide

-

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

30  described with reference to any one of the Examples.

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

Examples.




