| 18 August 2005 Title. Catalyst systemfor the trinerisation of olefins. s
CROSS- REFERENCE TO RELATED APPLI CATION This application is a continuation
of PCT-application PCT/NLO1/00149, filed 22 February 2001, the disclosure

t hereof being incorporated by reference. DESCRI PTION The invention relates
to a catal yst systemfor the selective trinerisation of olefins, which
systemconprises a transition netal 10 conplex. Such a catal yst systemfor
trimerisation of olefins is | =awn fromEP-A- 0608447 an&sﬁbﬁfgg?@ of at _
conmbi nation of a transition nmetal source, a pyrrole containing conpound and
a netal al kgiclien gatalyect sorvemdimyorhs okirentizatilve f arisfinson netal source
consists of a chromum 15 nickel, cobalt, or iron conpound, preferably a
chrom um conpound is wused. Because chrom um conpounds are highly toxic, and
therefore need special handling precautions, a catalyst systemfor the
trimerisation of olefins, which is not based on a chrom um conmpound is

needed. 20 A catal yst sysi@ifdlias:-saem-hesfavde o8t k8§ not based an a

chrom um conmpound, but stTTT SAOWS a hjgh selectivity Itn the trinerisation
of olefins with FeHaRtiFEiR Frt rFé‘F‘F%‘g'FFb?? ﬁFo%%‘FgPWEi%‘beci fically,,

the inventi 8r/MEbalwg4bo &ledt 2d Febrwyptatlasthe Athdated: abevenf Wlimgh i s

char act er kZgghdrBolhialy 881 fhredbaleyst system 25 conprises a) a hal f-sandw ch
substituted cyclopentadi enyl titaniumconplex of fornmula (Cp-B(R) nAr)Ti R-3

wherein 30 Cp is a cycl opentadi enyl type ligand, optionally substituted, B
Is a bridging group, based an a si ngPEECREFIAONe| ected from the groups 13 to

16 inclusive of fhe;RHcQdhCraadslL T NeakDlydrabfiah SodBdRse1@BE{wNal |y
sub_stltut ed, Ris, |,nd_e nge%taz#, hyzgro en, or a.hydrocarbon, resi dye, 35
opti onal | y FEFRGAASR: ThCea S YEPOREATY COREATHR fgrransision meta

10 cemplex. ‘ ot

Such a catalyst system for trimerisation of olefins is kmown
from EP-A-0608447 and consists of & combinabion of a transition metal
source, a pyrrole confaining compound and a meral alkyl in an electxon
donor solvent. The transition metal source comsists of a chromium,

15 nickel, ocbalt, or iron compound, prefesrably a chromium compound is
ugaed.

Because chromium corpounds are highly toxdc, and therefore need
special handliing precauticns, a catalyst system for the trimerisation
of olefins, which is not based on 2 chromium coupound is nseded.

20 A catalyst systam has now been found which is not based om a
chromium compound, but still shows a high selectivity inm the
trimerisacion of olefing with respect to the trimerisation product.

' Moke specifically,. the invention relates to a catalyst system as
indlicatad above, which is characterizad in that said catalyst system

25 comprises
al a half-sandwich substituted cyclopentadiemyl titanium complax

of foermula

(Cp~B (R} paxr) TiRl,y

wherain

30 Cp is a cyclopsntadienyl type ligand, optionally substituted,

B is a bridgiag group, based on a gingle atom selected from

the groups 13 to 16 inclusive of tha Periodic System,

Ar is a aromatic group, optionally substituced,

R is, independently, hydrogen, or a hydrocarbon residue,

iz opticnally being substicuced and optionally containing



18 August 2005 Z heteroatons, or groups R and 3 are joined together to form
aring, ais an integer equal to the (valency of 8 mnus 2), and Rl is a
nono-ani oni ¢ group, and 5 b) an activator. It is observed that the catal yst
system as disclosed in SP-A-0608447 is preferably a chromi um catal yst, but a
catal ytic system based on a titanium conpound, nore specifically Ti Q(acac)2,
was also tested as a catalyst for the trinerisation of ethylene. The 10
selectivity for hexene-1 was in that case neverthel ess ratisesugh:¢vgaod hi gh
selectivity for hexane-1 is industrially very inportant because of the use
of hexene-1 as staraeiw&gaa&iner,ia& Frotpé e apa ep atrat { @nedfl coghivhberenttokhnds of
(co) pol yners. i's, T4 8%her observed that trinerisation is in the above- 15

ment i oned reference and“in the present disclaosure defined as the conbination
of one or nore kPnd$ 8F HHEEPRsCTiftter?i et P MGAHETE §f “9t%fi n,®3% e. doubl e,

bonds is reducedgby;d \gomoﬁlglgng%rg Steigrehgation”  is thus i ntended to
I ncl ude ' rc?ot):}grl nerisation’. So, for exanple, the nunber of olefin bonds in

t he conbi {on 8P 3F ¢8R hyl ene units is 20 reduced by two, to one ol efin
bond, in 1-hexandt ¥ WQBérmamicrﬁsueﬂalﬁ!ate@SGy@I@pénﬁem@#yi-nt i tani um

Corrpl ex as ga-gafedkyst isl 5:&::*&%9@&681%@%%@@1@ aiaux.sta chSa1KROWNsvis0Em
exanpl e fr%m I\chom)l 1999, 32:5 491 4493, ‘LQ &,g&aaaa er’I ex ]?oes
nevert hel es@ R8T Fat e F2Br GRS FrouF 5o T T8 “4FFudt G e Zover, e 25

catal yst sysketed sisusethdadyst rm::symt. hesws:m&tpmm hyﬁﬂm cmxt ai ni ng
signi ficapt ;@D Réc?ffé?.“fhgﬁ 3”%585’-%5%% IS5l MbSeliSad &8 é‘ar;b%‘i}' YGBr hsation

process. As |s from he properties of pol ymer do not
change nar k&®% RERETHEVaden tqeaﬁnm~ FENEE L . PEFRIEI ng
uni ts, cont rRéryhd aseher preepsd-tl es ofaraipy ccnetixbifar nee byepatatgomsri sati on

or tri neri saikffient ROILTBE A2 LONGALAl VSt thus results in conpletely
di fferent products th a tripefisation cat yd-saé does. . Halt-sandw ch

cycl opent adi enyl ¥t i %Fﬁ’fﬁ‘"é“oﬁﬁ?ee? o125 6F % @8BtR) P ﬁ?‘f\?eS and
( CpB( R) 2A8) Fe@tidrgherdimrancpapdsa frthgrpresent disclosure defined as

combination of one oy moye kinds of olefins, wherein the number of
clefin, i.a. double, bonds is reduced by two. The tesrm "trimerisation®
iz thus intended to include “co~trimerisation®. So, for example, the
munber of clafin bonds in the combination of three sthylene umits is
20 raduced by two, to ome olefin bond, in l-hexene. ' .
A half-sandwich substituted cyclopentadienyl nitanium complex as
a catalyst, in the presence of a co-catalyst, is known for example
from Macromol. 18992, 32, 4491-4493. This titanium complex does
nevertheless pot have a brideing group in itg structure; worecver, the
25 catalyst system is used for the synthesis of polyethylenes containing
significant amounts of buryl branches, and is thus used im a
pelymerisation procass.
As ig known from EP-A~0 780 353, the properties of a polymer deo
not ghange markedly with the addition or removal of onme or a few
30 repeating units, contrary to the properties of a product ebtained by
oligomerisation orx sximerisatbion. A polymerisation gatalyst thms
results in completely different products than a trimerisation catalyaet
does .
Half-sandwich cyclopentadisnyl tCitanium complexes of formula
35 (CpB(R)3Ax) TiMes and {CpB(R)Ar)TiCly are known per se from

J. Safmannshausen et al., J. Organomet. Chem. 199%, 592, 84-94. In
these known complexes B(R}sAr can be CMesPh, CHFhy or SiMe,Ph. Thase

camplexes were only used as polymexization catalysta; there is no
indication at all thaf these known catalysts could effectively he



S. Sa&mannshausen at at., S. Oganonmet. Chem 1999, 592, 84-94. In these

] mown conpl exes B(R)2Ar can be Cwve2Ph, CKPh2 or Si Me2Ph. These conpl exes
were only used as polynerization catalysts; there is no indication at all
that these known catal ysts could effectively be 3 18 August 2005 wused for
the selective trinerisation of clefins, on the contrary: it 1is said that
the effect of a conparatively weakly coordi nated pendant_ _|igand, such as
phenyl, on the behaviour of a polynerishtion catalyst F%AW‘%I‘? t to
predi ct. : Nbredofer thy poiasithre TrATeRisables &Ff ecttigh - 05 teat (AnFFErhaving a
bri dgi ng grupaodlahacofisd Sk f 8 @npgte igbdmweakdy @ol-EiftRicispdridant
process of E hage o) | xenesz ' » I g Ln.
this refere% e. As %%n% ?r?ga?ﬁ‘e%grte%e bhﬁ?’%%grc%%obgn aglg%%ﬁégi g?eé%isgand,
which is opts GRaF1SHE UER tFEEEEY. YPE WBFe DPEFEIRERA yavaysrapieprfect of a

cycl opent aidtaeaisc inademy la oriddingopenyl ogiouppsidvioh oMy béngusbsten,ut ed or
not with ong.to fiye :‘.4&%@?@5&@9@%@&0% s&aasvs&e&gng,en%' o0 One to
nine (fluorenyl sugstltuen al kyl  or silyl groups, especially nethyL or
trimet hyl si“}es‘?fx" RE . suggiephed (g g’é’taaﬁé?r%’ﬁ?t em according to the invention
Ar is an aronmat Re gmedpredvnechrs.s Copid enatddrpsobslisnyl edipeckigmsides t her eof
are phenyly,:BRPIY kel e 1gnktia¢enear phenanthrene. This enuneration is

not to be regarded as | m%ﬁtlv ; .other arommti,c groups.can al so be used,
orovi ded-d hat o UGGt AFRETTBNeombiaxs BISRFHAY o) o bt9THa OF 20 sai d
group, togetherenylt Brount.anhieh insypresupstitatedem nohed taboye to8fiwe g

bridgi ng greypiirsedina) Si i eoaldn sRlseel el Jt oM thenghd UEsudSnle) 16

i ncl usi ve, eferably C.l1f .0, .S, P 5 pmore eferably a or si: nost
FoFH B8 e Sl eter Rkt

preferably na pre ven %Y&n?rt he cat al yst

system 25 ‘Fonprivdesly- esRPPExX of the above given formula, wherein the
single = om forphnget BerNagkSsPfcafiddbogiOup 3 €O SinThsen aarfyoanor
silicon, ACL_LS.: b I . 1. ‘ eing n of er
aromatic er‘?tE F%%Agggp%%'agﬁé'%?&% L%trl%#%%o}{ %#F%%tgftﬁ?/dr ocar g%én r es‘j”'au uggg

opt i onal | y PE&EY oo HREREHATE0R o BERERGHTE, O eRaRETone, (b spepumezafiG 18ni oni ¢
hydr ocar bomot est theeyegpiiednad [Himicanita; nitgr hetewoat greupsrcan alse be

used, grcvidad that a coordination comgplax, based on n-alectrons of

20 gaild group, together with titandum is preosentc.

As mentioned above, B iz a bridging group based on a single atom
selected from the groups 13 to 1§ inclusive, prefersbly B, C, N, O,
8i, P, S; more preferably C or Si; most preferably C.

In a prefaxrsd embodiment of the invention, the catalyst system

25 comprises a complex of the ahove given formula, wherain bhe single
atom forming the basis of said group B congists of carbon or silicon,
Ar is pheayl, optionally substituted or being part of a larger

aromatic entity,
R is a halide, or wonc-anionic hvdrocarbon rasidue opticnally

30 containing heterocatoms, and
n is 2, then R i3 a mono-anionic hydrocarbon regidus, opticpmally

conkaining hetercatoms, or
%t is 1, then R is a di-anionic hydtocarbon residue, optiocnally
contalining hetercatoms.

35 Expediantly, bthe catalyst system of the iovention compriszes a
ticanium complex of the above given formula, wherein Cp iz &
cyclopentadienyl type ligand being substituted, besides said 8-(Rin
group, with 1 to 8 groups of formula -~YRZIR3R4 in which ¥ is ¢ or 8i
and B2, R3 and R4 are, independently, H, halogen, lower alkyl, aryl,

40 lower-alkyl-aryl, aryl-lower alkyl residue, wherein said alkyl and



nis 1, then Ris a di-anionic hydrocarbon residue, optionally containing
het eroatons. 35 Expediently, the catalyst systemof the invention conprises a
titani um conpl ex of the above given fornula, wherein Cp is a

cycl opent adi enyl type Ligand being substituted, besides said 8- (R)n group,
with 1 to 9 groups of formula -YR2ZR3R4 in which Yis Cor Si and R2, R3 and
R4 are, independently, K, hal ogen, |ower alkyl, aryl, 40 Lower-al kyl-aryl,
aryl -1 ower al kyl residue, wherein said alkyl and 1 18 Augusti8 Aggust2905 ar e

I ndependent | yasstibstet indegeodenlly witdriomezdopr norte «Honeme at kydrer bsdedues, sai d

al kyl and aryliggsidues.dhei 0gd ndependaniiy +bsoagdesk 0t Begibblhal, | east
one heteroatom sgl ected from hal ogen, mtrogen, oxyiqeen, sulfg.hur ag‘nd
phosphor. 5 IRFTE9PH ThPOt, 6efedf biesr V& "BhETCHY™  piofriet T5rPe Foa8n-
under st ood t IRittrsard, etygroatankpb)s cand beesphedr porated in the Hydrocarbon.
?:hal n, ?i }A@!I az II_"teiQrﬁéedﬁisaa?aﬂi’echno&éﬁgﬁ_ttﬁcaﬂeﬂf "pbPLRa Expadi gatly, said
ower al kyl residues i ng_the sanme or i fferent to_each .other, are
Fihear of brimeneree Feald FedRatent® fop LSt eReaft Rebigi  Tin a
further prefevgdcarimsdichabt, ¢S vhbl wschtpressntalapser oysteuhstimientabove
mentioned arwrogpoup in the alkyl aryl or aryl alkyl residue is a phenyl
group is Said halqggen.is preferably fluarine aor .chlotine. re preferably the
catal yst syst emﬁo?ﬁf’ﬁ%iﬁnnu@é'ht ?%’?]é)é%é“n%? iﬁgééf “aﬂ"sf'fhfl%sﬁi %ﬁ]l%%n%eimgef ofhe above
gi ven for mfl £LTHAEPE FOAXEFE oxbgharfye 517595, o8 JBanrient £d-6 Hisrl atesifees.
met a- or pars-mcggsgggcq_@ggg_lly%gtﬁ#‘s based an a carbon atom = ~is 2, then
groups R are, independently, net ¥:|’ or ethyl; or %ﬁis 1, thenagroup Ris
-012, or fornms wh ﬁ‘?‘é‘“&%"ﬁfe Fﬁﬁeef"ﬁ@?"‘%/ﬁ“f:hoﬁr pPEeefTli SHPOMPE cyclic
group, CP is s@5FdmOrsaCBH3b¢ & MeB8)iommidda?8 Rioun sachiorilkel amythyd azwl benzyl .
C5H10 . T Theaikal frSaadwl cha sHbsH Lubgd cycl opent adi enyl, titanium: -
15 Said halogen is preferably fluorine or chloripe. -
More preferably the catalyst system of the invention compriges
a titanium complex of the above given formula, whersin
Ar is a phenyl group, substituted or not ak the meta-or para-
pogsitionis),
20 B is based on a carbon abtom,
is 2, then groups R are, independently, methyl, or ethvl; or
n ilg 1, then group R is =CHy, or forms when R is CyHg or CgHyg

togaether with group B a dianionic cyclic group,
Cp is CgHe or CgHy{SiMesz), and

25 R ig chlorine, methyl, or benmzyl.

‘The half-sandwich, substituted cyclopentadienyl titanium
complex, forming a part of the presepnt catalyst system, ig in a
preferred embodiment supported by a carrier. This carwier consists
expediently either of a metal oxide, which is selected from the group

3¢ consisting of alumina, boria, magnesia, thoria, zirconia, silica, or
mixtures therecf, or it consists of a polymeric material.

Ag indicated above, the presant catalyst sgystem comprises an
activator. Said activator is preferably methvlalumoxane, a salt of a
non-coordinating anion, or a Lewis acid capable of abstracting an

35 anion from said transition metal complex and thus generacing a
cationic transition metal species with a non-coordimating aniocm.
An example of a salt of 4 nopn-coordinating anion ig N, N-
dimethylanilinium tetrakisg{pentaflucrophenyl)borate, while such a
Lewis acid 1s for example B(CgFgly. IL iz in this respect observed



Compl ex, formng a part- of the present catalyst system is in a Preferred
enbodi nent supported by a carrier~ This carrier consists expediently either
of a netal oxide, which is selected fromthe group 30 consisting of alunm na,
boria, magnesia, thoria, zirconia, silica, or Mxtures thereof, or it
consists O a Polymeric material ~ As indicated above, the present catal yst
system conprises an activator. Said activator is preferably methylal umaxane,
a salt of 2t non-cocrdinating anion, or a Lewis acid capabH@A%usq%ég acting
an 35 anion fromsaid transition netal conpl®ex and thus generating a
catiorxic tra‘nsition nmetal species with a non-coordinating anion. An exanple

of a salt of a %Bﬁ;%tF@% d}gcgﬁnbgnuééi M&ldémhwh?@ﬂ ‘%‘lﬂn% ganexata

tetraki s(pent afI uor o or at e, | e such Lew s aci anpl e
B(C6F5)3. It: i8 ‘faﬁ--‘PH%% tF%%i)‘ééf’“ dﬁ§é3|' W@Bcﬁeslglﬂuﬁu%ﬁn?wwﬁﬁ%ﬂ%ﬁ?%t i vat or
can be used pr ovmle:d:.—hh*aiaamcdzamiﬂmgtamlgenemam@ntatmahdﬂ:sute tEARBEbd QN rret aI

speci es with 2 pan: 6050841 \00R R Nhcr:ier! Bhlleh Sk BOOGGLNRLLAY ani on

meant to indicate the anionic pa derivative of the activa whi ch not
or only weakby WQ?G&PGI‘F%F%S“FO%‘H@%%FP&W“@ £R% RF BTN S ALY AYSESR Al st

system Preferably tireséabilyati@r aitsiviedh ik alethpkelnectaies Qaldr0 wiowds as VAO) .
The mol ar rati quQ, | T héa‘l @é@fg'o%n%i M1l [0 WediQRe 1P flmlOLQQo TJ&ezP{n%%e”t

catal yst system can SO conprise a scaveng Exanpl es of
scavenger are i- BnBNTharﬁi’ef‘FmBlﬁ’?N‘Bm SYSKe® 19§25 BB AT H-3P s CHEFRER 13y used to

scavenge i npur i 4dagen§&0MESanxaley et asatmagemedrwm-smg?dbm niasdiaghso.. a

producti vi B7 T@evgﬂvent Lon fu;]tsygerr It%t €509 a‘_g% %sgstto trimerize
ol ef i ni ¢ comfpoun ALt A rrylngo tFT e sation in the

presence of a cetiakesisagyen emiltaﬁs tde%ﬁ#beﬁ%?ﬁ?dWHtﬂS trimerisation
conditions. Such a tmhm&bs@éﬂoanfwm&&esmopxw&m%Sa&timzeccord_i ng to

the definition qi before Th& oLeflnzt's% bg Lmerl%ed i.s.preferahl

sel ected from C ? © SPEHIRS® of es Yot o 66 ES& 018t ns.
The preferred & &ke pFeagncecehyd éﬁ‘é“a’ﬁa %a*'aﬁé, defsrébest abeTabryden hyl ene.
20 The t enpsr atehtiRertiSapici ebadidiohd. tshen raargmertisdion 20k tbiGaes ajo-a

pressure which &%%91%@9{‘&% Egoémgr&nggefdregﬂlomgntg&v;é MRe. preferably in

the range of fro
The olaefin te be trimerized is preferably selected frum Co-Cap

olefins or mixturaes of two or more of these olefins. The preferred
alefing are esthylane and l«butene, more preferably ethylens.

20 The temperature is preferably in the range of from 20-1509C,
at @ pressure which is commonly in the range from 0,2 to 14 HPa,
preferably in the range of from 1,5 to ] MPa. |

The invention will further be explained in the following
axapples .

25 o
Bxperimental section
General considerwtions

. All experiments were performed under a nitrogen atmesphere
using standard Schleni and glovebox tschnidques. Deuterated solvents
3¢ {Aldrich, Acres) wers dried over Na/K alloy and vacuum transferred
before use. Cyclooctane (Aldrich, used as iaternal standard) was
digtilled from Na prior to use. Toluene {Aldrich, anhydrous, 959,8%)
wag passed over solumns of Aly03 (Fluka), BASF R3-11 supported Cu '

oxygen and molecular sieves (Aldrich, 4i}. Diethyl ether and TAF
35 {Aldrich} were dried over Al,;03 (Fluka) and the other solvents

(Aldrich) wera dried over molecular sieves (Aldrich, 4A}). Ethene



The invention will further be explained is the followng exanples. 25
Experinental section General considerations - Al experinents were perfornmed
under a nitrogen atnosphere using standard Schl eak and gl ovebox techni ques.
Deuterated solvents 30 (Al drich, Acros) were dried over Na/K all oy and vacuum
transferred before use. Cyclooctane (Al drich, used as internal standard) was
distilled fromNa prior to use. Tol ueng, (Al dr| ch, anhydrous, 99,8% was
passed over columms of A1203 (Fl uka), SASF R3- 11 supporte % ogen and

nol ecul ar sieves (Aldrich, 4A). Diethyl ether and THE 35 (Al %’ were dried
over Al203AGR| pidymeangradae eishpessed| ywart BASH RBdll shppomsed Tl ioggge/er nol ecul ar
si eves (AdbbelrarAla ug&ngQi&Wgcgogg (AGA pol ymer grade) was passed
. over HASP 83- 11 supporte scavenger and nol ecul ar sieves (Al drich, 4A).

The conpounds B2%.Guprunds: fyf-wae Fienefalvengy SisasCRa®y1C - CH2) Ph) Li,
(CSI—MGVEZFW;%QII*@ﬁ%%at@Fsﬁswéﬂrﬁq?rao%‘}’geﬁa@mmgdstn 2005 Exanple 1),
(C5H4ASI Me2Ph) Ti C13 (the catal yst used in Exanple 3),

(C5H4CMe2- 3, 5-MeC6H3) Ti A 3 (the catal yst used in Exanple 2) and B(C6F5)3 were
prepared according to procedures known as such. 6,6- D ethylful vene was :
prepared anal ogously to 5, 6-pent anet hyl eneful vene S from cycl opent adi ene and
3-pent anone. (C5H4CMe2Ph) Ti Me3 used in Exanples 10 and 11) was prepared

t hrough nodification of a known procedure by reaction of (CgH4CMe2Ph)Ti C 3
with either Me2My or MeMyl. The preparations of other titanium conplexes are
di scl osed hereafter in the Preparation Exanples Ato F. 10 A toluene sol ution
of MAO (26 w% Akzo Nobel Chem cals), MAO supported on silica (5 wt% Wtco)
and [ PhNMe2H)[B (C6F5) 4] . (Akzo Nobel Chem cals) were used as such. NWR
spectra were recorded on Varian Gem ni 200/ 300 and unity 500 spectroneters.
1S The 1H NM?. spectra were referenced to resonances of residual -



protons in the deuterated solvents. Chem cals shifts (8) are given
relative to te tranethyls i lane (downfield shifts are positive) . GC

anal yses were performed on a HP 6890 instrunent equipped with a RP-1

di et hyl pol ysi | oxane col unmm (19095 Z--123). GC-Ms anal yses were 20
conducted using a HP 5973 mass-sel ective detector attached to a HP 6890 GC
I nstrunent. Elenental analyses ire the average of a |least two independent
determi nati ons, Preparation exanple A 2% Preparation of (GbAdgudPBinsTi C 3,
to be used 'Enarﬁﬂarrpl e (msagajmdﬁpbpamgi mheof:a(ﬁffdd:(}mynmxéﬁ@la S)Ol ution of

11.3 mol n- ther/h 12.0
mm|)rrg? qg %\Iggcﬁ%ﬂgagi ‘58%6%%“% SR%E A 'r‘fr"% &ljf S §a| | owned

to warmto ewgn;:-}@ &@meka@wﬁ agehrathg r@dpwﬁmgbtmmeascﬂuwantss,s\mre
renoved in vacua. The white residue V\is st pent a

ed WI th
Finsing  wi PHESR L EBLTRR oM SHERRES AT ‘f‘%"@?iﬁr% 2o ARt el B
ol e58) Eof avakinemcadkert wag 1 gotume - (CHUWRADUDM LIRS | 0

8. 04-7. 92 33 (t 35 26
Hz, 2H, Q3§ E;Laércpé.gs Ilo angn](.j‘_.d IN-E' pj'gua%ic§r&r u%ti dEf%tz%B‘?fg c&?l:Ng
(75.4 Mz, medleye 18 TRBCqUPRE d%ﬁs@‘}vﬁz?ké’éi%la( Ph‘ﬂb aléﬁmmmem °% 29,5 (Ph

0- or M CH)yq %hé%} eBafdiond 20 QeflP GLp LEbioddi3. 9 (Op
CH), 39.0 (CH b= Preparat|on of O—Eﬁg , 19 August 2005 To a
sol ution O %% ""'gr(’él SR PSR I of nethylene chloride,

cool ed agd-40 (erk yCiurdBoptict: £ 9!A08(©5 aedl. ) Akdd Nahel fbeN calls) oridde was
added. The &gaebbed 46 xtuie, \(@sg@él wiesh)abne AHAMBLE] (RQEDRLALUNRS:o

Overni ght. The nethylene chloride was renoved in Vacua and the green-brown
resi due wasNahadi phedcileh et ufrel 2AF FB- extraction with tol uene, the
extract was evapamat @skddiavasto radskdeicon axet aAClentiAsi 2ty 308 Saxdi SaDtwed in
met hyl ene chlpri.de crystals were obtained attar cooling to -40 *C.
Yi el d: 1_98&! f?g m’ﬁmwg $aw) 13 - 1E NMR (300 MHz, OBD6) : 5 7A9-7,03 (m
3R, Ph miSand p- Hhe, %m épgctr2Hved?h ref4fences, tcgareénpames @@)xaazeuam (a,

1265, 127 FIBCH Shess gl v nsed By Sanveiy ok ey
CH , 37.7 {ngpyvg Lo tetrame lgilane {downblal sh_ﬁts ares posit;ve)
analyses were performed on a HP 6830 instrument equipped with a HP-1
dimethylpolysiloxanse columm (1909% Z-123) . GC-MS analyses wers
20 conducted using a HP 5973 mass-selective decector attached to a
HP 6390 GC ingtrument. Elemental analyses are the average of a least
two independent determinations.

Preparation exampla A
25 Preparation of (CHCHPR}TiC)L:;, to be used in Exampla 4.
a) Preparation of (C.HCH,Ph)Li
Tes a solution of 11.3 wmnol n»BuLi. in 30 ml of diethyl
ether/hexans at -40 °C, 1.87 g {i2.0 mmol) of CpHCH,Ph [2] was addsd
dropwise. The reaction wmixture was allowed to warm to room

10 tewmperature and stirred overnight. The solvents were removed in
vacua. The whice regidus was stripped with pentane. After rinsing
with 3x 10 ml of pentane and after drying in vacue 1.3% g (9.6 mmol,
85%) of a white solid was isolated. - ‘H NMR (300 MHz, THF-ds}: &
8.04-7.92 (m, 4H, Ph o- and m-H), 7.82 (m, 1H, Ph p-H}, 5.33 {(t, i

3% = 2.6 Hz, 2H, Ccp), 6.29 {t, Ty = 2.6 Hz, 2H, Cp!}, 4.61 {s, 2H, CHp)
- Bc aMr {75.4 MHz, THF-da}: § 148.2 (Ph C ipso), 130.3 (Ph o~ or m-
CH), 129.5 (Ph o- or m=-CH}, 126.3 (Ph p-CH), 120.0 (Cp C ipso), 105.1
(Cp CH}, 103.9 {(Cp CH), 39.0 (CH,)



Anal . calcd for C13H11Tid 3: C, 46.57; H, 3.58; Ti, 15.48. Found: C, is
47,07; 9, 3.75, Ti, 15.38~ Preparation exanple a Preparation at

(C5H4CEt 2Ph) Tid 3, to be used in Exanple 5. a) Preparation of C5H4, (TMS)
CEt2P 20 To a Solution O 4.S5 9 (58 mvol) PhLi in 200 m of diethyl ether,
cooled at -50 'C a.0 g (60 a 1) of 6,6-diethyl fulvene C 11 was added
dropwi se. The reaction mxture was allowed to warmto roam tenperature and
was stirred for | hours. After 3 hours #the yellow sol uti®Augast 200! ed Wi th
an ice bat hbandegafadibn( 62 SiageclfPnmmnty, of 25 trinmethylsilyl. chloride was
added dropw se. }hsrfga&w&w/% al fpved g 50 oY) M (EAck, AR P oAl &gand

stirred overnigh he reaction mxture was poured |nto i ca.
wat er. The PRwiekeyehrlopisle, expreird et wi4th “Ex P00 nintofld} 7 gfit Ee? rwcédm
ﬁ] ter whi chui&aah lwgﬁgﬂ;n@m%ﬂ@gm A@xarwwaéﬁwdamtm R,Qﬂ gﬁ}u@é@ tara.-.: ne.

e organjc_phas was_dried. on .MySo [ .evap e, Qiling
vol ati | es,sl n ’E‘,et??er?“ﬁe sl I¥g§ éﬁeﬁ % %s&r%‘é}gzé gtael F U r-‘gppar at us.
The pr oduc‘t’aﬂ‘dipsﬁpﬁl éldea%‘-"eﬁlit@ffé‘eﬂr r%@%e 0"35 GRFHePHs R REbaseof Afsaher s.

Yiel d: 9. 21a1c1ﬁ:a.€:‘afcmh:h B508ens , | the\@R: £:380 whkiZevgoChSed MBI HadmOEBE )the 3

720 (m A% e A U T Oy U iR, (ot ol - 631

(m 6H c- GHZ-eCEBY3i:@d06£tS; @ELITVEY b30 Prephieitd:of. B s(ctsmeﬁpzphgamd 1 To

a sol ut|951 ag.F 0&0 éa_,ém‘rgl of8 A g lel 5134%2m_mof JTeL hXA::? e jB 158 Qust 2005

chl ori de, qgg of tit ni um clorlde was
added. The 3% x?Br@*HA/as Sak? oled 450 rn3t7é- KSonFH éﬁpbr"at & @B nFSstiNEzed

overni ght. cIhg .ngt hybene oy orige a@ﬁdpe%wggm | N A6U0LANG tBR &RSigue was
stripped with pentane. Extraction wth hyl ‘ene chl oride and (EOO|II’lg to

60 C af f orti802t eQVHGRRSEr §Et SPL=05F - t I Firt 183 cOmPORINGY viddl-d: (8963 (15. 3
mol , 709 Ana3H SARE & cMHTiCDE) C, S44.524 Ed, 3398; Ti7. 35HE. Pbhndh &-K) |

7.17 (t,15,&M7, T 33 b -&H PhgnH), 7.06 (t, jJHa 7.3 Hz, 13, Ph p-H),
6.26 (t, 3Jm2.a Fz, 2K CO), 6.04 (t, jJHK a 2.8 Hz, 211. Cp), 2.06 (m (dq),

2E, C 10 CH2-CE3) , 1.86 (m(dg)' 23, CCH2-CH3), 0-51 (t, 3J,,,, a 7.3 Ez,
6H, C CH3-RemBiratizeCadi1arB. 4 Mz C6D6) : 6 154.8 (Ph Cipso) , 142.1 (Cp C

Praparation of (CHCEL,Ph}TiCl,, to ba used in Example 5.

a) Preparation of C.H,{TM§}CEt,Ph
20 To a solution of 4.85 g (38 mmol} PhLi in 204 ml of diethyl

ather, cooled at -5¢ ?C, 8.0 g {80 mmol} of §,6-disthyl fulvene (1]
was added dropwise. The reagtion mixture was allowed to warm Lo room
temperature and was stirred for 3 hours. Affer 3 hours the yellow
solution was ¢ooled with an ice bath and 7.6 ml (6.5 g, 60 mmol)} of

245 trimethylsilyl chloride was added dropwise. The mixture was allowed
to warm to room temperature and stirred overmight. The reaction
mixture was poured into 250 ml of ice water. The water layesr was
extracted with 2x 100 ml of light petroleum, after which the combined
organic laysmrs wers rinsed with 200 ml of brine. The crganic phase

30 was dried oo MgSO,. After evaporating the low-bojiling wvolatiles in
vacua, the residue was distilled using a Kogelruhr-apparatus. Tha
product diztilled at 1190 °C at 0.5 mm Hg asg a mixture of igomers.
Yield: 9.21 g (32 mmol, 55%) - 'H MMR (300 MHz, CDCl,, main isomexr): &
7.28 {m, 4H, Ph o~ and m-H}, 7.18 {m, 1H, Ph p-H), 6.40 (m, 1H,

35 CeHyl, 8.3) (3, 1H, Cehd, 6.22 {m, 18, CsH) . 3.27 (s, 1E, CsH), 2.02
{m, 4H, C-CH;-CHi), 0.72 (m, 6H, C-CH,-CH;)}, 0.06 (s, 9H, TMS)
b} Preparation of [CsHCEL,PhITiCL,

To a solution of 6.30 g (22 mmol) of A.1 in 40 ml of methylene




ipso)., 128.8 (Ph o-CH), 128.3 (Ph mCH, overlap with solvent), 127.2 (Ph
p-CH , 123.1, 121.8 (Cp CM 48.6 (C(CzH5) z ipso), 29.3 (CCH2- CH3), 8.5
(GCH2-CH3) - Anal. Calcd for C16H15Ti A 3: C, 52.57; K, 5.24. 15 Found: C,
52.75; H, 5.27. Preparation exanple C Preparation of (Cp( (CH2)5]Ph}Tid 3,
to be used in maple 6 a) Preparation of CSH4 (TM5) C [ (CE2) 2] Ph 20 To a
solution of 4.00 g (48 mmol) PhLi in 200 mM of diethyl - ether, cooled at -so
C, 6.95 g (48 mmol) of 5,6- pentanethylseneful vene [1] wat® AeH250pwi se.
The react i onhlwniider ecoclad at |-avett,t . asamin {4 2r gom enplr afutamdrwas

stirred forgénGcl}}la%S“,arﬁ Ak %g& %ngqgiéuwwéehifa&eaoéﬁm UBg6Q0! ed with an

ice bath an of trinethylsy] chl ori de was

added dr opwFEERSEAFRES g E?Je"“\ﬁ&s"%% o It Sﬁ}ﬁﬁ'é’ﬁp'é?'%trﬁ}“@’%d
stirred ovennighb. addheheeaatidoa wusxtmgmﬁswq:@upmtmt os2GF@cmiorofvitice _
water. The a S tragt with 1 of J1 [ um

after whi Ehm%ﬂﬁ{gﬁggﬁb%ﬁﬁe \A%er' ga%)él coaﬁilg ¥ \KE? ?&r I %%é%gd Eﬁ{“% “tm %e%?gai% bri ne.
The organi cophidset e driteardn 1-%}3@4 Aiﬁt &r (eS-dporati ARGtk h'elﬁ' "R bB19 i ng

vol atiles iggya the pesidue, Was-di st | bed pusibng a7 Kpgel ryfr .appar at us.
The product di st%lglﬁfed at “165 C at 0?4 torn as a mxture gf% |som§rs Yi el d:

8.96 g (30 ¥hmI2HE. B ym-H) 1 H f1 é@xod‘fm" 3c0 3Emeith A EbnérPE 55708 Tm 2H,
Ph o-H), 7.33 @ 2K, cBH, ne iy, (85 T 15 2( 0 BAK2EPhcm- K} . 46 Gmd Bidim 22H,c-C5H4)

, 6.15 (35 &H. 2 Sy 1l €2 » 02510 7 (Mg 4K, 7 (£5b) -
1.65-1. 48 & %% 3)“ 8a“"‘nﬁ ?d&-é — % 64)), 0 511 (Né ’ Pr eﬁg%at%nhof
{C5HC[(CHS)@}=P§§:T| e’ 09%8 A@gﬂu@tﬁz-zml ﬁtléﬁr%nﬁ?@hpomsd% (% 1IniSe £ 4 g,

(1:§HZ( ml)) ;adﬂ,gai at QP%O&Q:EW PQ@ .9f cﬁ&l #0c, Glexha s{%ﬁv&nt.], %70 -

i,0 yl en c00 a e
reaction CC&‘%;‘? (S'Wa’s ‘23rjr’0\bg}i ? fcﬁgﬁh 45 % @F’gﬁf'f‘})’eﬁgf?}re {/%é%tl rred
over ni ght . Fhe: F fetGydangi ht dmiade %sdrmm@eﬂu‘fmhac% 5éé‘né7t He Fedtdue was
stri ppedis Wddaapest aness The esi.due was extracted with nethyl ene chloride.
Crystallization froma 1:1 m xture of CH3C 2: pentane afforded red- brown
crystals of the desired conmpound in 78%yield (3.68 g, 9.7 mol) , - "H NMR
(300 MHz, (Bgparaigop 98amm1@6C(m 43, Ph o- and mH , 10 7.01 (m 1H, Ph

P-H . 6. 3hddpardliba dsS(ddor (& aWhrice,? &f vhl usdd T Example &
a) Preparatiopn of CyH,(TMB)C[{CH,)s]Ph
20 To a4 solution of 4.00 g (48 mmol) PhLi in 200 ml of diethyl

ether, cooled at -50 °C, 6.95 g (48 mmol) of 5,6-
pentamechylenafulvene (1] was added dropwise. The reaction mixture
was allowed to warm Lo room temperature and wag skirred for 3 houxrs,
After 3 hours the vellow solution was cocled with an ice bath and 6.4

25 ml (5.5 g, 51 mmol) of vrimethylsilyl chloride was added dropwise.
The mixture was allowed to warm to room temperature and stirred
avernight. The reaction mixture was poured iantto 250 ml of ice watexr.
The water laver was sxtracted with 2Ix 100 mi of light petroleum,
after which the combined orgenic layers wers rinsed with 200 wml of

30 brinme. The organic phase was dried on MgSO,. After evaporating the
low-boiling volaviles in vacus, the residue was distilled using a
Kogelruhx-apparatus. The product distilled at 18% °C at 0.4 torxy as a
mixture of isomers. ¥ield: 8.96 g (30 mmol, 63%) - *H NMR (300 MHz,
CDCL;, wain isomer): & 7.40 (m, 2H, Ph o-H), 7.33 (m, 2E, PH m-E},

i35 7.15 (m, 1K, Ph p-H)., 6&.43 {m, 2H, CH,), 6.15 {8, 1H, C¢f)., 3.27
{s, 18, CsH,, 2.17 (m, 4H, «-CHy), 1.65-1.40 (m, &6H, B~ and y-CHi),
0.03 (s, SH, TMS)
b) Preparation of [C.HC[({CH:)slPh}TiCY,




2.a Hz, 2K, Cp), 2.45 (d, 2J' - 13.2 Hz, 2H a-CH2 (eq)), 1.88 (m 2K, a-CH2
(ax) ) , 1.37 (br, 3K (3- and Y-CH2) , 1.25-1.05 (m 39, 0- and 1-CU,) -
13C NWR (75,4 MHz, C6D6): S 156.0 (Ph Cipso), 142.1 (Cp C ipso). 129.2 (Ph
o-CH), 127.9 (Ph mCH), 126.8 (Ph p-CS), 123.2, 15 120.9 (Cp CH), 45.1 (C( (
CH2) 5] ipso), 35.8 (a-CH2) , 26.1 (Y-CH2), 22.4 ((3-CH2) - Anal. Calcd for
Cl7H19Ti C13: C, 54.08; It, 5.07; Ti, 12.69. Found: C 53.93; K, 4.90; Ti,
12.62. Preparation exanmple D 20 Prepar atjon of [CSHAC(= CI—IZ)@’N,E,ngosto be

used in Exanple 7, Qazﬂ.u%(){:] 4200 {131 Q. :911 g14(gl 05 .gmglg %A%éd um

chloride 1in 40n1 t net ene chlori d cool ed at 6‘9 .6 mMmol)
[ C5HAC( =CH?2) SRR audSS THe o BRY | B HTIRIE WGE 4l ?‘fb\%éd‘“’c W m to
room t enper atdt By Be MaorSidel I €sbiov eithi-ghtc, The yedadichesiwate 2% renoved in
vacuo and the ?r eedr(;gbl ack residue_was sE epgncg_i

tane, t| on
with pentane “afforded §ial FaRaTy T ear ry pure mr?ou%’t"gre%fmf%?}‘gé
conpound. - MEERMeES0ChIVRAdeCHRG PR, o FEEE0 a0d) CISE rephjve 6’?-3551?(1111392@ 6p .
(2- 7 Tgy (2]'::2) RN, e@t@ﬂe(t'rhe:s@%:iug %ad"lxt*&%b%d GRkn ﬁ@ﬁl%ﬁe dthrlci%ZZJ-? (5Q§OC
s
i pso), 1309. SCfﬁléagﬁQ)&'/RT )fmmfzé g % %Qf ‘i%éﬁ 55’%5 ‘L:%?’%)eﬁ %1 1 (Cp
) 120, 5 ( CESCHEFYSCRRIE Cit dastend camERT g 8¢ oL %8 6y:68Ka, D.45; Ti |

14. 90. Foundm&_ 48 hir Hea 0% BBz, -ELI.%} 145 ?8153503&@3&%“&{‘ Exé’s[@lneﬁﬁ
Prepar at i 3-?‘ g; gs;E?)(B Si Ka ) CVe2Ph be used in

Pr epar at i B0 PORAE BehL 15 ss 1 T R oo Bl & ehals el
(C5HACMe2Ph) ki s [# A, a:@;)m zt@s 148 Augustii200&z, af, di-ethylegpt harsmngh, 20 nl  of
THF, cool ed |£ i ce_wat er s added

1.3 , 11.9 mol) TvsC
dropwi se. Th&mi%iHr e 3as a’r133 ¢ 3% ﬁ'rﬁ?‘%@'%&m%&?ﬁér%ﬁ \LIX?‘G hd Bt
stirred overpighy .. Frenye! tmm ml Juthn: waﬁsacmolggd d Npbée, Waber (@pdc4.8 ni
(12 nmol ) of ;8 5 S ed. Aft warm ng up
to room tenpe %’tu%ytiép %éa s{ﬂfre }f’ ?‘Ia%g Cﬁ ?\%‘ﬁ
suspensi ons was. Ak ethli, nasce mﬁe{z)andpéa}fi B a(](mAcg,,) 12¢ 4. ryeair)) TIVBGI; was

added drop r(]g Theﬁga§ éaﬁ\ﬁ\gag%%l‘élﬁgv\@d 0 yapm 10O 7(232‘9%5}15 g and

stirred over SY° s ‘pourt d it
wat er. The v@@@d | Ay ef¥3 .Rads Bxty.dét &4 -Ww24250 nml of |ight petrol eum

Praparation exampla D

20 Preparation of [CuEC{=CH;)PRITICL;, to bhe used in Exampla 7

To a selurtion of 0.61 mi {1.068 g, 5.4 mmol) titanium c¢hlomide

in 40 mi of methylens chloride, cocled at -S0 °C, 1.80 g (5.5 mmel)
[CeH,C{=CH,} Ph] i was added. The reaction mixturs was allowed to warm
Lo room temperature and was stirrTed overmight. The volatiles were

25 remaved in vacuo and the green-black residue was stripped with
pentane. BExtraction with pentane afforded small analytically pure
amounts of the desired compound. - 'H NMR {300 MHZ, CD¢l: & 7.2-7.08
{m, SH, Ph), 6.335 {t, *Jx = 2.7 Hz, 2H, Cp), 6.0l (&, Jpg = 2.7 Hz,
2H, Cpl, 5.58 (=, 1H, =CH,}, $.20 (s, 18, =CH;} - *C NME (75.4 MH=z,

30 Cebg}: § 142.5 (Ph C ipso), 139.7 (Cp C ipso), 139.6 (C{=CH,) ipso},
i28.8, 128.7, L28.5 (Ph CH), 123.4, 121.1 (Cp CH), 120.% {C{=CH,) -
Apal. Calcd for C.HyTiCl,;: €, 48.57; H, 3.45; 'Ti, 14.90. Found: €,
48.71; H, 3.55; Ti, 14.78.

35 Presparation Example E
Praparation of gH;(3.giMe,} Mae,PR]TiCl,, to be uzed in Example &
a) Preparation of C.H;{SiMe,),CMe,Ph
To a golution of 2.28 g {1Il.8 mmol) {CyH,(Me,PhiLi [S] in S0 ml




and the conbined organic |ayers were dried on MgSO4. After evaporation of

| ow-boiling volatiles, the residue was distilled using a

Kogel ruhr - apparatus. The product distilled at 115 Cat 0.8 Tarr. Yield:
2.87 g (8.7 mml, 74% - "H NWR (200 MHz, CDO3): 5 7.4-7.1 (m 15 5H, Pt:),
6.40 (d, "Sm. 2.2 Hz, 2H, Cp), 5.20 (t, 3J~ma 2.1 Hz, 1H Cp) , 1 .53 (a,
6H, CMez) , -0.03 (s, 18H, TWM5) b) Preparation of [CoH3 (3 -Si Me,) CMe2Ph]
TiCd1l To a solution of 0.92 M (1.6 g, 84 mml) Ti A 4 i n1bRAugl 2045

met hyl ene CHEOEiQﬂileGQisﬁ:daaﬁ 2 B@1Caf 2rHED @ci8ddinniek )wadfer201.5 ml (1.3

C5H3( Si Me3) - C X I to
room t enper arﬁ@was st rf%%%g\%gl?n%%ﬁ&&l‘ £ vo| at iegs“'la\%\/em?'g'&r&eimed in
vacua and tH@IF‘e’é‘P d‘ii’é“‘v%ﬁ‘WFFF‘ﬁ‘f%dﬂ%\n 4§ E%’r&ﬁe""ex&ﬂ%ﬂ%n}’%lﬁﬁ net hyl ene
chl ori de ancoteelddGadoysviled 160 e waddronged . 2. 46 g2(tmelinviicd ,2.88%- of the
desired c d WA 1 1+13,

Ph+Cp) , §57|g31%|‘-[':l SOﬁtl%Whé%gga%deg?:ar% é@gﬁéa 0462) 0.12 (s,
9H, TMB) - f“@wue-'?sthf %ﬂrw&g)stwﬁ g F*H’”ésrp’g’é’)mi% S§SPERsign

i pso), 144. waéCGodleiMs) idepsojsr kA8 . 7.6 H28(1. Gg] 1267 Tomeil2 6THSCL] Rds GaddBR+Cp
G, 412 (B2, Jd50ke lcde %,9&50&1%@ 0 vz LoVl chBBkacyal g fof
Cl7H1L1SI Tid 2;:™ 30. C, 66; Ti, 11.69. Found: 49. 70Q; 5. 68;
Ti, 11.59. PF%’ﬁé‘?"at"“’Bﬁ“@F&np"F’ée li"eﬁsr%"ba?‘r“ﬁ??’iﬁ’r"ﬁf““ P‘m’e‘* ines 125 ml'ice
(C5H3 ( 3-19 WeByCMF2e3wdb-avk 1 €58, Wi Chd-rrot sk wate Fd ml Ib LEghiedc9lepm

?repar ati on ,af @@ﬁeﬁbi\&‘&)@& 12pd¥R Goure FQidd SR U% QN zQéte% 15 g (5.3

mol ) (CpCl\/e23 Ve2C6 édghyl th.ice
water, 0.7 ‘f‘éfaélﬁn qjg_@ ’)q'mgrﬁr'g?tth T%i F9F S t‘d'gtlj &8 “§r8pwi se.
The reacti ol mgﬁnmarmai:&uﬁﬁ Auglmodﬂeﬂﬁizsailmdttua/\m mst 0.8 oaw .
tenperature S tlrre rnipght, | ite i,on oled to
1507 and S XAt 8T % 3T ARG U0 Fin - of T B TR neRaNes B Yadded

dr opwi se . 15ABEerFisti #’Hf-hgdf, ol¥w3 *h@ut = atH.afbl ertt. EPeht;)et’léatzu#é 1t He- rdaction

vessel was phacedshngd C%qwa@egﬁ anda0¢a b (Gmé)g, 6.4 mml) trimethylsilyl
chl ori de vasg dedThe Leg QN .Im, !\lnja,scallomedto warm up to room
tenperature SRR ) i —F ture was poured into 100 m
of ice water. TH%O \Raﬁ@?uﬂi&y-evf v%:é‘zefklt racf et Bwk cwom t FEBG 58omt i¥ns of

light petrglaufenandutiesconhingd £ gani-e, | Avars veneqftiedsover MySO4, .
20 Oy (SiMey}IMe,Ph was added. The reaction mixture was allowed to warm
Eo room temperature and was stirred overnight. The volatiles wera

removed in vacuo and the residue was stripped with pentane.
Extraction with methylene chloride and cooling down to -§0 °C
afforded 2.76 g (6.7 mmol, 80%} of the desired compound. - ‘H NMR

25 {300 MHz, Cg): § 7.1-6.85 {m, SH+1H, Ph+Cp), 6.57 {(m, 1H, Cp}, 6§.33
(m, 12, Cp), 1.63 {s, 6H, CMey), 0.12 (s, 9H, TMS) - “C MR (75.4
MHz, CeDe): 8 188.5 (PR C ipsol, 148.5 (Cp C ipso), 144.1 {Cp C{IMS)
ipge), 128.7, 128.8, 126.7, 126.1, 124.68 {Ph+lp CH), 41.2 {Me,
ipso), 28.3, 29.0 {CMe;), -0.8 (TMS) - anmal. Caled for CuH.aSiTiCl,

30 C, 49.84; H, 5.66; Ti, 11.69. Found: C, 49.70; H, 5.68; Ti, 11.59.

Preparation axample F
Preparation of [QsHy(3-SiMe,}CMay;~3,5-Ma.CH;]TiCL;, to be usad in
35 BExample 9
&) Preparatiop of C.H,{(8iMe,).CMe,-3, 5-Ma,C.H,
To a solucion of 1.15 g (5.3 mmoll [(CptMe,-3,5-Ma;CH,]L1 in 50
ml of diethyl ether, coocled with ice water, 0.7 ml (0.6 g, 5.5 mmol)
trimeihylsilyl chloride was added dropwige. The reaction mixture was




10 ~Kogelruhr-distillation at 160 C and 0.4 Tor- yielded 1.26 g (3.5 noral,

86t) of the title conpound -- "H NMR (200 MHz, CDCl 3): 5 6.90 (s, 2H, Ar

o-H), 6.78 (s, 1H Ar p-H), 6.37 (m 2t1, Cp), 6.19 (m is, Cp), 2.24 (s,

62, ArMel, 1.51 (s, 6H, Cwve2), -0.05 (s, 182, TMS) b) Preparation of

CH, (3-Si Me3)CWe -3,5-Me2C6H3] Tid 3) 15 To a solution of 0.35 mM (0.6 g, 3.2

nmml ) titaniumchloride in 40 mM of nethylene chloride, cooled at -40 C,

1.18 g (3.3 mml) of C5H3, (Si Me, ), CMegr 3, S Me2CGAH3 was agldagusinep se. The

reaction mxfidied YR Saghl @y\/&@oﬁ&e\%@éf&u&@ dr@0We s eitperal uheranghevathstirred -

over ni ght . e yolatiles r d,kNy n S %5\@& ri pped

with 20 pent -aE'Ee $ raction o 8?{11%gg%t?a%g yclyg%gce%ql%f%f g %’i% %g}()

| i ght - br own®% By 8ttt sm mewi Fe0edroriye - AL, %u(rr’rflgl@f ephoursg 69 (s

2H, Ar a-H)at aﬁbﬁdm:( MendedohurEp theprddorio® aSsénuailpladel, in 2.88wdssr 6H,

ArMe) , 1704 2) . 9. By Al CDh). 5

159. . (Ar &d pso églv;% 5 C'i]“%sol =ity Mﬁ T carlie “‘?ﬁ%%fw*i%h% 9 (Ax

m C i pso), eZ‘StBOn Togtuge ‘T??ahl"‘"’fﬁ tp "’7‘“(‘@8 Ir°°5-‘ r@ﬂ’ral 1A m H),

41. 2 (CMVe2 smizopd RAxBiqgld. Zhée Ghib2)rs hs Spourdd Majto, lataleofoo&S)raE&:epar ation

exarpl e & APLEPAIALL0D Al LCAHCHE IR LCI2EN) 1%@;@%@9 1is ghgxawpl e 10

To a stirred solution’of 52 f C3H4C\e2Ph) Ti in. 30 m

of di et hyl @Fﬁ@?’e‘mboﬁ%’@d% 3 RO IR D BENRHEE FEYFhESPTmM br oni de

(4. 62 Mt )Fogr ety bt Bl legrones: agled drd it SEOrz Theldedx L ukde gnds- 2l | ovved to

war m {0 1 0GR enpeRaLUr 6, AN WeS shhiked Eouhor(ado A, Scodile. SPkvER! v

renoved i n vacuo he red solid extracted with penfane. Cool 1 ng to -40 C

yi el ded recF“cr?-st‘a'IE@,fof~'f9r1ésrd€§|f‘%d’“ﬁ?ooﬁr@? (B60%ny+P2. $138mBY, 292k) - 1H MR

(500 MHz, @pb6)z:246 (s7.6d Befid) (M. 5006, #h mend o Hsans, Bmam'rﬂ)s) 7.02 (m

12, Pth)a - 81 d, 'J--7.5 Hz, 6H,

Bz 0 12 18%@2%‘2%%%@Z3%m@1 L 335&‘%@]“@%%& 2H, Cp) . 5.50 (Ps
t, "3,35= 2 gTppa soiptighpt 9. 3?7“‘{ s‘c -BH ﬁ 20m9l) gl cigTidkex)

13C- NVR (121& Zc MRoE @G lend dABrHie SroddedCat psd) PC1491E £s(3. Izm@mpso)

146.7 (s, '{é’é@,) C'ltg&383(mmﬂl‘1va§n11§ﬁd|'|§rmﬁﬁsm (e QUAL:RR Watdhr
sol vent), 128 =151

(ed wth, sol vee 127 0
"3k T8 SHPveR, o B0 o0 AT G Ry S e ALY 4 (
'J, =156 Hz,TheP#plp-t@H#s we];@Br&t@JV@dt in Y3Ckn B8O Hie rBgidreCigps stngyai («dith
1JCH-168;83%enkdhe . Extraction with pentans yielded 1.02 g (2.3 mmol, 73%) of

light-brown czystals. - 'H NMR (300 MHz, CeD¢): § 6.96 (m, 1H, Cp).

6.69 (s, 2H, Ar o-H), 6.64 (m, 1+1H, Cp + p-H), 6.55 (m, 1IH, Cp),

2.08 (s, 6H, ArMe), 1.70 {s, 6H, CMe;}, 0.13 (s, 9E, TMS) -~ Yc mMR

{75.4 MHz, CeD¢): & 159.1 (Ar C ipsc), 148.5 (Cp C ipso), 144.1 (Cp

28 C(TMB) Jdpse), 137.9 {(Ar »-C ipse), 128.8, 128.4, 127.8, 12¢.7 (Cp CH
+ Ar p~CH)}, 124.1 {(Ar m-H), 41.2 (CMe, ipso}, 29.3, 25.2 ((Mey), 21.5
{(ArMe), -0.9 (TMS)

Preparation arxample @
30 Preparation of (CQ.H,CMa,Ph)TL{CH,PH},, to be uszed in Examplae 10
o a stirred sclution of 0.352 g of {(CHCMe,Ph)TiCl; {1.%4 mmol)
iz 30 ml of diethyl ether, cooled at -40 °C, a solution of benzyl
magrnesium bromide {4.562 mmal}l in diethyl =sther was added dropwise.
The mixture was allowed to warm EBo room temperature and was stirred
35 for 3 hours. The salvent was removed in vacuo. The red solid was

extracted with pentane. Cooling te -40 °C yielded red crystals of the

desired product (560 mg, 1.1l mmol, 72%) - 'H NMR (500 MHz, CD: §
7.17-7.11 (m, 10H, Ph m-and o-H and Bz m~H), 7.02 (m, 1E, Ph p-H),
6.90 (&, I = 7.5 Hz, 34, Bz p-KH), 6.81 (d, I = 7.5 Hz, 6H, Bz o-



CPT) , 113.5 (dm 'JCH,al72, Hz, cp CH) , 93.5 It, 1,T=-1.23 Hz, Ti-CH2) ,
40.5 (s, Cwe2) , 30, 2 (q, 1J .c,22 Hz, Cwe2) - Anal. Calcd for C38H36Ti: 10
C, 83.32; H 7.19; Ti, 9.49. Found: C, 82.63; H 7.32; Ti, 9.3%. Preparation
exanple a Preparation of (COH3-1,3-(CMe3Ph)x]TiCl 3, to be used in Exanple 15
a) Preparation of [C5H3-1,3-{CvexPh)2)Li 15 To a suspension of 2.28 g (27.1
noral) PhLi in 50 ml of n- hexaue, 6.14 g (27.4 mmol) of

3- a, a-di met hyl benzyl - 6, 6- di net hyl ful vgae was added. Theqgragjust pgps ref ! uxed
for S hoursm The 7spigei pit akg was, Pais! edg,ortj];g asgg@sepg‘rltt ang lensedzwth 2X

20 m of pentan ng_in, acalele Smm{; )
title 20 cor%%ourrg asg"élr?] g?’f - Wh tei E%T q' ga I\%‘(S }\/Rz E@%G {II%II;—(F-} ds)
5 7.55 (d, M3 }Dsd : & 24blz§ {4aH, 13 2w apH)’} " 11915 (em B4 E @hcm Hpé. 7.1 €en  2H,

Ph . Se He ~s5. o) res o o, £ORBe R 5 - UC
NNRp(;DB 4 Mﬂﬁgcﬁs&]}%@w- I 158335%%1%‘5‘ %90) 097%’('3 di48ne) 3* S0 U8

126.7, 124 72( PHock! %o f@@ﬂs PUgFleR) viky, %’1("6%’5( cl% §o)dlzl 5’@3%5’5
(CIVEZ) b) PF:e,parzabmﬂn otz&.’ls} oo Edpd 1583 &z,(@/ba?—léh) 326TkCldn, Tora=186] B2) on of

1.31 g (4.2, of - Ph). x]_ 23 f_ | e

chl ori de, Co%r}gé 5 lz[fg%l_@d% 43"‘# E hgz EJ a iﬂﬁ ?drg Q\A/aj':sg%ta% &

dr opwi se. Tﬁ@fdazfllé Br e s&hﬂ‘t”%n%vas%l wec?33® B vva’fwﬁ]tzé fEontt &%b’r ature
and was sti«¢ed (eyermd,ghtao Bhegsolouent2 suascxeyoverndin \Catoa mdckhﬁTIESI due

was stirggdsWighhy 40 gm 4014, peNtang, MU::FAB yas;Suhsequently 3@ off. The

resi due was extracted W|th 50 m ene, which was rep ace by a 1:1
m xture of nethylene chloride/ pent_ane (30 M intotal). Cooling to -40 C 35
af forded 0. 2Rpgrétich arEylel29% of the title conpound. - 3HtMR (300 MHz,

C406) : g;!igH P . H, .Ph & (m 4H,
Ph m or CGPI%%% m %—’(ﬁ (l_g)f {%%Q{‘}&rﬁ & bg‘%ﬁ%ﬁzgnl_%m s i3 1.60 (a,
69, CMe3) ,a)mmmf mmﬂ'ﬁmm 4 Mz, C D) : 13 18 August 2005
3 156.2,1448, 8 (MBha asitkpens (o 2%0) .28 $2827,1 #361)5 phi26ix) spPhL G n- 121. 5,

L2056y Fhand L S VPR B P 2 G MR gl Gl od o
Catal ytic efiﬂmnwmvmslw wilddd. ( CH-ACHEDLRN Whs ChSTUVES:E THer SelaptisonBRever e
per f or med iﬂke%z?i@t@' 888 phueeh o%!eoaytglcalsavmt( Mgl fBXha §iHd YxtRRErsd ure and
pressure copntro Ieg and egxu'vgguo vielded 4.18 g {13.6 mmwl, 50%) of the titls
20 compound as an off-white solid. - *H MMR (3040 r{ﬁz; CsDg/THE-dg} 1 &
7.5 {d, *Jgg = 8.2 Hz, 4H, Ph o-H), 7.18 (m, 4H, Ph m-H}, 7.01 (m,
2, Ph p-H), $.87 (m, 1H, Cp)}. $.83 (m., 2H, Cp), 1.79 (s, L2H, CMei}
~ Bg ONMR {75 .4 MHZ, CDe/THF-di): 8 154.9, 129.0 (Ph and Cp C ipso),
127.8, 126.7, 124.7 (ph CH), 100.8, $9.8 (Cp CH}, 39.8 (CMe; C ipso),
25 32.5 (CMey) . '
b) Preparation of [n®-CiH-1,3-(CMe,Ph),]TiCl,
To a solution of 1.31 g (4.2 mmol) of [CeEy~1,3~{CMePh);]JLi in
30 ml of methylene chloride, cooled at -40 °C, 0.47 ml (0.8 g, 4.2
mmol] Ticl, was added dropwise. The dark brown solution was allowed
30 to warm to room Lemperature and was stizred overnight. The solvent

was removed in vacuo and the residus was stirred with 40 mi of
pantane, wiich was subsequently pumped off. The residue was extracted
with 50 ml of toluene, which was replaced by a 1:1 mixture of
methylene chloride/pentane (30 ml in total). Cooling to -40 °C

35 afforded 0.22 g (0.5 mmol, 12%) of the title compound. -~ ‘H NMR (300
MHZ, Celg): & 6.98 (m, 2H, Ph p~H}, 6.5 (m, 44, Ph m~ or o-H), 6.70
(m, 4H, Ph m- or o-H), 6.50 (m, 1H, Cp), 6.40 (d, *Twm =» 2.6 Hz, 2H,
Cp)., 1.60 {3, 6H, CMe,), 1.54 (s, 6H, CMe,} - 2C NMR (75.4 MHz, CeDg):



wi th solvent and catal yst injection systens. In a typical experinent, the
aut ocl ave was evacuated and heated for 45 mn at 90 C prior to 10 use. The
react or was then brought to the desired tenperature, charged with 200 m of
tol uene and pressurized with ethane. After equilibrating for is mn, the
appropriate anmount of MAQ' tol uene was injected together with 25 m of

tol uene, Subsequently a mxture of 15 2.50 g cycl ooctang st andar d)

and 1.0 m ( a 15 mm, stack sgfution of etltanl mc rrplexin
t ol uene was gr#éch'edl,“'?ob%’t ABE R Fhl%’ém 2354 toﬁlste ¢, 1% ?Lal? ?he reaction.
During the rigt.sthezetsheoe qmesselure (ks Kejrsoborust.ant 28 @ \Acﬂ!d]b n- Gudlbar of the

nitial presgin By IRLA9EEN B dd @8 £ 6% ! heuaped fkptid.ug, td ag, 20 the
reactor was vented and the residual MAO was destroyed by addition of 20 ml of
et hanol . Sanpl es of the reaction mxture were taken to analyze ‘and quantify

t he sol ubl @ Tompdachi Satbluieeetiopr odueksias wishi (LBAMROR9CHYARI N aci difi ed
ethanol and repeasgalys ;e dyeth! ferBLHANk 2NUtdihghls RELEP!BUMLOMIA,G! 35S

frit. The pol rrer was intrall in air subsequently 1 n_vacua at
70 C over ni gHt® “‘e"}rhé“%%ﬁéﬁaﬁgeﬁtﬁ{"ﬁe&’@a?ﬁ%‘%‘@ %%P}ﬁ%t?da?‘%ﬂ'?%%rl zed in
Table 1 (et h@n:@ sohweertsand) oatchhydthén{<SH4gMe2Rang | ChBaMARical aémmm&y:s,t em

and Table 2 §1%t Qﬁggalcgnvga5| on%,uvgtt Qh Qgg g géggvgz@)nlnqaf c%al yast

systen). 30 €se experl FRCton consi St s pre d6m nantly of
1- hexene #999%%9, with traces of 2- and 3-hexenes. The only detectable
product of the Crhkr agddren ifs Lhogimbachtie (8 debncdd &Bm‘bé:at&::@’j xture of

somers wi ¢ gl Berybnylo 0% cofL o) 08N G3i0 Al kP Skfgh Ot plc (576

unsat urati on consi sts predonm nant | ens 5-85%
Hi gher ol ef .%u%éa@te?a)f%ﬁawm ghe @@?rowﬁéﬁeoa@ww%fw%o%ww w%ﬁmunt of
product fornedeclfabliegdthd] wibh %gml?toﬂ(ﬁeﬁlena Subgsequently a mixture of

Test P(et h . d - aARSs E | K
(Sir gi(t%%% %Qﬁzg‘%{’% 3% o%ra)l ofl%(i’%\g&gl%\%)%&%&%g §310.3

(1.2) 3. 5( 14) T8t 19635787 %fl B%o“zﬁ s reTale 1 SRS GtFF AFPATEE292

togather with 25 ml of toluens, to start the reaction. During the run
the ethene pressurs was kspt constant to within 0.2 bar of the
initial pressure by replenishing fillow., After the specified run time,

20 the resactor was vented and the residual MAO was destroyad by addition
of 20 ml of ethancl. Samples of the reacticn mixXture were taken to
analyze and quantify the soluble compenents. Polymeric product wasg
stirred for 90 min in acidified ethanol and repeatedly rinsed with
ethanocl and light petroleum on a glass f£rit. The polymer was

25 initially dried in air and subgsequently in vacuo at 70 °C overmight .

The results of the cabtalytic experiments are summarized in

Taple 1 {ethene conversion with the (CH,CMe,Ph)TiCl,/MAC catalyst
system) and Table 2 (etheme conversion with the {(CH,CM2,Ph)TiCL:/MAO
catalyst system).

3a In these experiments, the C; fraction consists predominantly of
l-nexene {9%+ %}, with traces of 2- and 3-hexenes. The only
detectable product of the & fraction is l-octena. The ¢, fraction is
a mixture of isomers with either vinyl {90%), viaylideme (5%} or
internal olefinic {5%) ungaturation, and consists predominantly of 5~

35 methylnon-l-ene (75-85%). Higher olefins (Cy3-Ci) constitute less
than 0.5 wi% of the total amount of product formed.



40.5%$012.4(83)0.2 (1.1)1.6(11)0.7(4.6) 1653 50.5903.317610. 0510. $)0. 21
4)0.8(19)440 5 Tol uene solvent, 15 unmol Ti, AL:Ti - 1000, 30 mn run tine
Table 22 Test R=tinme .13.: Ti C C C. 4 P6 Productivity ar, ming (wil 9
(Wmt) g (wet) g (mt) kg(ca) T-3 h.1 alai. (Ti) 6 i9 1000 16.6 1091 0.2
(1.0) 1.4 ( 8) 0.4 (2.2) 4413 7 30 71000 20.3 (03) 0.3 (1.2) 3.5 (14) 0.5
(1.3) 2787 a 60.1000 27.1 (30) 0.4 (1.2) 5.5 (16) 0.9 12.7) 1909 9 30 500
15.2 (861 0.2 (1.2) 1.6 (101 0.6 (2.6) 029 10 Tol uene s% st 2905 ((err)nol
Ti, 30 C, O0.fad¥Raiet hane Conparative( exanple A Catalytic e ane conver si on
with (CSH4ACMea) Tid 3 /MAO The general procedure and conditions of exanple 1
were 15 fol | gwed, Pfuymg tthe 4;!401\/9‘* )Tl CI 3¢~1}/AQ cat"al t sy‘s ﬂﬂFhe results
of the catal yiic &xperi neht [iste a

(et hanol TC. C_C. 96Product i yity, n NP (yet 9 )& ( I1e3(C4)
----=I1=-E h4 a0.§200.5 (:%7)@0 1 )%qiié‘(ﬁezgg%m(%ézj %g‘ 2: Catal ytic
et hane convefsioni-dith (%84Qﬁe{§§§3,,§5§ p@zcjp&‘ml Ct ,/j‘i/)%) Tlfé general
procedure an_g_ condptions tof , - 45 ; 5.0 NG
(CAHACMe2- 35S- Me2CAH3) Ti O 3/ MAO cat al yst system The resul ts of the :
catal ytic eXjpdpepemsodvente |LsSspeal Th. FadbFé % .1078bl ¥ #in Tew PEwt nene) TC. C. C. PEP
vitp ax. NFa-C9 (wtt)9 (wetlg (wt)g (..t%kw M4l awd(Til-, h4 100.5307,9
(94)0.02(0.2)0. 4( 6)0 1(1.3)1052 U0.5504.S (9316103(0.610.2(4)0.1(2.1)889 is
I S August 2 le '

Tast  RUB CimE  AL:TL  te Ty T PR nroctu.envi:y
ar . min g {wts) g {wied) g [weh) g {wiht) e )

' aal pri} b g
L 15 1609 16.6 [as) 9.2 {1.9) L.4 { 8} 9.4 {2.2) 4413
7 30 1aq0 20.9 (82) ¢.3 {1.2) 3.5 {14} 0.5 {L.3) ri:vi
a 50 le049 2.5 (an) 0.4 [3.3) 5.5 (L&) 0.3 {3._7) L8039
3 30 500 15.32 (96} 6.2 3.3} 1.8 (18] o.% (2.8) 2029

10 Toluane gsolvent, 15 pmol Ti, 30 °C, 0.3 MPa ethene

Camﬁarativ;a aexamplae A: Catalytic sthene cooversion with
{ gl (¥, ) TLCL, /MAQ
The gemexal procedure and copditions of example 1 were
1% followed, using the (CHCMe;}TiCl;/MAQ catalyst system. The results
of the catalytic experiment are listed in Table 3.

Takia 3:
Tenat. FPlachena} T Ce Cu Cin B procuctivity
ar. Pz ey g (wet) g (wh¥) g {wtw) g {wewW) kg (C)

@ak (Tii -k nt
@& 0.5 30 8.5 1T 4.1 (3} 0.1 {4} 2.4 (76} T

20

Example 2: Catalytis ethene conversicn with (CH,Obe,-3,5-
Ma,CeH;) TiCl,;/MAQ
The general procedure and conditions of example 1 were
25 followed, using the (CiiCMe;-3,5-Me CH,) TiCl,/MAO catalyst system.
The results of the catalytic experiments are listed in Table 4.

Table 4:
Tast Plachane} T T Ca Cra RE Produstivity
arc. MOx o g {wey) g {wei} g {wkk} g {waE) kg ()

mal {Tii "t nt
19 .5 ia 7.3 (34) 0.02 (0.2} 0.4 (5 3.1 {%.3) 1453
33 0.5 50 4.5 {33) 0.03 (0.6) 0.2 {4} Q.1 {2.1) 539




Exanmple 3: Catal ytic athene conversion with (C5H4Si te2Ph) Ti C13JMO The
general procedure and conditions of exanple 1 were 5 followed, using the
(CgH. Si Me2Ph) Ti A 3/ MAO cat al yst system The results of the catalytic
experinments axe listed in Table S. Hi gher olefin (C22-C24) are al so forned,
constituting about 8 wt% of the total amount of product forned. 10 Table 5:
East P (Athena) T G C, Cye Cu-C24 Pg Preduetiviry wur. "Pa Cg 4wl) g (WM%
g (Wm% g (W% 9 (w9 kg(C4d ma]. (Ti) 1 h't 12 0.5 30 244 9@%2 5 (5)
0.4 (7) 0.5 (6) 2.8 144) 284 13 0.5 50 ¥ 6 (47) 0.4 (7) 0.1 f‘? A7) 1.1
32) 352 Exanple 4: Catalytic ethane conversion with (CSH4ACH2Ph) Ti C12/1 O 15
The general procedure and conditions of exanple 1 were followed, using the
( CSHACH2Ph) TiBGaSp IWAO: certalysic sathepeconmersiosuries (GHLERe Rt TC)1/Mp0

experiments are |igd effnkbaldlte&reHia ond!l ©fdngSos (dehadp{24) ware al so formed,

constituti about 9 W% of . th tal n f ducts formegd. 20 Table 6:
Test P(at h%}f"‘?f?i‘.’e"m“%ﬂg st g e Rt ?géaglry.sg@is”t&&'g 41 9 (wt 4}
g (W% g (Keasuy-s wEiyhk oA}yl exrPirymansCargqlisgeg B0 T2ble (M2§ighes (6) 0.6
(9) 0.6 (9) 212e{rB3Akc68,,) | BrdabsdGodudl (38dsheBri) Bobt (DN, & Bhel 1 (22)
405 25 Exanple_5: Catal ytic e%hp%ngoco version with. (C5H4ACBt 2Ph) Ti C10/ XAO
The gener al 5?%% JUPE+and 86Rd115 ons o0 exanple 1. were followed, using the
(C, HkCEt 2Ph) TI C12/ MAO cat al yst system The results of the catalytic

experi ment1y akgrd issted in Table 7. 30 Table 7:

T"t P(attaaa) TCAC. CO79Pt oQ2ativity M.MBag (VIt415 Ives)g {w%g SwtEkg (C. )
Mal (ri)"t 1t“f‘es616'3@t5@016w5(0@10.35(;0.3%1.%&;2 1.6‘@;‘67%61 Frodactivicy

270. 5106. 7( 6%70. 33Y 0. 3) 0'%( 33 1=Y( 979135 EXHnpPe“D! ~ caf'lyt £H%%i-hane
conversion w th (CpQ(C) _fsjPh} Ll C12/ MO, 359, The general progedure and

e ¢ Y (36}
conditions ot:exal®l e 1 Werezs 417 0.4 (18 0.4 (7% 6.5 {7 1.7 {32} 352

Example 4: Catalytic sthene conversion with (O ECH,0H)TLCL,/MA0

15 The general procedure and conditions of example 1 were
followad, using the (CHCHPW}TICL;/MAQ catalyst system, The results
of the catalytic experiments are lListed iz Table 5. Higher olefins
{Ce~Cs} are also formed, constituting abouk 9 wti of the total
amount of products formed.

2¢
Tabla §:
TaRL P¢athmra) T e [+} [P Cia~Cra R Products-vicy
e, “Px " o {urt) F {wrd) 3 {wtk] g {wut) g {wel kg {Cs)
mal (ri}h Bl
14 8.3 30 2.7 {(43F P4 {8) 0.4 {9 8.4 t3) 2.2 (34} 351
15 - 9.3 54 3.0 (541 0.2 g} 9.5 {9} 2.3 (9} 1.2 (22} 498

25 Example 5: Catalytic sthane conversion with (CeECEL,PRYTLICL,/MAD
The general procedurs and conditions of axanple 1 wers
followed, using the {(CHCEE;Ph)TICL,/MAC catalyst system. The resultbs
of the catalytic experiments are listed in Table 7.

30 Tabla 7:
TR B iechenal T Cs Cs S PR Fraduct ivisy
ar. MPa e g fwet) q (wekl q {wtE} g {wce) .=~ JLw}
mal (7i) t wt
16 %.5 30 18.5 (98) 9.9% {5.3) L.4 {7} 1.9 {4.8} 24a1
14 9.5 LT:] 4.7 {84} 0,03 (0.3} 6.6 {5} 1.0 {%.9) 1184

Bxampla 6: Catalytic athene conversion with {CpCf(CH,)s]PR}TiCl,/MA0
as The generxal procedure and conditions of example 1 were



16 18 August 2005 followed, using the (C5HAC((CH2)6LFh}Ti C 3/ MAO cat al yst
system The results of the catalytic experinents are listed in Table a.
Tabl e 8: TestP(et Aanc) TC. C. C. PE2rodnQtivity O rfaecg (wttlCwt)g (wet!9
(Wt kg (C4) a01(T.1'" h"™ 180.53024.4(V)0.10.312.9(1010.6(2.0)324E

190. 5' 5012. Ot ab) 0. 10-411. 2( 9)0. 7(5. 2) X533 200. 573019. 4(9110. 040. 211. 4f
a)0.2(1.3)4362 5 + 30 mn run tinme, 15 rain run tine Exanple 7: Catalytic
et hene conversion with C5 é"‘t‘m@ Ph] ﬂ@? 3/ MAQ.  The ené?é}‘ﬂ Sg_giure of
exanple. 1 TEorBR HALAS T Ao cHe) <| BB LEE) P res SpRenc 28I yot
system The:sdnrdi ¢4 che mwes@lmarmenthar@atlabmd ¢nedgkeel frents are |listed
in Table 9. Table 9: Catalytic ethene conversion with the

[ CSHACK - CS Ph1T| Cl 2/ MAC system (tol uene solvent, 15 nol Ti, Al: is 1000,
30 nin run-®4fef: Test 0( at banal TC. C. ct nPE Os. I\/BauCg (wtt)g(wtt)9(v\Ct)g |
(Wtt) 21U S80L FiedoedNa) O L (9. 3) L. 4 é .0 G- 7) 220, 5501%&@0 03(0 2)0.7
(611.1 (a.%) >{Tadnat ‘Gl t)? ) CG‘§ 307 i‘ﬁﬁ’Q é‘thﬁf)l e E%Gatal ytic ethene
conver si on W asay | I\ 8 gngsera procedure and
condi ctiong of Qxarrpl &1 vsérae(aﬁo ol joOaWEdlz §s|;ng.i 5

( C3H3{ 3- Sixe3} Cik 39 C} JNE % &fich 9. Zl'ﬂea,;_eﬁsﬁ?fc of the

catal yti¢ ex3per| rrents are Ilsted |n Table 10. Table 10: Test P(etbatai T

O. tlva It min run time,

Example 7:; Carbalytic sthene conversion with [CH,C(=CH;)PhlTiCl;/MAD
The genaeral procedure of example 1 was followed, using the
10 [CeHC (=CH,) PR]ITLCL,/MAL catalyst system. The conditions and results
of the catalytic experiments are listed in Table 3.

Table 9: Catalytic ethene conversion with the [ColC{(=CH,)Ph]TLiCL,/MAC
system {toluene solvent, 15 umol Ti, AL:Ti = 1000, 30 min rum tdime)

is
Test, Pimcheas! T e =N Cua PE Productivicy
ax. MPa ke o (wetd g (why) g {wtx) ¥ {wka) kg i)
mol (P! nrt
21 3.5 30 17.3 {a8) o.1 {6.3) 1.4 {7} 9.% {4.77 2307
p-pe3 4.5 50 10.9 (B8}  4.83(6.2) 5.7 {§} 1.5 {#.3} 1448

Examplae 8: Catalytic ethene comversion with [C3H;{3-SiMe,}Cla,Ph]-
TiCl,/MA0 '
The general procedure and condictions of example 1 wers
20 followed, using the [CeHy{3-8iMe;) CMe,Bh]TLiCL;/MAO catalyst system.
The results of the catalytic experiments are listed in Table 10.

Tabla 10:

Teat  Pl{ethaus) T " Cu Cin Fi roductivity
oz, s e g (wtk) g {we¥) g (wod) q {uty) kg ()

) wed (Th Bt
3 8.5 30 5.2 (A% G.8 {3.3} 3.3 (11} @.4 (1.2} 3357

24 0.5 1 0.1 (44} 0.4 {1.%) 3.3 {14} 9.3 (1.3} 2681

25 8.5 au .4 (48} 0.1 {1.4) o.& ( &) 0.2 (3.1} LO6%

25

Example 9: Catalytic ethane cun;mrsicn witth {C.H;(I~«ZiMe,) May~3,5~
Me,CeHy1 TLCL; /MAD
The general procedure and conditions of example 1 werae
10 followed, using tha [Cp{TMS)}{Me,-3,5-Me,CeH;] TiCl,/MAD catalyst
system. The results of the catalytic experiments are ligted in Table



CAC. C ?sProdaetivity g Owtlg (wtt)g (w*)g (rtv)k9 (co eal(Ti)" h't
233.33033.2lasi 0.8(2.1)3.3 ( 1)0.4C| 2) 3357 340.5%$020.1(0410.4(1.5)3.3
(14)0.3(1-312883 25e.sBea.tlse)0.1(1.4)0.0 C a)0.2(2.1)1065 25 Exanple 9;

Catal ytic ethene conversion with (C5H3(3 Si Me3) C. y4e3-3,5- Me2C4H31 Ti C 3/ mAo
The general procedure and conditions of exanple | were 30 followed, using the
[ Cp(TMS) CMve2-3,5- Me2C5R3] Ti A 2/ MA. D catal yst system The results of the
catal ytic experinents are listed in Table 17 18 August 2005 . I1. For the run
at 30C, the C4 fraction consists of 99. ?%1 hexene, _and tHAXSMH E90ction of
94% 5- met hyl nbn-FPFeRRe TFpPe 3IC: Fhe Gt PRS- 8 0E % At L AP B et i vi ty
or. :1Pa C 4ahdwt¥e G (ftackifn (aft 84+ ¢-ed)inke{iCereeci (Ti)-L Il L 26 015 30
4.0.1 (84) 0-1. (4-2) 7.4 (15) 6.3 (0.6) 5347 27 0.3 so0 23.7 (82) 0.1 (0.31
4.8 (23) 0. 6#.9 3427 Exanple 10: Catal ytic ethane conversion wth

( C5HACMe2Ph) E(‘*‘Cl)ltiPh) 3/ MAO The general procedure and conditions of exanple 1
were 10 f8ll owed, usi ng the (C5H40|\/e2Ph) Ti (CSLPh),/MP, O cat al yst system The
resul ts of = TYr Ay & =2 e Test
a(nthem T Gz.C G 68 Rr:odqcmtwtyg ks MDY 4 Ged (wt;tt)ecag (v, m&tc)' g ( t% g
Iwt!) kg(& eol (Ti)'L h'L 26 0.8 30 13.6 (32) 0.3 (1.2) 4.6 (3ufi110x3 (1.6)
3175 29 O 1,
Cat al yti c etfane egnversi®n \M;tthaa(;CSH4£Me9Ph) Ti.3e34 MA@ Bhe general procedure
and conditi ons of aexanpl esel weneshHol [comedsi usiang dshe GCHHLCVEIRN) Ti Me3/ MAO
catal yst sySTem—THe TESUITS

Example 10: Cakalytic athene coDversion wibh
{CqHyCMea, Bh) T4, (CH,Ph) 1 /MRO '
Tha geperal procsdure and conditions of example 1 ware
10 followed, using the (CsH,CMe;PhTi{CE,Ph),;/MA0 catalyst systeztt. ‘The
resulbs of the catalytic experiments axe listed in Table 12.

Tahla 12:
Tast  P(sChenef Te Ca T1a T Froducuivity
ar. MPu ar g (wid} g (wt¥) g {wt¥} g [wieh) kg{ts)

aol tTh) 5t
28 a.3% Ia 23.8 {82} 6.3 {1.1] 4.5 {18} 3.5 {l.8) I1e
25 9.5 50 L&.5 {78) a.3 {1.1} 4.0 {17 4.8 (3.1) 2480

15

Example 11:; Catalytic etheme conversicao with (CgH(Me,Ph)TiMae,/MAC
The general procedure and conditions of example 1 were )
followad, using the (C.HMe.Ph)TiMe:/MAO catalyst system. The resylts
20 of the. catalytic experiment are listed in Table 13.

Table 13;
feat  ©l{echeansl T e & Tra BE Prodectivity
nr. MPa Lle] g (wcs) g {wen) g (wik) g {wtk) kg{Cs)

mol (i} "> p7?
30 0.5 36 25.7 {81} d.4 {1.) 5.2 {16} 4.3 {1.%) 3428
Il G.5 1] LE.1 (THi g.2 {1.3 1.8 (17) g.7 [(3.34) 2412

25
Exampla 12: Catalytic ethaene conversion with

{CsHMe,Ph) TiMe,; /MAQ/Si0;,
The reaction was performed in a stainless steal 1| 1 autoclave
(Medimex), fully temperature and pregsure controlled and equipped
30 with solvent and catalyst injection systams. Pricr to use the

avtoclave was preheatsd in vacue for 45 min at 20 °C, The reactor was



20 of the. Catalytic experinent are listed in Table 13. Table 7.3 ;

Teat P( et heeel TCAGC44P6Pr oductivity OS. Mpgg (ves)g (wt*)9 (wt)(weldg(C.)
imlti)'L h"L 300-53625.7(81)0.4(1.2)9.2 (16)0. 3(1-5)3426
110.930L3.1(7914-2(1.6)3-8 (17)0.7(3.113412 25 35canple 12: Catal ytic ethane
conversion wth (CoHACMe2Ph) Ti Me3/ MAQ 9i 0, The reaction was perforned in a
stainless steel 1 1 autoclave (Medimax), fully tenperature and pressure
controll ed and equi pped 10 with sol vent and catal yst inj ecggﬂpg&y ﬁms

Prior to use u Iav h I

reactor was |%&?§QA{:§&st 50%&@%&;@ 3@1 e%cgﬁﬂegedé\%’ ei%%”%gdqu ol uene
and pressuri zZ¥deRPt hﬁ%heﬁéll%&ﬁf?&ﬁgeaaﬂ%sbmd r?gsi—Wlsfrﬁ RS, IPEBPUTFY of
2.05 g of 5 wudh/sMAO:inl CF ain okOcdlluetl @l UL w-cwasStddeicbed adchogetles: wi t h 30

m of tolue S naI

st andar d) anggclkgg %@%&uy ﬁﬁﬁ%&nﬁoz 25% %o%t |°%%E%%n%f& Ph)T I Me2
in tol uene We¥-3FrAREE: egd 'E-o?;é‘%lhéP %4 @h ¥5anks oM steflusAdutics sfart the
reaction. Dljrdaa&memﬂ roFef he sihane WpisessidRed)\agkeir GRS tAENMLIEE W t hin,

0.2 bar of the-i.ni | enL.s £k 30 e
react or was \r}%n%%éé Q%‘g?é%%e?r%?crﬁ"%g r%g“s %a&/%%&ﬁmééé estrofmggﬁ‘hn3

addi tion of Z’f?snf‘a%’? “'@Pﬁ‘éﬁ’ﬁﬁ Lo $aifhfel - o2 hef FEgctHdH2N BeIFerfvdi¥e t aken to
anal yze and qugithishinghélsel wikter conpinentsreathersels denfqiobyetthene and

silica supgpr:tammgeréga&a@ Mlaa 95&' qgéex%%&témam Qb 8P 0y B2 thiead

repeatedly w th_ etHanol petrol éumon a glass frit. e ‘raterial

was 15 dried S3P4FF %E?ﬁl’fﬁﬁ“ég‘a %%’é*qﬂ'@"ﬁ?l'?]ﬁeﬁ cualye ?Bdé“’c?%i"?ﬁ ght,
yi el di ng 1.7 tgeosoldkilehcoimmrpoky ethenss fidac(payenasnean et detleral v@gortiThe

results of th@xea;@iﬁ&aclsmmm aﬁaﬁaall E&zeqaol &J%her%edw@peﬁgawtlons

were: toluene | v ht

per cent ages cé?‘guﬁf%"‘@ﬂl l&fb gpﬁ'tﬁaju%vtms"%nﬁ' ﬁ’laﬁﬁ é?é‘ %4?“““"31 as’

t est ?( et t €5¥ JEi & GrOBer odvRIEight yand subsequently in vacuo at 70 °C overnight,
' vielding 1.7 g of which the polyechene fraction was ncot determined.

The results of thbe catalytic experiment ars listad in Table 14; the
conditions wers: toluene solvent, 15 umol Ti, AL:Ti = 250, 30 min run
time. Welght percentages calqulated on C¢-Cy products cnly.

20
Table 14:
Yant  O(athene} T 2y Ca Cin PE produgrivify
oY, HP3, o g (wt¥} g (wew) g {wkk) g (wek) Ty (Se)
mol {PE) 7yt
32 2.5 38 13.8 [98) 6.1 (0.8) 0.5 {4} m.d. 1837

25 Example 13: Catalytic ethena conversion with
{CyM, IMa,Ph) TiMa, / [PhiiMa,H] [B (CsFy),]

The reactions were performed in a stainless steel 500 ol
autoclave (Medimex), fully temperaturs and prassure controlled and
ecuipped wich solvent and catalyst indection systems. Prior €O use

30 the autoclave wasg prabeated in vacuo £or 45 min at 3¢ °C. The reactor
was cooled to the desired temperature, charged with 150 ml of tolusne
and pregsurized with ethene. After equilibrating for 15 min, a
suspansion of 16.% umel [PhiMe;H] (B{C¢Fs)l(] in § ml of toluene was
injecred rogether with 25 ml of toluene. Subsequently a mixture of

35 2.50 g cyulooctane {(intermal standard) and 1.¢ ml (0.87 g} of a 15 mM
stock solution of the titanium trimethyl complex in toluene was
injected, together with 25 ml of teluene, to start the reaction.
During reaction the ethene pressure was kept constant to within 0.2



ar.?maC5 Cwt 83g (wet(g (mt)g Om k5(ec) 323.53013.8 (4510.1 (0.8)0."

(4)a.d 1837 25 Exanple 13; Catal ytic ethane conversion with (C5H4ACVe3Ph)

Ti M2/ (PhNMe2H (B (C6F5) 4] The reactions were perfornmed in a stainless
steel 500 nL autoclave (Medinmex), fully tenperature and pressure controlled
and equi pped with solvent and catal yst injection systens. Prior to use 30
the autocl ave was preheated in vacua for 45 min at 90 C. The reactor was
cooled to the desired tenperature, charged with 150 m ofsabuaregs and °
pressuri zed bartdt ekbeng.tiAl t @resaqoe [bybradieangshing fhownl After thuspmisedn of

19.5 mol [ PRYWBLELL 8(CARS)L cdod Ba2 FHneQl L0 JEAS 4Pae i) eel 8ot 0askpeL W th
25 ;M of toluene. Subsequently a m xture of 2. SOm%B%CI ooctane (I nternal

standard) af8™1.F¥ AP 0 .289155° SPCAVPEEH SR ot WL VISt hEPS i t ani um
trinmethyl conpimes was tmepeeneilyasioiany sttiedrhingethdrlight hpLEoiguobat @l uene,
to start tshe; Len.g | ' td : S &WEeleaRiy const ant
to within 0%2%%9%9‘155#5%%‘%? ﬁ%ﬁ&#g?dt Ea%irb??g?%?eg‘gﬁre by'replgni shi ng
flow After R d8sT3BY 2EufP F MVeTRRE Y- 4Bt Grests® PentR “ARYLYSARpl es of the
reacti on m kb€ meWed Garleak €8k 40 i ANl 2 €1 AN dng LRk £ Jonsheesol wblwngonponent s.
The pol yner s repeatedly rinsed with ethanol and |ight petroleumon a 5

gl ass f=it. &5l W&a’\s”-@ﬁ*’éﬁ T -4 P %R At ®hd subsequently dried in
vacuo at 70 C overnight. The results of the catalytic experinents are |listed
i n Tabl e 135¢afe sg0ndi tions were: toluene solvent, 15 unol Ti, B:Ti a 1.1,
30 minrun tine 10 Table 15: T't 2(athene) T C C, Cp Ph' Bvity AX nee c Q
(Wwe) g fwitess Fidesebdil ©§ (VET1 KO(GQ) uUalecl il I ee30. b3UdAGEdey U. 2( 1. 311. 2(
7)0.3(2.0) 1%48 %¥0.5501%. 0(D2FL. 2(%'.9‘&”2. 201%9*3. 5(BM A 1962 Eanpl e 14:

Catal ytic €fhene COnversi on w X | . he reaction
was perfornBd i §:3a staiffl esdd istlel o 5d0 sdukfc! dvk T ledlitex), fully
tenperature and pressure conirolled and equi pped wth solvent and cat al yst

i njection systens. Prior to use the autoclave was preheated in vacua for 45
mn at 90 CxapmderbhcCaralymis ebivinedcewyerhionladth off H&SHpemAT e/ (felirdged Wit h

150 m ofstol uente reaction was performed in s stainless steel 500 mL
antoclave (Medimex)}, fully temperaturs and pressure controlled and
acruipped with solvent and catalyst injection systems. Prior to use

the autoclave was preheated in vacuo for 45 min at 90 °C. The reactoxr
was cooled to the desired temperature, charged with 150 ml af toluene

20 and pressurized with sthene. After equilibrating for 15 min, 1.0 ml
(0.87 g] of a 16.5 mM stock seolubtion of B{(Fs}i in toluene was
injected togecher with 35 ml of toluente. Subsequently a mixturs of
2.5¢ g cyclooctane {intexmal standard) and 1.0 ml (90.87 g} of a 15 mM
stock solubticn of the titanium trimethyl complex in toluens was

25 injected, togacher with 25 ml of toluene, to start the reaction.
During reaction the ethene pressure was kept coastant to withim 0.2
baz of the initial pressure by replenishing £low. Aftar the desired
run time, the reactor waz vented and samples of the reaction mixture
were taken to analyze and quantify the soluble components. The

30 polymer was repeatedly rinsed with ethanol and light petroleum om a
glass frit. The polymer was drisd in air overnight and subssquently
dried in vacus at 70 °C overnight. The results of the catalytic

experiment are }listed in Table 16. The conditions were: toluena

solvent, 1S umol Ti, B:Pi = 1.1, 39 min run tcime.



20 and pressurized with ethene. After equilibrating for 15 mn, 1.0 m (0.57
g) of a 16.5 dl stock solution of a(C6F5)1 in toluene was injected together
with 25 m of toluene. Subsequently a mxture of 2.50 g cycloectane
(internal standard) and 1.0 m (0.87 g) of a 15 mM stock solution of the
titaniumtrimethyl conplex in toluene was 25 injected, together with 25 ml of
toluene, to start the reaction. During reaction the ethene pressure was kept
constant to within 0.2 bar of the initg@l pressure by reglggusidons f!ow.
After the demiedisrun time, the reactor was vented and sanples of the
reaction mxture were taken to analyze and quantify the sol uble conponents.
The 30 pol yrei—wesniepegt-edty—rnset—w-t-r-gHhanotpand—ghizpeisoteum on a
glass frit. =sfhe el ynmer -svasgdyeved isnivai r overni ght temd s qyggtly dried in
vacua at 7 i . i f re listed
in Table 16.3s a. LB speipes:, tocl (seshe 2K alsvent.s 85 pried. T B.Ti. - 1.1,
30 minrun tine. Table 16: 20 18 August 2005

TestP(etit TCC CAPHP: i dt - MP&<1 9 tlkg(0
nLAT ) 4 1 R0 355 CPIYEE | Peo iyt w1 o il ol
Cat al yti c etltMagbidnNels™das with [CTE -1,3- (CMe2Ph)2I Tid 3/b O The genera

procedure and copgi 4008, 01, X8R L aha WohB: § Uk OME LocakiBi £ LBEe
(Cva3-1, 3-( I C13/ MAQ cat al

aPh) z s _sy m., The results of the catalytic
Cxper ] memt s THELoTHG B SRl G 3 Y2 (RN & B P ARRR, FR0Y SR R The
t i aeC. CuPaPrddulds ¥it yheaacakia@ia=tirepdaery gitned ) yCebieltfTi 1' L ti. L
360. 53030k1. 9 19110A CS)0.3 (E. 3)1575 310.5 30 _120 _40S.6 tog)4.1 (6)0.S
11.5) 1550 Zlmhq:éé\lll\,@ 18 August 2005 :

T

Tast  »{atbaos) T Run cime O Cia 3 Productivity -

. MPx o ain g (wet) g {wed g (wey) fog (Ca) :
mol (Pi) "t At

38 ¢.% ¢ e 1.9 {91} 0.8 {H) 4.3 {2.3} 1575

N 9.8 10 1290 45.5 {89) 2.1 (#) 9.8 (1.5}  15%0




1. A process for the selective trinmerization of olefinic conpounds under
trimerization conditions in the presence of a catalyst system characterized
in that said process is effected by wusing a catal yst system which conprises 5
A} a cycl opentadi enyl titanium conplex of formula (CP-B(R)nAr)Ti Rl3 wherein
Cp is a cyclopentadienyl type ligand, optionally being substituted, 10 Bis a
bridgi ng group, based on a single atomselected from the groups 13 to 15

i nclusive of the Periodic System Ar is a2aromatic group, optljsﬁgal I écfxs
substituted, R is, independently, hydrogﬁg Or a hydr ocar bon PSSP X '
optionally being substituted and option &M cont ai ni ng 15 het eroatans, or
groups R and a are joined together to fox aring, nis an integer equal to
the (valency of B mnus 2), and Rl .is a npbno-anionic group, and 8) as
activator, 20 and whergipesaidl sok ehinidlecoROundear sl 6€bedsidiem C2- C10
olefines and mxtures of two or nore of t?es.e olefins. 2. A rfg_cess accordi ng
to claim1, whEPBRIEY| WPIsrotETe~ 14 12} FECT B8P %l“ttgﬁ'p%ﬁgaf”ﬂﬁée" rdm 20- 150' C,
at a pressure Eseslwdrlsisrahd chiraddisized cheristy] yaild prooesd MPaff8cted bPprocess

according to any. of .the ¢glains I, 2 in.the single atomformng the
basis of group B 1% &s‘éf%%ﬁgiﬁ "f’fr%fengé',hgg%;%’gi,sgsﬁ , pand S. 30 4. a process
according t® afy of atdvelepaitagidnelotB-apfhen compldre ofsfarghba at om fornming the
basi s of said group consi st) .af carbon or silicon, Ar is phenyl, optionally
substituted or bein pgf' Yoif gl“rf arger 22 18 August 2005 aromatic entity, RL is
a hal ogen atom or JHagei@ni oni ¢ hydrocarbon residue optionally containing

hetEH'QatonE’ and Cp is a coyclopentadienyl type ligand, optionpally heding
substitnuted,
pAs} B is a bridging gzoup. based on a single atom salected from
the groups 13 to 1li inclusive of the Periodic System, ‘
Ar is a arematic group, optionally substitutad,
R is, independently, hydrogen, or a hydrwcarbon residue,
optionally being substituted and opticamally containing
1s ‘ hetaroatoms, or groups R and B are jgined together o form
a ring,
n is an integer equal to the (valency of B minus 2), amd
®l is a mono-anionic group, and
B} a.x:. antigator,
20 and wherein sald oslefinic compounds ars selected from -G, olefines

and pixtures of two or more of these olafins,

2. A process according to claim 1, wherain said procesa is
effacted at a temperature from 20-150°C, at a presanre from 0,2 to 14
25 MPa, prefoarably 1,5 to 3 MPa. '

3. A progess according to any of the claims 1 or 2, wherein the
single atom forming the basis of group B is saelected froem B, €, ¥, O,
Si, P and 3.

k1
4. A process according to any of the c¢laims ! to 3 wherein the
- single atom forming the hasia of said group B consists of carhon or

silicon,
Ar is phenyl, optionally substituted or being pnxﬁ of a larger



nis 2, then Ris a nono-anionic hydrocarbon residue, optionally 5

contai ning heteroatons, or nis 1, then Ris a di-anionic hydrocarbon
residue, optionally containing heteroatons. 10 is 5. A process according to
any of the clains 1 to 4, wherein Cp a cycl opentadienyl type |igand being
substituted, besides said 8- (Ryn group, with I to 8 groups of fornula
-YR2ZR3R4 in"which Yis ¢c or Si and 22, _R3 and R4 are, independently, H,

hal ogen, |ower alkyl, aryl, |ower-al k??-aryl , aryl -1 ower 18lAggust RBsdue,
wherein said alkyl and aryl are independently substituted or not with one or

nore | ower 15 al i said al kyl and aryl residues being
i ndependent |y p‘l@é{‘/‘?%ﬁ*%?@%ét with at | east one heteroatom selected from

hal ogen, nitrbgana wxygen,atsnl far nardaphospghordrogariforpresicivs a@cording to

any of the clains fa 51hé’l4%§6§1@o@:520an id lower alkyl residues, being the
h~ ot her

sane or differeft to €ac ér,” are linear or branched Cl-C5 al kyl

resi dues, nore dgeédi fihenl R s aptdeptanipnia hydpeerboncesaiding cpbienailpf t he

claims 1 tp 6, WAGLLINngdretadbskAbY odroup in the alkylaryl or arylalkyl
residue is a phenyl rouFF 8. A process according to any of the clains 4 or
5, wherein shi dsha 63@% $sf B PREOTSF BHIEEFRTROR BeRiguep qptderaldYaccor di ng

to any of the ckghé®inkind helerdhmeln Ar is a phenyl group, substituted or
not at the neta-or para- position, His based an a carbon atom 35 nis 2,

then groups it are, independently, nethyl, or ethyl; or nis 1, then group A
is -CH2, or fornsswherprRces: G4EiBrding 05848y 28 tbgetladns vii th 4 ebprdracy

chi or  me. Sty f, S dfanchlibine Vil Matay st Biher R e ke 7 Cany of
the clains 1B6éRd srhepeiwithshite §igarpe micEommds TERBARDIRt BoEWONYaix&rrier.
or Si and B2, R3 and R4 are, independently, B, halogen, lower alkyl,
aryl, lower-alkyl-aryl, aryl-lower alkyl residue, wherein said alkyl
and Axyl are independently substituted or not with one or more lower
15  alkyl residues, said alkyl and axryl reaidues being independently
provided or not with at least one heteroatom, gelected from halogen,
nitrogen, oxygen, sulfur and phosphor.

6. A process according to any of the claims 1 te 5, wherein
29 said lowar alkyl residues, being the same or different to each other,
are linear or branched Cy~Cz alkyl residumes, more specifically

methyl.

7. A process according to any of the claims 1 to 8, whersin
2% gaid aryl group iz the alkylaryl or arylalkyl residee is a phenyl
GroOup .

8. A procass according to any of the claims 4 or 5, wherein
said halogen is fluorine or chlorine.
30
9. A process according to any of the claims 1 to 8, wherein
Ar is a phenyl group, substituted or not at the meta-or para-
position,
B i3 based on a carbon atom,
35 n is 2, then groups R are, independently, methyl, or ethyl; or
n is 1, theo group R is =CB3, oX forms when R is CyHg or CgHyg



11. A process according to any of the clains 1 to 10, wherein said
activator is nethylal onoxane, a salt of a non-coordinating 10 anion, or a
Lewi s acid capable of abstracting an anion fromsaid transition netal
conplex. 12. A process according to claim1ll wherein the activator is

met hyl al unoxane and the nolar ratio of Ti.:A is from1:100 to 1:1000. 15
13. A process according to any of t clains 1 to 12, wherein said catalyst
system further conprises a scavenger.” 14. A process accd? dhaust2e0i| ai m 13,
wherein said scavenger is 20 selected fromi-Bu3Al and (1-Bu3A1)20. 15. A
catal yst syst enb«ﬁ@uhethveitaheb:em;i Pea tdiandmiz atdcdac ofroudl ef i ns, characteri zed

in that sai ){._s r|§e§ cepRhf - S@ndw ch substituted
cycl opent ad?cspns%a%%ﬁ?’a?néu 3% %@{foréﬁiﬁl a ( Cp-B(R)aAr)Ti Rl13 wherein

Cp is a cyclqapegtadi.envd, ;,,gagyg_l |g@rg,qnz}ppt| nally substituted, ais a
bridgi ng group, based on a single atom selected from 30 the groups 13 to 16

i nclusive of the Periodic System Ar is a aromatic group, optionally
substituted, R isg. im@epe;uiea&&w&ckoogeﬁ,ofowachyﬂamaafdmr) wisdedrie,
optionally bei,ng substitute t| 0 %r caont al ning heteroatons, or

groups R and3g4 a'f‘eta]"b'f"hé’am?ge’d‘e?ﬁeﬁ FE-T RE¥E ¥ g, 24 18 August2005 a |s.

an integer equal to the (valency of B mnus 2), and Rl is a npbno-anionic

group, and b) an.act] yaholss M&%  ghy sk S LIMAc 0B el m 15,

wherein the singl"é” asi’s group a is selecte romB. C
ti, 0, Si, Palén%FtSW‘Il“-‘F ip Wﬁalm-’em #é@o?%iﬁn@"%‘@"&ﬁ?i’lﬁuﬁﬁe clains 15

or 16 100 Wagh&h ) dehg releRS| £oidl @4pabos HiNGhédiachast Sn0ini®al firddl QWpa B consi sts

of carbon or si I i.con, Ar is phenyl, optionally substituted or bei ng part of
a | arger transition metal complex.

12. A process according to claim 11 whersin the activator is
methylalumoxane and the molar ratio of Ti:Al is from 15100 to 1:1000.
15
13. A process according to any of the claims 1 to 12, wherein
said catalyst system furthar comprises a scavengar.

14. A process according to claim 13, wherein said scavenger ia
20 saelacted from i-BujAl and (i-Bujil},0.

15. A catalyet system for the selective trimerization of
olefins, characterised in that said catalyst asystem comprises
Ai 'a half-sandwich substituted eyclopentadienyl titaniom complex
23 ’ of formnia
(Cp-B(R) pAx) TiRl3

wheraein

Cp is a cyclopentadienyl type ligand, optinally substituted,

B is a bridging group, based on a single atom gselected from

30 the groups 13 to 16 inclusive of the Periodic System, -

Ar is a arcmatic group, optiomally substitnted,

R is, independently, hydrogen, or a hydrocarbon residue,
optionally being substituted and optionally containing
kateroatoms, or groups R and B are joined together to form

35 a ring,



aromatic entity, RL is a halogen atom or nono-anionic hydrocarbon residue
optionally 1s containing heteroatons, and a is 2, than Ris a nono-anionic
hydr ocar bon residue, optionally containing heteroatons, or nis if then R
is a di-anionic hydrocarbon residue, optionally containing heteroatons. 20
18. A catalyst systemaccording to any of the clains 15 to 17, wherein Cp
Is a cycl opentadi-enyl type |igand being substituted, besides said B-(Rn
group, with | to 8 groups of forrmula 2¥R2R3R4 in which ¥8aggéstanesSi” and R2,
R3 and R4 are, independently, H, hal ogen, 25 |ower alkyl, aryl,

| ower -al kyl -aryl, 5 anyl 5] QWREqda Kiphalr €81 «hee (va10hi8y &ieNaSRindsad Ky an@nd aryl are
I ndependently substituted or not with one or nore | ower alkyl residues,

sai d al kyl and arBd isesimdoesatieniy sxprwlepeddent|y provided or not with at

| east one hey, roa;g%tffa[tggged from hal ogen, nitrogen, oxygen, sulfur and
phosphor. 30 19. A catal yst system according to any of the clainms 1s to 18,
wherein said | ower al kyl residues, being the sane or different to each

other, arg |inear;@r absanghed Fhesd sabéddingesd QUEEn 130N dhersDEGinki 68414,
met hyl . 35 20. A catal yst System according to_any of the clains 15 to 19, 25
18 August 200%tSkh&PEMRIs 58 P3F3F oJr BTRF™ A ﬁé*ﬁ?"fg‘?fiaﬁﬂ“ Br Sar §r k¢ rResi due
Is a phenylagtaup. 21. A catal yst systemaccording to clainms 17 or 18,
wherein 5 said halogen is fluorine or chlorine. 22. A catalyst system
according to any of the clainms 15 to 21, wherein Ar is a phenyl group,
substituted or not7-at t¢dvelpet avereparcgerdiogpes ey oif, t8e icdabasdd on @ car bon

T hemoy o V8 GV, 8, o lscnt i, JELLY el 8 Biesel o 1
carbon or silicon, )
Ar is phenyl, optionally substituted or being part of a larger
aromatic eatity.
R} is a halogen atom, or monc-anionic hydrocarbon residue optisnally
15 containing hetercatoms, and
a is 2, thap R id 2 mopo—anionic hydrocarbon rasidune, opticnally
containing heterovatoms, or
n is 1, then R is a di-anionic hydrocarbon residuas, optionally
contalning hetarcatoms.
20 ]

18. A catalyst system according t¢ any of the claims 15 to 17,
wherein Cp is a cyclopentadienyl type ligand being substituted,
basides said 3-(R)n grogp, with 1 to 8 groups of formmla ~TR2ZRIRSG in
wﬁidh ¥ is C or Si and R2, R3 and R4 are, independently, H, halogen,

25 lower alkyl, axyl, lower-alikyl-aryl, aryl-lower alkyl residue,
wherein said alkyl ard aryl are independently substituted or not wikth
one or more lower alkyl residues, said alkyl and aryl residues being
indepeandently provided or pet with at least one hateroatom, selected
from halogen, nitrogan, oxygen, sulfur and phosphor.

30
19. A catalyst system accarding to any of the claima 15 to 18,
wherein said lower alkyl residues, being the sama or different to
each other, are linear or branched C;-Cg alkyl residues, more
specifically methyl..
as

20. A catalyst system according to any of the claims 135 to 19,



together with group B a dianionic cyclic group 15 Cp is 0584 or C5H3(Si Me3),

or C5H3(CMe2Ph), and Rl is chlorine, nethyl, or benzyl. 23. A catalyst system
according to any of the clainms 15 to 22, wherein said titaniumconplex is
supported on a carrier. 20 24. A catalyst systemaccording to any of the
claims 15 to 23, wherein said activator is methylal unoxane, a salt of a non-
coordinating anion, or it Lewis acid capable of abstracting an anion from

said transition netal conplex. 25 25. 24 catal yst system a‘ (A%rdltr}g#o cl aim 24,

wherei n the cti vator |s rret IaIu a nd t he m)lar {16 is from
17100 to 1. 1008723 s26d K¥E,75 & HARO0r F rif 8- '8*?1‘3/‘"87 Fpethid 1s Lrom

25, wher ei n phahgl gabap yst systemfurther conpri ses a scavenger. 27. A
catal yst system according to claim26, wherein said scavenger is selected

fromi-Bu; Al and (i-Bu2Al)tQO
21, A catalyst system acecording to claims 17 or 18, wherein

5 said halogen is fluorine or chleorine.

22. A catalyst system according to any of the claims 135 e 21,

wherein
Ar is a phenyl group, substituted or not at the meta-or para-

10 position, '
B is based on a carbon atom,
n is 2, then groups R are, indepeadently, methyl, or ethyl; or

i a is 1, then group R is =CHp, or forms when R i3 CyHg or Csﬁlﬁ
“together with group B & diaanicnic cyclic group
15 Cp is CgHg or CgH3(SiMes), or CgH3(CMeq,Ph), and

Rl is chlorine, methyl, or benzyl.

23. A catalyst aystem according te any of the claims 15 to 22,
wherein said titanium complex is supported on a carrier..
29
24. A catalyst system according to any of the claims 13 to 23,
wharein said activator iz methylalpmoxane, a salt of a non-
¢oordinating anion, or a Lewis acid capable «f abstracting an anion
k from said transition metal complex.
25
25. A catalyst system according to claim 24, wherein the
activator is methylalmmoxane and the molar ratio of Ti:al is from
1:160 to 1::1004Q.

30 26. A catalyst system according to any oﬁ_the claims 15 te 25,

wherein said catalyst system further comprises a scavenger.

27. A catalyst system according to claim 26, wherein said
scavenger is selected from i-Bu,Al and (i-Bu,Al}),0.





