Pype catal ysis), based on a G oup 4 or 5 netal conplex an :
Ziegler-Nattga catal ysts have a long histery. -The first repQ, '
honmogeneous Pl efin poliynerisation catal ysts conposed of a*&#oup

4 net
conpl ex and an al kyl al umi ni um conpound as cocatal yst were pubﬂﬁsﬂﬁﬁfﬁﬁb!
Breslow and Newburg (J. Am Chem Soc. 79 1957 5072 and 81 1959 81).

Subsequently, it was reported th anounts of water
to the above conpositions |ncrease&&$he rg%ﬁ%éqé é?%grlsatlon (WP. Long,
J. Am Chem Soc. 81 1959 5312; Long and BresIOM/ J. Am Chem Soc. 82 1960
1953). Later, Sinnand 6%%%%3&%n(%e&atb% o @%Eiﬁ%ﬁhc®%boé% gHyEt a

Chem stry 18 1980 99) reacted the al kyl al um nium w th equi nol ar anounts of

water to produé@lézla%%éﬂné enHicon Prdeerard st ienmane fte g ecti ve
cocatal yst. Cur(ice)ipol é&ibrkwmbl@ﬂiﬁhwd@elﬁ%@a\iﬁdls met hyl

al um noxane ( St i Iat et al . Soc. 108
1986 1718 andw%l)f(f o‘%ﬁﬁl@ﬁcﬁ{]a% %yﬁdstwhe B fet al
conplex with aGc:mqpo&nd;r tsrmea:ralorcomfpl\dx dmd 2 wrHEtallys y

non- coordi nati ng ( t em Soc.
108 1986 3117) shm%e ht(i%%t h%%)tablélalggrig)agr%o?%&e err%](?;((e)(i‘[1 ﬁ{%e | east
coordi nati ng afiigst aeporksneon (hqmoaenmm?@d&m mﬂmmmmomefu ned
groups of bul kyatgiRsian o?dﬂdé ¥t OUr Al taarll Qi?ﬁnp}%:@%ﬂi sts wth

Goup 4 netal |l ocenecat al yst's. e Goup 4 neta oun enerally are
alkylalumlnlum compound as cocatalyst were published by

Breslow and Newburg (J. Am. Chem. Soc. 79 1957 5072 and
81 1959 81). Subsequently, it was reported that the
addition of small amounts of water to the above
compositions increased the rate of polymerisation (W.P.
Long, J. Am. Chem. Soc. 81 1959 5312; Long and Breslow,
J. Am. Chem. Soc. 82 1960 1953). Later, Sinn and Kaminsky
(e.g. in W. Kaminsky, Adv. Organometal Chemistry 18 1980
99) reacted the alkylaluminium with equimolar amounts of
water to produce aluminoxane, which proved to be a much
more effective cocatalyst. Currently, the best known
aluminoxane cocatalyst is methyl aluminoxane (MAO). Still
later, R.F. Jordan et al. (J. Am. Chem. Soc. 108 1986
1718 and 7410) replaced the cocatalyst by reacting the
group 4 metal complex with a compound, the anion of which
is substantially non-coordinating (protonation).
K. Shelly and C.A. Reed (J. Am. Chem. Soc. 108 1986 3117)
showed that the bulky carborate Bj1CHj2 is "the least
coordinating anion" and Turner (in EP-A 277003 and EP-A
277004) defined groups of bulky, substantially non-
coordinating anions as cocatalysts with Group 4
metallocene catalysts.

The Group 4 metal compounds generally are



-2- netallocenes, contafning in relation to the four val encies of the netal
1-4, 'in particular tws, cyclopentadienyl (C5H5) rings, and 0-3, in
particular also two, alkyl or hal ogen radicals. Several patent publrcatrons
aso claimsinlar G oup 5 and 6 netallocenes, in addition to the stil
preferred G oup 4 netallocenes. In this specpfrcation the term

"ol efinically un§ é#rated hydro%¥Jbons 1S oﬁr n re reiﬁﬁt for

conveni ence by™ebpilerenesy| CORERINIDg dp, s 5 cations
relating to theateneiesdetn threegiedarall\lat-ma dant @Iaysmglﬂ.rad" &we;| osi ng ther r
use in the pol I [ rtr th @g}$ﬂ%

solid, high- m)?ég% ngwt%]&l%hrﬁ c?%%& rrin g#f e%{r?éng'rp?%e 69951 to
HOECHST, di scl eé,sngty@t,ala}skwlcmp@@lngm r@rdlcaIS- Several patent

bi s(cycl opent aghﬁ'ﬂua%'lbﬁ%”'all% elalﬁhlsqmlqezoref rsvlaqra @ ide with nethyl
al um noxane; EXXON, disclosin cat % conposrtrons of

~ substituted noMetaliogengsy in edditdomdm &group 4
hal ogeni de or mydnaedehiede and an alunrnoxane EP—A 277003 of EXXON,

di scl osi ng catal yst_c 0si tions..of .substi d _or ,unsyhst.it ed
bis(cyclopentadien&P)%gﬁﬁuﬁ ?cﬁéﬁﬁﬁtH§EVo5§Fb%8§mw gﬁ Ycontaining a
plurality of bumsatm&amEthydrdcaﬁMddqr ilsalni fitena nebprassn ted ffat abi | i sing
t he net al catr L7904 wQ) di scl osi ng catal yst conpositions of
substituted or un%ég‘stént% 2’% bi's % o-' pent adienyl) Goup 4 netal
hydrocarbi de with &rllmtmtm exampdies: oifi Patent] pyddHpatd onsdizediatisbund
a metal or et gl ené e WIS Yi¥yler-Matts dathil @c&r@mmcerdymg

stabilising the_ netal cat,on; and EP-A 426637 of_FI di scl osi n rocess
for maki ng their use in the polymerisation of olefins, in paéklcdi
the production of solid, high-molecular polymers and
copolymers of ethene, are:

EP-B 69951 to HOECHST, disclosing catalyst '
compositions of bis(cyclopentadienyl) zirconium- di-
chloride or -methylchloride with methyl aluminoxane;

EP-B 129368 to EXXON, disclosing catalyst
compositions of substituted mono-, bis- and tri(cyclo-
pentadienyl)~-Group 4 metal halogenide or -hydrocarbide
and an aluminoxane;

EP-A 277003 of EXXON, disclosing catalyst
compositions of substituted or unsubstituted
bis (cyclopentadienyl) Group 4 metal hydrocarbide with an
anion containing a plurality of boron atoms which is
bulky, labile and capable of stabilising the metal
‘cation; '

EP-A 277004 of EXXON, disclosing catalyst
compositions of substituted or unsubstituted bis(cyclo-
pentadienyl) Group 4 metal hydrocarbide with an anion
having a plurality of lipophylic radicals around a metal
or metalloid ion, which anion is bulky, labile and
capable of stabilising the metal cation; and

EP-A 426637 of FINA, disclosing a process for making



-3- catal yst conpositions of substituted or unsubstituted L

bi s(cycl opent adi enyl) Goup 3-6 netal hal ogeni de, hydrocarbi de, am de or
hydri de with an ani on which is non-coordinated or only | oosely coordi nated
%o the metal | ocene cation - by reacting the metal |l ocene with a compound of
said anion and carboni um oxoniumor sulforjumcation. Illustrative
exanpl es of recent _patent applications which are directed to simlar

catal yst conpo§@atiadys tasemaesdit ignse iofs subs tiduted of unfihstidaited the
preparati on -of pigwesydlpRiitadienylquighdugr)3e atRils hefl Ridigk ,and

Caralyst compoBrahatoldabaRtdn aF MEEA AR A0 ARAR TR A Soral

hal ogeni de or myetr-aoairdisda twid o dnllklodsaiiy ecord inatsidartta ditley

Cyel opent ad engie IR IRl e, TP Yt ool e Bh locdlfy With o

di scl osi ng a cscappand ohesid anion anss anhcad us,s @astispeadi enyl )
Goup 4 nmetal Ra1gYenhae cabigcar byl , hydrocarbam de or hydride with

al um noxane wherein _at | east one cyclopentadi enyl radical is substjtuted
with a single optidddusEraidiste @xeaplasy ofyragent Patenty apPlictaddanmt al |
of the above wWih{cksetd R rautiepat adintdr Rt 1y ongess L 1dung dndler
the. general na j&%*QFtallocenes. @§$Ie nost..of. the ahove .dentified

publ i cati ons, g’g‘ L3105 it RanhiciH amdiei MG 9, Wi r scope
substituents opreparatdlopet ddiveryimaliewyland Miguid t (exo lsidgomersitodns in
e ek e

EP-A 596553 of SHELL, disclosing catalyst
compositions of substituted bis(cyclopentadienyl) Group 4
metal halogenide or hydrocarbide with a bulky, labile and
substantially non-coordinating anion wherein the
substitution of each of the two cyclopentadienyl radicals
is different; and

EP-A 540108 of SHELL, disclosing a catalyst
composition of substituted bis{(cyclopentadienyl) Group 4
metal halogenide, hydrocarbyl, hydrocarbamide or hydride
with aluminoxane wherein at least one cyclopentadienyl
radical is substituted with a single optionally
substituted aryl group.

It is to be noted that all of the above work used the
cyclopentadienyl metal complexes, known under the general
name of metallocenes. While most of the above identified
publications, as well as further similar ones, contain in
their scope substituents on the cyclopentadienyl ring,
and while these substitutions in some cases may include
one or more hetero-atoms, the cyclopentadienyl ring
itself remained unmodified.

It has now been found that by replacing the
cyclopentadienyl ring of the known catalyst compositions
as broadly described above with a substituted or



I4 has now been found that by replacing the cycl opentadi enyl ring of the

k%own catal yst conpositions as broadly described above with a substituted
or -4- unsubstituted heterocycl opentadi enyl ring wherein the hetero-atom
i’s a Goup 15 elenent, especially with such heterocycl opentadi enyl rings

whi ch are substituted by a bul ky substituery at one or both of the 2 and 5
positions, a new and exceedingly versatile group of Ziegler-Natta type

catal ysts can BESRREL1fEehAHROCHHERMNAIEAY b e AdRess1h R
catal ysts wer e Hetd¥b-{ar K citd |la IGrUP dLE | élererytt deespatgita DE y pol theswch | ong,

short and branghed) from ethene.and .ol efins gther than ethene . and to_be
particul arly eﬁ?#%%&ﬂﬁyéi?q?éiﬁﬂ%ﬁﬂXii%ﬁPQﬁ éhﬁéhxﬁﬁﬁmﬁéésEiﬁﬁﬁ%ﬁckx ?he
het er ocycl opentadikyndulsdsidtherdt oty siree war eodtthuraf tthée2 pand i Tul arly usef ul
i n produci ng olj r n to ' 3

syndi otactic pa?%}ergﬁsa}s?’o?na ﬁ‘éﬁ e%@%%%@%a‘%%ﬁ%ﬁ%a@e%@ggf

het er ocycl opentZidigign-Natta GmiratalystHarnrbe eaded Eiapherngrenan
cycl opent adi enpdanah bt Mo entadd ey EXdded NVAFR] Pt d wéts PowRdess

definition therefore relates_to, a catalyst coq£05|t|on for the
(co) ol i goneri s@&XALlY I HTRAYGAERT htT e FHargeidhiRA YIeTMs bR ethort
hydrocarbons, caiPHrdnthed hef ko tianendrd slefins dthde generaéthéneul a
CAAR4, wherein A‘-‘]es‘-'dg G oup 15 el enent and eact_h R %i ch ig connect d.to a
carbon of the HABIERRE REEHEARAY (§HtCLHC bk (1S RFRIUTE10% 1@F eFP~ and
i s chosen fromgoldmeys. Beweral gahithe tiostetemytl et t ahibényl coased ni ng
one or nore het - ) . r The
%@Q&? werd f&in P:’l%t 2&%}’%&5 ';)t?ﬁrﬁ&%afh;? uge &l An

preferred G oup enents Al ]
- producing oligomers and short-chain polymers from

alkenes, and syndiotactic polymers from styrene.
Moreover, catalysts based on heterocyclopentadienyls as a
group have a better thermal stability than
cyclopentadienyl-based catalysts.

The present invention in its broadest definition
therefore relates to a catalyst composition for the
(co)oligomerisaton or (co)polymerisation of olefinically
unsaturated hydrocarbons, comprising a heterocyclopenta-
dienyl of the general formula

C4ARy,
wherein A is a Group 15 element and each R, which is
connected to a carbon of the heterocyclopentadienyl ring,
can be the same or different and is chosen from hydrogen
or an organic substituent (optionally containing one or
more hetero-atoms), in complex with a Group 4 or 5 metal.

The preferred Group 15 elements A in the present
invention are phosphorus and nitrogen. The preferred
heterocyclopentadienide rings therefore are the pyrrolyl
ring and the phospholyl ring, the phospholyl ring being
most preferred. However the arsolyl ring, the stibolyl
ring and the bismolyl ring also are within the scope of
the present invention.



invention are phosphorus and nitrogen. The preferred

het er ocycl opent adi eni de rings therefore are the pyrrolyl ring and the
phosphol yl ring, the phospholyl ring being nost preferred. However the

& solyl ring, the stibolyl ring and the bisnmolyl ring also are within the

scope of the present invention. - 5- Fmefgnably, one or both of the 2 and
5 positions on the heterocyclopentadienyl ring.is substltuted by a bul ky
substituent, i.e. FrafisraklinttihaeiPthehig & Rk 1y tP t he

ri tng is agr ogrthleB he’lt‘blﬁclﬂélbcﬁiéifﬁﬂﬁlérﬁfﬂ %m?rsmﬁmimtutsedn?@ra dsulky
ni rogen; carpoon,or I11.G0oNn el n rr.e o} €as

Ot her Cthan_ hy RBBEE St chnd y et et e AEM SPe AT
bul ky substi tuatttaca’red etrqltshsmﬁmgasiq)kaargatqum -X3) y14 qrussm;emmw :

m di - chloroph #@ﬂ r] ¢ al kyl's
such as i-propy q but% %fa $i4Ic o pent rH'ﬁ tertlary y?(s such as
t-butyl: al kenydisligiem nﬂmfﬂ{ kq ta mh IAt skaast tteptatBHt ai ni ng

hetero- atons. Yifer@chan Wld¥dden é‘:‘%‘[&ff&cth}'\"ﬂﬂﬁﬁdm -BPh[err] and
-B(OPh)[err]. More eferab none Q osi tions, on the

het er ocycl opent adi Fﬁf%iﬁtﬁﬁﬁﬂﬂﬁ?%tﬂ@nfuéh Rulky HRFHAISRIS (328 the

3 and 4 positi yls sﬂtﬂutﬁqdmm,o ol ¥l vt -ButglplienyDf mdb+it ut ed
by a bul ky subst.ituent

nt in this.specjfy ion is
as defined int %e?qlb%fiieﬂbé) r%%n{]g&eg(&%r nsge%é??é?lW%Q%
not ati on (| UPAGUGImeE= | atprap i, Ixrdmlganl cargherr B rycslcghm-p@h'ewk)v\el | Publ .,
London). Therei J I tively to
G oups | VB, VB%H‘%&?@%&% }%%%%[%&%P not at 1'on ?%%%%I Rubber
Conpany' s andbﬁbﬂMqﬁ—qggﬁnqnq)bqgky substltuents containing hetero-
atoms such as -SiMe3, -NPhjy, -NHPhy*, -BPhj; and -B(OPh)s.

More preferably, none of the 2 and 5 positions on the

~ heterocyclopentadienyl ring is unsubstituted. It is also
preferred that the 3 and 4 positions on the heterocyclo-

" pentadienyl ring are not substituted by a bulky
substituent.

| The Group element notation in this specification is
as defined in the Periodic Table of Elements according to
the IUPAC 1988 notation (IUPAC Nomenclature of Inorganic
Chemistry 1960, Blackwell Publ., London). Therein, Group
4, 5, 13, 14 and 15 correspond respectively to Groups
IVB, VB, IIIA, IVA and VA of the Deming notation
(Chemical Rubber Company's Handbook of Chemistry &
Physics, 48th edition) and to Groups IVA, VA, IIIB, IVB
and VB of the IUPAC 1970 notation (Kirk-Othmer
Encyclopaedia of Chemical Technology, 2nd edition,
Vol. 8,p. 94).

Illustrative examples of heterocyclopentadienyles

according to the present invention are:
(3,4-MepCy4HoP), (3,4-dimethylphospholyl)
(C4MegP), (2,3,4,5-tetramethylphospholyl)
(CgMeyN), (2,3,4,5-tetramethylpyrrolyl)



Rhysics, 48th edition) and to Goups |IVA VA 11I1B, 1VB and VB of the | UPAC
1970 notation (Kirk-Q hner Encycl opaedi a of Chen1ca| Technol ogy, 2nd
edition, Vol. 8,p. 94). Illustrative exanpl es of heterocycl opentadi enyl es
ébcording to the present invention are: (3,4-M2C4AH2P),

(3, 4-di net hyl phosphol yl') (CAMe4P), (2, 3,4,&-+etranet hyl phosphol yl)

(25 di et byl pyidary i ehaipl) o dinet St syl )
Lyg%g»geer(§£SMJ$WéiksyJF%Zﬁﬁ;qWiiﬂQEraﬂethytﬁm$aﬁmlxacarbon{Lzr]P)[err}]
[([err]-i rontrlc %ﬁ{iJ%?@é% ﬂg.?rtﬂ.\rH: eﬁéﬁ os%&fﬂ Il Iustrative,
‘exanpl es of pr &€ it kpheprhnd dﬁvfdlng to the invention

2, 5- Ph2CAtg, -
grg dl(cycl opent ?1 %’( fPWYﬂSP ngirﬁné[%ﬁ%ﬁsdgwﬁﬂ(z 134,85
2, 5- d||sopropyT%%ﬁ%ﬁﬂé% rlCerr]H err] P)
g, g g! t ter_t i ait ] ybut yﬂmh{]wﬁnﬁi We (é?xé_mF[)iM s ]:&éfﬁffédi[kgé)tfe}ﬂ@yﬂ@enta-
, 5-di-trine ospho err err
2- phenyl - 5- rret)l%ﬁﬁﬂ%]s%‘h ‘Spﬁ %uﬁf@hc 'fj[%‘{ %
g Ehgnylh 5- f:ycl dg}y?ﬂﬂﬁ@i?%ﬂﬁ%lﬂ?m@lﬂ Herr]P)
| pheny g?t Jﬁ%ﬁﬁ) ?3* spholyl
2, 4- di phenyl - 3, ho
2- pheksl 5yprop éLHZ xﬁnnﬁgpzﬂmhﬁﬁBhOEybropylphospholyl
(2-(3,5-t- Bu[er ﬂ SLé?ﬁﬁégé? N?Q4h@fﬁeﬁ%{éﬁﬁyﬁﬁtylphospholyl

e T el M ESEE Wy g hphospholyl

(di et hyl silyl - ¢2HRh{ﬂ4MéEﬁHQEUnZkﬁﬁﬁmyiﬁﬁﬁm@thylphospholyl
" {2-Ph-5-c-PeC4H2P) 2-phenyl-5-cyclopentylphospholyl
(2,5-Ph2~-3-MeC4H2P) 2,5-diphenyl-3-methylphospholyl
(2,4-Ph2-3,5-Me2C4P) 2,4-diphenyl-3, 5-dimethylphospholyl
(2-Ph-5-PrC4H2P) 2-phenyl-5-propylphospholyl
(2-Ph-5-PrC4H2P) 2-phenyl-5-propylphospholyl
(2- (3, 5-t-Bu2-4-0OMeCgH2) -5-MeC4H2P) 2-(3,5-di-
tertiairbutyl-4-methoxyphenyl)-5-methylphospholyl _
2-Ph-3, 4-Me2-5- (SiMeoN-t-Bu) C4P 2-phenyl-3, 4-dimethyl-5-
(dimethylsilyl-tertiairybutylamide)phospholyl
C17H12P which structure is provided in the experimental,
compound XIV, dibenzo-2-methyl-l-phosphindolyl
C20H16N [a,ildibenzo-3,4,5, 6-tetrahydrocarbazolyl,
structure provided in the experimental, compound XVII
C22H20N [a,i]di (methylbenzo)-3,4,5, 6-tetrahydrocarbazolyl
(2, 5-t-Bu2C4H2N) 2,5-ditertiairybutylpyrrolyl
(PhqC4P) 2,3,4,5-tetraphenylphospholyl
1,2-C2H4 (3-PCgH5)2 1,2-ethylene-bis(3-phosphindolyl)
Me2Si (3-PCgHs5) 2 dimethylsilylbis-(3-phosphindolyl)
1,2-C2H4 (3-PCgHg) 2 1,2-ethylene-bis(tetrahydro-3-
phosphindolyl) :
Me2Si (3-PCgH9) 2 dimethylsilylbis~(terahydro-3-



derr]Herr]P which structure is provided in the experinental, conpound
X'V, dibenzo-2-nethyl -1-phosphindolyl C(err]JHerr]N
[a,i]dibenzo-3, 4,5, 6-tetrahydrocarbazolyl, structure provided in the
experinmental, conpound XVII C22H20N

[al]dl(nethylbenzo) 3,4,5, 6- tetrahydrocarba;olyl (2, 5-t-Bu2C4H2N)

2, 5- dltertlalrybutylpyrrolyl (Ph4C4P) 2, 3,4,5-tetraphenyl phosphol yl

1,2-Clerr] H er rg{aspitindol¥ferr]) 2 1, 2- ethylene bIS(3 phosphi ndol yl )

plel e w*g DA B hognindois
phosphi ndol yl) 9]24[ e iy ] Hy;%rwlpemgl@rehgﬁphmdglyl)
- 7- phosphi ndol % Katlysrésderr]Herr])2

§éi nz] 3- E?h

e e S

i | silylbi
?é?gﬁrfkfer¥]g) 1lnhedhélé&mwyélébéﬁtﬁﬂiemwuéy|CJKRM accordlng to the
phosphor us. - cartbt iy PR 2767 haBREraE” K Ee | RPentnEdas' *as 10as
- 429-453 and wheindic¢ated seyi E. dMaﬁheynnMyChemy Rew. b&8 p1 888r 29+ 453anand
O adews T ndingh oSS lyEihate, S Ipbing BREVEEA L fedbetlactp on |
were prepared BRElegeuetmanner g Inparkhieulanc. CghsMesiwaaoprepasgd by
al ., Tetrahedr gsrd é197£-l552@r :h@@alfricgt%ﬁlwgélls%A%&nt PPR,. ?(23 ;?Sg
00 omen A | AR Mo AseBh s SRR TSI s, ot ool b brer
part A pages 32% 3b,, By seAmherCheth! . smwmmmzwou nBpayéi eul alL.,t he
present 'nvent'fgkféﬂéﬁfghtf73197l 5523 and Leavitt et al., J. Am. Chenmn.

Soc. 82 1960 5099.

When A is nitrogen, the heterocyclopentadienyls C4AR4
can be prepared as described in Rodd's Chemistry of
Carbon Compounds, 2nd Ed. Volume IV part A pages 329-345,
Elsevier Publ. Amsterdam 1973.

In particular, the present invention relates to a
catalyst composition for the (co)oligomerisation or
(co)polymerisation of olefinically unsaturated
hydrocarbons, comprising an organometal complex of the
general formula

(C4AR ') nR"p (C4AR ' 1) MOy
wherein A is a Group 15 element, each R', which can be
the same or different, is chosen from hydrogen or an
organic substituent (optionally containing one or more
hetero-atoms) having from 1 to 20 carbon atoms or two
substituents together forming a fused C4-Cg ring, R" is a
molecular fragment bridging two dienyl rings, M is a
Group 4 or 5 metal, each Q, which can be the same or
different and two of which can be interconnected to form
a ring, is chosen from the group of hydrogen, aryl,
alkyl, alkenyl, alkylaryl, arylalkyl, alkyloxyl,



catal yst conposition for the (co)oligonerisation or (co)polynerisation of
ol efinically unsaturated hydrocarbons, conprising an organonetal conplex of
the general formula (Cerr]AR [err]) [err]R'[err] (Clerr]AR [err])MJerr]
vherein Ais a Goup 15 elenent, each R, which can be the sane or
different, is chosen fron1hydrogen or an erganic substituent (optionally

contalnlng one Or het atons Vi arbon atons or
two substituent®d ¥jg(g’8f %%P% ¥ u%géf%%lw{n d%&ﬁz‘@? f is a

mol ecul ar fragnﬂmylthlmtylmyabkykpkmgphaly@s anylgh@sﬁhabylA or 5 netal,
each Q which cgn, nd,

I nterconnected to $fé%§§%$ %g |39%%%§%%@#¥%n1t%wyﬁg%u%9h§ﬂﬁgg?ogen aryl,
al kyl , al kenyl ,2E¥iBhesphanediyhi |9F  c¥cloibsnyl, anYSOfaY9¥6&y aving
awwﬁwwlﬁﬂﬁ?w@mm&mmgm@ﬁwwumﬁwmﬁwy#ﬁu

aryl phosphal y azanedi azanedi yl , anediy
arylphosphanedlﬁéb 9%$ d%%ﬁ?gi &R PEVPFRHCha ?ﬂgh? om 1l to 20 carbon
at ons and optiqmaiéyob@tng,further substituted, or hal ogen, oxygen or

sul phur, pis oy_1 4 when p_li n enpisl nis 0,
Do o o ol 16 LT 8 LD, Padd PiofnS il S HOER P LT he' O
groups +1 equalms ImeONaAen%yODf3ihe metal. The bridging nol ecul ar fragnent
R', when prese bF ppsytigned between two carbon atons of

heterocyclo- pe tadle rings, between a_carbon and a hetero-atom A, or
bet ween t wo het%RQ)Qut) punyef Fhe|vabiditiencef bEke@nIFaBPEatbon at ons

it can equals the valency of the metal.

The bridging molecular fragment R", when present, may
be positioned between two carbon atoms of heterocyclo-
pentadienyl rings, between a carbon and a hetero-atom A,
or between two hetero-atoms A. _

When R" is positiohed_between two carbon atoms it can
be chosen from the wide range known for bridging two
cyclopentadienyl, indenyl or fluorenyl rings, such as
those disclosed in EP-B 129368, EP-A 336127 and
EP-A 528287. Well-known examples thereof are the groups
of C1-C4 radicals chosen from alkylene, dialkyl germaniﬁm
or silicone, alkyl phosphine or amine and in particular
1,2-CoHyg, 1,3-[(CHp)3], (CH3)2Si, (CH3)2Si(0)p, 1,2-

[ (CH3)2S8il5, 1,2-(CHp)2CgHgq, (CH3)2C, 1,3-[{(CH3)2S5i}50],
1,2-{ (CH3)2Si0} and 1,3-[(CH3)2Si(CHp)2].

The use of the heterocyclopentadienyl rings according
to the invention offers the unique possibility of varying
the organometal complexes by involving the heterocatom in
the bridge. In such cases, wherein R" is positioned
between a carbon atom and a hetero-atom A or between two
hetero-atoms A, care has to be taken to choose a fragment
which is capable of'making'an electron donor-acceptor
bond with A. Therefore, such bridges have to retain a
Lewis acid site (to be coordinatively unsaturated). Metal



be chosen fromthe w de range known for bridging two cycl opentadi enyl,

I ndenyl or fluorenyl rings, such as those disclosed in EP-B 129368, EP-A
336127 and EP- A 528287. Wl |l -known exanpl es thereof are the groups of
Jerr]-Cerr] radicals chosen from al kyl ene, dial kyl germani um or silicone,
aIkyI phosphi ne or am ne and in particuIaL ,2-Clerr]lHerr],
1,3-[(CHerr])[err]], “HGHD[H% ,(04m%%€wunq2 1, 2-
rr])[err]SFagments guch &p[Rf¢9P)4cand def

[(CH e hrye besheshpypete] C,
}13 %Eéﬁ?[eri%%ﬁé”éﬁf%&ﬁfﬁrf&l tﬂlf ﬁﬁﬁ??@éf]ﬁffd?%héiaﬂnﬂhe hetero?tams I
: err r e o e he eroc c o ent adi en
ri ngs accordlndgﬂ%; é €5$%%%ﬂ£%f$£}%w§h %n?ﬁﬁ%rﬁﬁggiﬁ??P nGarylngy

t he organonetaJlrgamdeuesaby asval vebgrotpchepenbadbenyh ahbohrfdgethen
such cases, f%ngi 6P gmﬁ%ﬁéfned bet ween a carbon atom and a

het er o- aton1A or ween two ero-atons A, care has to be taken to choose

a fragment which i sPrefemiklni omkion botk| eft e 2loznd- Sceepibionsndnwi t h
A. Therefore, sugh t Qb
coordi natively. unsé?%?ggié Ef%geﬂﬁh&féﬁgf flﬁgﬁ%% gﬁ%ggﬁtﬁﬁe& %%)ﬁ buéky

Fe(CO) 3 have b e%l%b%%me% bEhe Fexm| kulky s%b%tbwe%elsamagnﬁgda@nt he

het er oat ons A byh BslCépéé BETEEE Sord! t@V\&eﬁdﬂ’@e hstgwéwt@@ﬁﬁtaﬂéee@nl tHand to
act as a heteroc cIo ent €i %%%agm or t he (rou

Preferably, oné® %ogk?.shggoﬂstﬂegroup ig 14 or
heterocyclopentbﬁletqmemtngexg Sh@smmzucaﬂb@g,asbhikqnsubsnitnegen,The term

bul ky substit uestphsn | O eQdPL LY B01 A SPECELLERR| L uflEngt g2 sOR! Lhyent

wherein the atom er|n
el ement (e.g. b%#Qmﬁ Q%h%%nth%mlhz@hoﬁﬁnnat¢ bﬁeCEhYb@htaﬁhdelcon bei ng

preferred), to Wh'Cilfﬁs&ﬁﬁ%&véVEkéﬁﬁm@sQ&FeéuéﬁaﬂufwﬁrQ@B@tﬁtﬁeﬂtéeﬁiéy
attached. 1 sy DGR Shetyr. s 5oty SUPSbLEVERhenls ne
14 4 14
dichlorophenyl and 3,5-t-Buz-4-MeOCgHy; secundary alkyls
such as i-propyl, i-butyl and c-Pe (cyclo-pentyl);
tertiary alkyls such as t-butyl; alkenyls such as
-C(Me)=CHz; and bulky substituents containing hetero-
atoms such as -SiMe3, -NPhy, -NHPhy*, -BPhy and -B(OPh)s,.

More preferably, none of the 2 and 5 positions on the
heterocyclopentadienyl ring is unsubstituted. It is also
preferred that the 3 and 4 positions on the heterocyclo-
pentadienyl ring are not substituted by a bulky
substituent.

The preferred metals M in the present invention are
titanium, zirconium and hafnium.

The preferred Q radicals are hydrogen, methyl, ethyl,
neopentyl, phenyl, benzyl and chloride.

The organometal complex according to the invention
may contain from 1 to 4 of the above heterocyclopenta-
dienyl rings, with from zero to three cyclopentadienyl
rings and from zero to three (when the metal M is a

' Group 5 metal: up to four) of the reactive groups Q which
may react with the cation of the second component to form



aryls such as phenyl, o-tolyl, p-t-Butylphenyl, m dichlorophenyl and
3,5-t-Buferr]-4-MeQCerr]H err]; secundary al kyls such as i-propyl, i-butyl
and c-Pe (cyclo-pentyl); tertiary alkyls such as t-butyl; al kenyls such as
-C(Me) =CH2; and bul ky substituents containing hetero- atons such as
-SiMe[err], -NPh[err], -NHPh[err]+, -BPhlenr -and -B(OPh)[err]. Mre
preferably, none of the 2 and 5 positions op the heterog%clopentadien

I
ring i s unsubsttReitePliete sCarabyh FAMPRILEHAR -  HreBetorey %BQ?P?Bﬁgaﬁn
thg het er ocycl Eboﬁil@lléf:eéié e:l‘,k)’ﬂld taimm@rcmnpthomlblsétémeﬁcbgpmbuakenyl ring
substituent. The preferred, netals,. Mi.n the presgnt. nveptiph are.,titanium
zi rconi um and r%ﬁ%i%mﬁr%%%l%r¥£t9+%déﬁfr%ﬁﬁ@%]éga#%§h§§Y%%gh?gheﬁéV%,er’
et hyl , neopent ywrgamemgtal beomylexes cdmhbaining Thwo dngbevoeyalopenpaex
according to thesd ' i : 4 h
heterocyclopen?%fé%¥£2£*£§%ag%n&aﬁ%ﬁéQréﬁggi%%iﬁ% ?ﬁée%uggc g%gn?% igﬁ§l
rings and fromc¥elopentadienyhneingnearetprefersed. Goup 5 metal : up to

four) of the reactimge GBrIPSsQANG 6h FRY Keestodtlopbstsatiényploftbhe
second conponent to form -1

0" - the conplete catalyst c psit]on.

Ther ef or e, orgdﬁﬁﬁ%ﬁ%meE%ka%RE%e%%ﬁt%?%iﬂg %ﬂ?? %L%n%eFE?gggéPﬁﬁ nt adi enyl
ring are expressynthésis nrélites coper oéxampelé NvEné | hetetbupYopenbagbenyet al
conpl exes containiﬂg t wo qﬁteroc clo entﬁ- dieﬂ L, ri sz.and t hose
cont ai ni ng one e ?i%ﬁna Yo %ﬁ%¥%§% opdnt 5ofe %? ¥+ha, éf%oﬁ}%?erred. The
processi ng of ttethacklocidé obentffivedytketbisrgabenecutlepeptadienydn be
done al ong trad%#fg uﬁyﬁigﬁf$fi%8§§es- For exanple, the

I en ep

het er ocyl opent a g ani ons_ can repared and reacted with zirconi um
tetrachl oride to af¥blestrrtive.-examples ¢bpergarrrelal complexes

according to the invention are
(CqMeyP) 2ZrCly, bis(2,3,4,5-tetramethylphospholyl)
zirconium dichloride, |
(C4MeyP) 2Z2r (OCH3) 2, bis(2,3,4,5-tetramethylphospholyl)
zirconium bismethoxide,
(CgMeyP) 2Z2r (N(CH3) 2) 2, bis(2,3,4,5-tetramethylphospholyl)
zirconium bis-dimethylamide,
(3,4-MepCyqHoP) 22rCly, bis(3,4-dimethylphospholyl)
zirconium dichloride,
(CqMeyqP) (CsHg) 2rCly, (2,3,4,5-tetramethylphospholyl)
(cyclopentadienyl) zirconium dichloride,
(CqMeyP) (CgHg) 2r (OCH3) 5, (2,3,4,5-tetramethylphospholyl)
(cyclopentadienyl) zirconium bis-methoxide,
(CqMe4qP) (CsHg) Zx (N(CH3) 2) 2,
(2,3,4,5-tetramethylphospholyl) - (cyclopentadienyl)
zirconium bis-dimethylamide,
(3,4-MesCyHoP) (CgHg) Z2xClsy,
(3,4-dimethylphospholyl) (cyclopentadienyl) zifconium

~ dichloride
(C4MeyP) 2ZrMey, bis(2,3,4,5-tetramethylphospholyl)
zirconium dimethyl,
(CgMeyP) 2Zr{C(Ph)=C(Ph)-C(Ph)=C(Ph)}, bis(2,3,4,5-tetra~



zirconiumdichlorides. Illustrative exanples of organonetal conplexes
according to the invention are (Cferr]Me[err]P)[err]Zrd[err],

bi s(2, 3, 4, 5-tetranet hyl phosphol yl ) zirconi um di chl ori de,
(Clerr]Me[err]P)[err]Zr(CCH err])[err], bis(2,3,4,5-tetranethyl phosphol yl)
zi rconi um bi snmet hoxi de, (C4Me4P) 2Zr (N( CH3) 3h2 -

L R G LS DL AR e
fl rconi um di chlpmsntjdléﬁﬁré] I\/;[Ierr] P)(C[er(rj] H eg;])ZrO [err]gfl TI |
2,3,4,5-tetra f @ff ﬂ:y 4zé_rEg,E|irgnrpe | chl ori de,
(g[gra] g/b% :”Lgﬁge‘f&];ﬁhdiﬁ ré%m&piﬁti@} ) zirconium bi s- net hoxi de,
P
A LA e SR st
- di net hy| ani%feE CQrEL U0 \Neg Q?(Ierr]H[err]P)(C[err]H[err])ZrG [err],

4- di et hyl php@,pmlxe/ a4 H%Pi 2011y (3, 2 ATRSE I ShESHRG 1 ¢
4P) 2Zr Me2, _Dbi s 4 ne?hylpLospholyl) 2|€%oﬁ¢un1g|%ethyl
<oy B

(

(g

(2,

bi s

(3,

(04 4
(Clerr] Me[err] BYES T}%P?cfﬁ’é}‘ﬁ‘ )-C(Ph)=C(Ph)}, bis(2,3,4, 5 tetra-
Qe

b

(

Zir

bi s

(

tﬁyl pr'\l/gsphol >F/)(c) gMe gP )ZZfMeﬂz,S tz,t:{s,aoh&-nt/étyah@thpmh@slpl@meyl)
erMer éaﬁe%ri% Fil A Eestan o)
C err] Mel ter Ir] PY3 4 N2 G £HgROPHY s HE) SxMe 3, 4(%4&11&&&@1@@%@01:?&) )
oniumto an

<(> %%l;b%élrréﬁféﬁs}ﬁ eiﬂ&&dﬁm a#ﬁééﬂﬁ

e

3, 4-di net hy
rr]Me[err] P 4%%4?%

trichloride,

(3,4-MesCyHoP) ZrCl3, (3,4-dimethylphospholyl) zirconium
trichloride, .

(CqMeyqP) ZrMe3, (2,3,4,5-tetramethylphospholyl) zirconium
trimethyl,

(3,4-MepCy4HoP) ZrMe3, (3,4-dimethylphospholyl) zirconium
trimethyl,

(C4MeyqP) 2TiCly, bis(2,3,4,5- tetramethylphospholyl)
titanium dichloride, -
(CqMeyP) 2Ti{CHoC(Ph)HCH2}, bis(2,3,4,5-tetramethyl-
phospholyl) 1-titana-3-phenyl-cyclobutane,

(C4MeyqP) 2Ti{C(Ph)=C(Ph)HCH2}, bis(2,3,4,5-tetramethyl-
phospholyl) 1-titana-2,3-diphenyl-cyclobutene,

(C4MeyqP) 2Ti{CHoSi (Me) oCHy}, bis(2,3,4,5-tetramethyl~
phospholyl) 1-titana-3-(dimethylsila)-cyclobutane,
(C4MeyqP) 2TiCl, bis(2,3,4,5-tetramethylphospholyl)
titanium chloride

(C4Mey4P) (CsHs) Ti (OCH3) 2,

(2,3,4,5-tetramethylphospholyl) (cyclopentadienyl)
titanium bis-methoxide,

(C4Me4P) (CsHs) TAiOCH3, (2,3, 4, 5-tetramethylphospholyl)
(cyclopentadienyl) titanium methoxide,

Zlrcon um

d 31) Bakets %'zt%tlaam%tm&mmmlthbsahéq:gn}um



(«cycl opent adi enyl) zirconium di net hyl ,
(3,4-Me[err]Cferr]Herr]P)(Cerr]Herr])ZrMe[err], (3,

4- di net hyl phosphol yl') (cycl opent adi enyl ) zirconi um di et hyl,

G err]Me[err]P)zrc[err], (2,3,4, 5-tetranethyl phospholyl) zirconium
trichloride, (3,.4- Nb[err]C[err]H[err]P)ZrGQ[err] (3,

4- di net hyl ph d C4IVE4PZI\/E3

(2,|3,mzet, 5¥t gt ?Zﬁ&%’%‘%‘iﬁ%@%ﬁ%ﬁmﬁz ¢}%rﬂ'ﬁl’ﬁ ?rlgret hyl , )(g 4- Me2CAH2P) Zr Me3,
(3, 4-dinethyl pdﬂ)s"pm)lfyﬂ;etzﬁamethxﬂmhosmml) (cyclopentadienyl)
C[err]Nb[enﬂI@ié?ﬁﬂﬁg(gi§udjtﬁjﬂ fﬁéﬁ tetranethylphospholyl)

gltanlunldlchlorl err] err] Ti{CH err] C(Ph) HCH err
bis(2,3,4,5 tet@%@ﬁ§4ﬁﬂ iGkgysp ¢Exane th pirhgsrhetyh utb

(CAMeAP) 2Ti { C( RipieH 1Ry i¥dj2} . bis(2, 3 4, 5-tetramnet hyl - phospholyl)
1-titana- 2, 3-di

(Cferr] Me[ ér r] %‘ﬁ?‘ﬁ}'/qlpﬁﬁ% oot f%i %q\ﬂgﬁ e‘;?‘im%pl}%phospholyl) titanium

bis(2,3,4,5-tekh&mﬂdnddephospholyI) 1-titana-3-(di nethylsila)-cycl obut ane

e

5-t et ramet hyl pHosigioloa i chlopentadlenyl) titani um bi s- net hoxi de,
Me B QCH8 |
(cyel opent Séf]en@y%‘*‘ee‘{ff%ﬁhﬁéé” B Heo- S sl AGmIQYy B O pyan ol

(C[err]H[err]) ﬁ])[err])[err]
2,3,4,5- tetrammd )yh)ﬁ cl Pt @ThEyY lphd b INl) titanium
[

g's-dlnethyla %ﬂé [err] )Tld [err],

(2,3, 4,5- tetrarltk %h@gbholyl) tltanlun1tr|chlor|de

(Clerr] Ve[ err] FWIQDY £tC{Me D), 21 2L 3 £t | Guretiny phersipdic y¢3 rbongh) um
bis(2,3,4,5-tetramethylphospholyl)] zirconium dichloride,
[Fe (CO) 3 (CqMeqP) 212rCly, [(p-irontricarbonyl)
bis(2,3,4,5-tetramethylphospholyl)] zirconium dichloride,
(CqMeyN) 2Z2rCly, bis(2,3,4,5-tetramethylpyrrolyl)
zirconium dichloride,

(Cs(CH3) 5) (2,5~ (CH3) 2C4HoN) ZrCly, (pentamethylcyclo-
pentadienyl) (2,5-dimethylpyrrolyl) zirconium dichloride,
(C5(CH3) 5) (2,5~ (CH3) 2C4HoN) ZrMep, (pentamethylcyclo-
pentadienyl) (2,5-dimethylpyrrolyl) zirconium dimethyl,
(CqMeyAs) (CgHg) ZrCly, (2,3,4,5-tetramethylarsolyl)
(cyclopentadienyl) zirconium dichloride,
[1,2-CoHy4-(3,3'-(2,4,5-Me3Cy4P)22xrCly, 1,2-ethane-[3,3'-
bis(2,4,5-trimethylphospholyl)] zirconium dichloride,
(CH3)2Si(3,3'-(2,4,5-Me3CyP)22rCly, Dimethylsilane-[3,3'-
bis(2,4,5-trimethylphospholyl)] zirconium dichloride
(CgHs) 281 (3,3'-(2,4,5-Me3Cy4P) 2Z2rCly, Diphenylsilane-
[3,3'-bis (2,4, 5-trimethylphospholyl)] zirconium
dichloride,

i1, 3.-{ (CH3)28110] (3,3'-(2,4,5-Me3CyP)22rCly; 1,3-{bis-
dimethylsilaneether}[3,3'-bis (2,4, 5~-trimethylphospholyl)]
zirconium dichloride,



di chloride, (3,4-Me[err]Clerr]Herr]P)TiC[err], (3,4-dinethylphospholyl)
titaniumtrichloride, (Cerr]Mf[err]P)Ti Me[err], (2,3,4,

5-tetranet hyl phosphol yl) titaniumtrinmethyl,

G3,4-Me[err]CJerr]Herr]P)Ti Me[err], (3, 4-dinethyl phospholyl) titanium
trinmethyl, [V\(CO)[err](C[err]NE[err]P)[er.rl]gZLCI[err]
([err]-tungstentetracarbonyl) -t et ranet hyl phosphol yI )]

i rconi um di chiladdd. H[fiﬂé(SC’BC}))Z[@r'ﬂ (d[?er@r]ﬁv@{eeaqqﬁﬂ)q 12.zrla 4k
err]-ir Ont r ldi&fétMMMS)llbln‘e(}Zﬁ A i, mwmwl@ndédhdlynoﬁ' um

r
(1

hl d d ,
g(zogl 465 te ﬁ%ﬁﬁ@r‘r’%{ err] rrcg)ﬁirlrj]m di chl ori de,

err](CH err ][)(535(1%)@S(lﬂi]e@,]@'[-e(r?rl]'l;[mq:jﬂ[@)rjmﬂ [{@ighenylsilane-

d
Pen amet vl oY iR A TS b (2%, 5L THdBH B pHd1 1YY 2B ium

qerr](m[err]d)lFé\'LqI)l@S (CH[err])[err]C[err]H[err]l\l)ZrI\/b[err]
pent anet hyl cy I(,qu &) vegiee) 1) éﬁgﬂllm éﬂ n§1d| nmet hyl ,
: e

elrr]NEEe(rjr] r.r].H rr(ﬂ) Jﬁ{h}e”]chlorlddf 5- tetrarrethy arsol yl)
cycl opent a |e
1,2-Cerr]H eroc]4ﬁeim 3—1(amzb,5 M{se(rz,lsc[@rs-]daﬂﬁmdtzrﬂﬂws"ﬂho1y1)
, 2- et hane-[ 3, % %&%'tz b !i_g_trl t hyl phosphol yl )] zirconium di chl ori de,
CH err])[err] a(% r]C[err]P)[err]ZrG[err]
met hyl si | ane-(CAMe4P) R, 4 k6o (2, 1854y A-edssime tHyJphci sy di chi or i de
err] H[e”])%g'n(a%h,%m ﬁ 1%:'\{%%9 %ﬁerr] P)2Zrd [err], Diphenylsilane-
3 y osphdl y

-bis(2,4, 5-trimet 2|rcon|umd|chlor|de

3
1,3-{(CHerr]) fQM}eqP()éfC:h:( A2 35 %‘{-éierqrtqn@trqyﬁ)r{mﬁqmldl[)er\fqnaqugn{ bi s-
i me
i

hyl si | aneegtrh_ejh}l[o’}l%ie-.bl s(2,4,5-trinmethyl phosphol yl)] zirconium
ori de,

met

|

-[(CH err])[err ﬁélllu[sé;,ria]t(afyes exapples Qf arefersed I%r[‘-’énr‘infrtél[ err],
~|{b| s- di neidopipdidxaze jdctordimes (t2 4£He timvaitidmplasgzhol yl )] zirconi um

(2,5~ Ph2C4H2P)ZZrC12, bis(2,5- dlphenylphospholyl)
zirconium dichloride,

(2, 5-PhpyCy4HoP) (CsHg) ZrCly,

(2, 5-diphenylphospholyl) (cyclopentadienyl) zirconium
dichloride,

(C4PhygP) 22xCly, bis(2,3,4,5-tetraphenylphospholyl)
zirconium dichloride,

(C4PhyP) 2Zr (OCH3) 2, bis(2,3,4,5-tetraphenylphospholyl)
zirconium bis-methoxide, _
(C4PhyP) 2Z2r (N(CH3) 2) 2, bis(2,3,4,5-tetraphenylphospholyl)
zirconium bis-dimethylamide,

(C4PhyP) (CsHg) ZxrCly, (2,3,4,5-tetraphenylphospholyl)
(cyclopentadienyl) zirconium dichloride,

(2,5-PhaC4HoP) 9ZrMey, bis (2, 5-diphenylphospholyl)
zirconium dimethyl, '

(2, 5-PhpCy4HoP) ZrMe3, (2, 5-diphenylphospholyl) zirconium
trimethyl,

(2, 5-PhyCy4HoP) (CsHs) ZrMes, (2, 5-diphenylphospholyl)
(cyclopentadienyl) zirconium dimethyl,



[{Cerr]Herr])2S 2] (3,3 -(2,4,5-Me[err](err]P)[err]zZrd[err],

{ D phenyl si |l ane- dioxyl}[3,3"-bis(2,4,5-trinmethyl phospholyl)] zirconium

di chl oride (C4Me4P)V(NPh)d 2, (2,3, 4,5-tetranet hyl phosphol yl) (phenylini do)
vanadi um di chl ori de, (C4Nb4N)3TaO 2, tris(2,3,4,5-tetranet hyl phosphol yl)
tantal umdichloride, ((err]M[err]P)2VC[eyrl,

bis(2, 3, 4,5-tetranet hyl phosphol yl') vanadi umdi chl ori de, and

(Clerr] Me[ er r] AC4BH4d)AZrMeR 3 m%@r&:rb@mmﬂﬁhqsmﬂeﬂhm _
trichloride. |lJiysdgmtuny i9exmles of preferred organonetal conplexes

SR ST e SRR SO b pFRJ ondfyi} [ ° 11
5-Phlerr]  err ] (dyslidgentdd issmy 1 efirdonds [carmdthyl,

(Capnap) 221 4 b, s 2 a2 AR A S B OBy ), & sontme,
(C4Ph4P)ZZr(CIjﬁﬁﬂchHﬁnidég3 4,5- tetraphenylphospholyl) zi rconi um

bi s- net hoxi de, 2 I
21 7 coni um bi ¢ di Aot EATRE NI b T e Tt R e paelien )

(2,3,4,5-tetraﬁﬁ§ﬂ¥ﬂ§ﬁ@$bholyl) (cyclopentadlenyl) Z|rcon|un1d|chlor|de

2,5-Phl[err r rd., ﬁg%? PhosPhh i
glrcon|Bn1d?§£tzqﬂﬂﬁ%ﬁ%ﬁ%%?gﬂgg ﬂ d%? |phenylphospholyl) 2%%con|um

trimethyl, ﬁ%ﬁ err]H[err]P)(C[err]H[err])ZrNb[err]
(2, 5-di phenyl pwmmml 02 (SARHAMEERIG TN ) @ /3,00 SHeetrmidityl- - 14 -

phospholyl) (2, 5-diphenylphospholyl) zirconium dichloride,
(2-Me~-5-PhC4H2P) 2Z2rCly, bis(2-methyl-5-phenylphospholyl)
zirconium dichloride,

(2, 5-t-BupC4HoN) 22rCly, bis(2,5-di-t-butylpyrrolyl)
zirconium dichloride,

(Cg5(CH3) 5) (2,5~ (t-C4Hg) 2C4HoN) ZrCly, (pentamethylcyclo-:
pentadienyl) (2,5-di-t-butylpyrrolyl) zirconium
dichloride, |

(Cs (CH3) 5) (2,5~ (£t-C4Hg) 2C4HoN) ZxrMey, (pentamethylcyclo-
pentadienyl) (2,5-di-t-butylpyrrolyl) zirconium dimethyl,
(2-Ph-5-(2-C1CgHy4) C4H2P) 2Z2rCly, bis(2-phenyl-5-o-chloro-
phenylphospholyl) zirconium dichloride,
(2-(2-MeOCgHyg)Me3CyqP) ZxrCl3, Z2-orthomethoxyphenyl-3,4,5-
trimethylphospholyl zirconium trichloride,

[1,2-CgHyg- (2,2"-(5-PhC4qHoP) 212rCly, 1,2-phenyl-[2,2'-
bis (5-phenylphospholyl)] zirconium dichloride,
(C17H12P) 2Z2rCl2 bis(dibenzo-2-methyl-l1-phosphindolyl)
zirconium dichloride, |

(2-Ph-5-PrC4qH2P) 22rCl2 bis (2-phenyl-3-propylphospholyl)
zirconium dichloride,

1,2-C2H4-(5,5"-(2- PhC4H2P)2ZrC12 1l,2-ethane-(5,5-bis (2-
phenylphospholyl) zirconium dichloride,
1,2-C2H4-(1,1'-(3-PCgHs5) 2ZrCl2 1,2-ethane-(1,1-bis(3-
phosphindolyl) zirconium dichloride,



(LAPh4P) 2Zr Me2, bis(2, 3, 4,5-tetraphenyl phosphol yl) zirconi um di net hyl,
(derr]Phlerr]P)((err]Herr])ZrMe2, (2, 3,4, 5-tetraphenylphospholyl)
(cycl opent adi enyl) zirconiumdinethyl, (2,5-Ph[err]Clerr]Herr]P)Zrd[err],
(*2, 5-di phenyl phospholyl) zirconiumtrichloride,
(2,5-Phlerr]Cferr]Herr]P)Tid [err], (2,5 disphenyl phospholyl) titani um
trichloride, (2 Ph2CAH2P) Ti Me3, (2, 5-di pheny] ph hol yl ). titani um
e et byl (Gl ol TARESN T3 5Me2 oo bh( Sl sarer s T ehY ) o) e pepinao Ty ]
(2,3,4,5- tetranﬁfuénlmh@gﬁ@ty 12, 5-di phenyl phosphol yl') zirconium

dl chiorl de, (2 Q%P%%E‘Bﬂﬁf#%‘#%ﬁa+%ﬁd%ﬁ%1 Sepropylphospholyl)

(2,5-t-Byl S_rr]hlc.ﬁchc}rh{mnrc]i\i)m%{ err], bis(2,5-di-t-butylpyrrolyl)
zirconiumdic r '
(t-err]Herr])" %:[Sj@% ﬁ-:l[%rsr %Eféﬁ#fu%%%% né% he han (sbgnt ast fyl)

(2, 5-di -t - but yIpheryplphgosphe ]umm@milml@mﬂ@brr](CH[err])[err])(2 5-
(t- C[err]H[err]M@Icﬁiﬁeu]ﬂemﬁ&@%ﬁmé ip@%@ﬂ@ﬁ@ykfyfl'%ls(s-

d I b di ,
(2 Phe 5. (3 0 cho 3R Lo} e BV e Fedhiym gERePY b [or 1]

bi s(2- phenyl - 5- mpﬁﬂ@szszﬁYBI)@O$mdéfbhaflﬁ@ﬁeumﬂlEtli:@dshﬂﬂm (2-
(2-MeOC[ err] H[e %f/b{err] Clerr]P)Zrd [err], 2-orthonethoxyphenyl-3,4,5--
trimet hyl phosph 1) +%%h| umtrichloride,

[ 1, 2- C6H4- ( 2, 2' (G D2IPpF] 2ErNed eBxs]sPI?eph¢$ﬁ’lrlﬁ1uor¢ny1) 2z pheogiup2dmethyl,

Gerriigorr P er%%%%fééﬁﬁﬂ# Fp L8t o et ryqiopentylohosphelyl)
i r coni um di chl &kFeRniwp._gic %trr] H err] P)[err] ZrCJerr]

i s(2-phenyl - 3-pz o 5‘¥i E’iézﬁ@lf%‘ismﬂ} ShJiPiséiﬁroTylphospholyl)

:
quH]WeH errlHerr]P)[err]Zrd [err
, 2-ethane- (5, 5 %R%Pu%H% Po5PRol y1) zirconi umdichlori de,
2- C[err]H[errlz(arﬂrBﬁﬁbfﬁéBrQZttbgrbi@e(Z]5%&1tertialrybutylphospholyl)
Z'Gtha“e'(l,12545%&&u£h8fgﬁiagféxl) zi rconi um di chl ori de,
(2, 5-(Me3Si) 2C4H2P) 2Z2rCl2 bis~-(2,5-di-trimethylsilyl-
phospholyl) zirconium dichloride,
(2-Ph-5-c-PeC4H2P) 2ZrCl2 bis- (2-phenyl-5-cyclopentyl-
phospholyl) zirconium dichloride,
(2, 5-Ph2-3-MeC4H2P) 2ZrCl2 bis-(2,5-diphenyl-3-methyl-
phospholyl) zirconium dlchlorlde,
(2,4-Ph2-3, 5—Me2C4P)zerlz bis-(2,4-diphenyl-3, 5 -dimethyl-
phospholyl) zirconium dlchlorlde,
(2-Ph-5-PrC4H2P) 2ZrCl2 bis-(2-phenyl-5-propylphospholyl)
zirconium dichloride, _
(2- (3, 5-t-Bu2-4-OMeCgH2) -5-MeC4H2P) 2Z2rCl2 bis-(2-(3,5-di-
tertiairbutyl-4-methoxyphenyl)-5-methylphospholyl)
zirconium dichloride,
(2- (3, 5-t-Bu2-4-OMeCgH2) -5-MeC4H2P) (C5H5) 2rClo (2-(3,5-di-
tertiairbutyl-4-methoxyphenyl)-5-methylphospholyl)

b
(
z
bi
1,
1
1
1

cyclopentadienyl zirconium dichloride,
(C17H12P) 2ZrCl2 structure pyrrolyl is provided in the
experimental, compound XIV,



.15 - (derr]Herr]P)[err]ZrMe[err] bis(dibenzo-2-nethyl-1-phosphindolyl)
zi rconi um di net hyl, (2-Ph-5-PrC4H2P) 2Zr Me2 bi s(2- phenyl - 5- propyl phosphol yl )
zirconiumdinet hyl, 1,2-C2H4-(5,5" - (2- PhCAH2P) 2Zr Me2

¥, 2- et hane- (5, 5' - bi s(2- phenyl phosphol yl ) zirconi um di net hyl ,
1,2-C2HA- (1,1 -(3-P(err]Herr])[err] ZrM| ag }- 1, 2-et hane- (1, 1' - bi s(3-

posph ndol Y1) ReaREieIT AHES Wl (e MG B i) E Gl et laco
Bi3-59:phosphafdamb&zgdylzlzrxmmmﬁmmhdﬁth@@rlde, structure p?oigzohg% ¥
S toon E%[SILL%%W%Z%F’%@%%é%%l?ﬁ% ol L8 SR PP
bi s- (2, 5-di i soptCaaH oM 12 )bisT Cbmi Lt (methyllbenzo)-3,4,5, 6-tetra-
(2,5-t- Bu[err](ﬂﬁﬁf&éifﬁéiéﬁiﬁ rif¥é$ﬁfﬁﬁ]d1chlor1de,

b 2,5-ditert di chl oride
(205 (Meferr] S {GeoH ey éptf@mﬁzwé@[gf#{éf%#&m- 34,5, 6 tetranydro-
?|2 spg 255 dup -aldﬁﬂsa/iél YY) -cpdl [a/diieﬁ Iczmrwmﬂmrdigchu@nde,t |

c- PeC er err err enyl -5-¢ n -
phosphol yI) ZIF%E#H%I ?ﬁ?%éi§1 {*ééﬁ * SER%C% %% % 2§rCI[err]
bi s- (2, 5- di phenydm3eumed II hospholyl) Z|rcon|un1d|chlor|de
2, 4-Ph 3, . .
b 5o (2 acd bhert] 2 B SLECORS S EECL LR { £ et hylencobis (3rphogphindolyl)
(2- Ph- 5- PrCAFQF#EQEQ¢{%WrqlethIQd@henyl 5 pr opyl phosphol yl) zirconi um

di chloride, (2-Me, §I¥3BP@3145 t@@nﬁ@%@é’iiﬂ Iﬂé-eﬁ-]-pﬁb§pﬁgn&§l§l¢'
tertiairbutyl -4- et oxégq§£¥ - 5- nethylphosp olyl) zirconiumdichloride,

(2-(3,5-t-Bu[ er?}=ee E19¢)-5-MeCerr]Herr]P)(Cerr]Herr])zrd [e
rr] (2-(3,5-di 1,tze+=¢2w4(Mgéngyzmtdnbz(yph;emféthﬁleﬁéhuisl(lﬁé'ph@hyairo -3~
cycl opentadi enyly £l LeOESYHY CP1 2E48Pum dichloride,
Me2Si (3-PCgH9) 2Z2rCl2 (dimethylsilylbis- (tetrahydro-3-.
phosphindolyl) zirconium dichloride,
1,2-C2H4 ([benz]3-PCgH5)2ZxCl2 (1,2~ ethylene-bls([benz]3-
phosphlndolyl) zirconium dichloride,
Me2Si([benz]3-PCgH5) 2ZrCl2 dlmethy151lylbls—([benz]3-
phosphindolyl) zirconium dichloride,
(2-Ph-3, 4-Me2-5- (SiMe2N-t-Bu)C4P) ZrCl2 2-phenyl-3, 4-
dimethyl-5- (dimethylsilyl-tertiairybutylamide)phospholyl
zirconium dichloride,
(2-Ph-3, 4-Me2-5- (SiMe2N-t-Bu) C4P) ZrMe2 2-phenyl-3, 4-
dimethyl-5- (dimethylsilyl- tertlalrybutylamlde)phospholyl
zirconium dimethyl
(C18H19P) 2Z2rCl2 bis-(l-butyl-2-phenyl-3-phosphindolyl)
zirconium dichloride.

The present invention further concerns a catalyst
composition for the (co)oligomerisation or
(co)polymerisation of olefinically unsaturated
hydrocarbons, comprising a first component which is an
organometal complex as defined above and a second -
component which acts as a co-catalyst.



((Jerr]Herr]P)[err]ZrC[err] structure pyrrolyl is provided in the
experi nental , . conpound XV, - 16 - (C[err]H[err]l\l)[err]ZrCl[err]
bis-([a, |]d| benzo 3,4,5, 6-tetrahydro- carbazolyl) zirconiumdichloride,
Structure phospholyl provided in the experinental, compound XVIII,
(CerrJHerr]N)[err]Zrc [err] bis-([a,i]diggethyl benzo)-3,4,5, 6-tet'ra-
hydr ocar bazol yl' ) zirconi um dj chl ori de,

(Clerr]H err] N) ( C &he HesSond) ZoERRsent Gar Hediafe RISmEneRanR &k ahydr o-
carbazol yl) cygaanaradirendtal Ganinifckaiy oA dani ridHditddirerehasphol vl

| ded th t al d._XV1 |
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zi rconi um di ¢ hlxepimes erNeRSi(8-12E eyarjdifadr rioimualde/r (R{Ak+Q) which
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phosphi ndol yl') _zirconi um lorid

1,2-Cerr] H[errﬁo(q'béﬁﬂeéuﬂi[]éf rf]ﬁ%-r rhe H99%kmqvar [gluminoxane is
(1, 2- et hyl ene- e e rudni et i 00W)y) )AVdd et i lHrd deixture of

phosphi EAEFSF?%%%%@F%; e g (eantyy, ShSRatagng WA ) 5 27 o 2
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bi s-(1-butyl -2- phe@ﬂeﬁ%ﬂ%@fl&‘dﬂﬁiﬁéﬁalﬂd&@léﬁaéﬁé‘é&ﬁdﬂﬁ; tdecipg esent

i nvention further concern cat. a|
invention fsor mblr}latlon with aluminoxanes contain at

least two groups Q, being the same or different and
chosen from hydrogen, alkyl, aryl, alkenyl, alkylaryl,
arylalkyl or cyclopentadienyl, any of which having from 1
to 20 carbon atoms and optionally being further
substituted, or halide.

The molar ratio of the aluminoxane to the organometal
complex according to the invention may vary between wide
ranges. Suitably the molar ratio is within the range of
from 2 to 10000, preferably from 50 to 2000, calculated
as gram atoms of aluminium pér gram atom of metal M.

The catalyst composition of the organometal complex
of the present invention with the aluminoxane may be
prepared prior to the contacting with the olefinically
unsaturated compounds to be polymerised, or they may be
prepared in situ i.e. in the presence of the feed. It is
preferred to prepare these catalyst compositions by
mixing together the two components in solution in a
solvent such as toluene to form a liquid catalyst system}

Alternatively; the two compoﬁents of the catalyst



conposition for the (co)oligomerisation or (co)polynerisation of

ol efinically unsaturated hydrocarbons, conprising a first conponent which
i s an organonetal conplex as defined above and a second conponent which
acts as a co-catal yst. - 17 - The second conmponent can be an

al um noxane, in particular nmethyl alum noxage~ Al um noxanes are well known

pol ynmeri c al um ni um conpounds, i ch can be represented by t ener al
For il e (R Al PRSI o AOLAE (8 aMe tRR cani pe thd' Catfon
:3( R-A: -0 - A R eird ,anttorc o e eisomnit | chcfbni;idlﬁ&! mnmwrghnénéal hesemgeaer al

ormulae Ris an . Pref.er 0 -5 ca atons and n is 1- 100,
especially 5-20. %‘Qﬁ'{ﬁéﬁ fg}@\ﬁ@%rﬁ)@&rﬂg {Ig‘ hyl al um noxane ( MAO).
Al so effective wherein xthe eafponsrtd of whecatnommice saddgfinédini noxane
(1BAOQ . The al Wi eXANES St ¢¥§B t rq Wi
trial kylal um ni%gm conmpoun s?’%r@%%&a y g%n%t%%oéegjhge@%?n]éarélg%d
cyclic polymer at laash mne Prig ghespnd o ndiel IT9Hp | @k YFERFRR ng to
the invention fgyicorinat, e Wiyl 2 ANkFIaFES 4f¥15ﬁﬁy§uofe@§élémo gr oups
Q being the sgfe or. di fferent aq%yg?osen ;é$n1h ro , q&ﬁ¥l, qé%$,
al kenyl . al kyl SAARY L A (QF WL GH VORI Ay A0 (FARRIR 12 HR 1P r om
1ht o} 2? car bon @?rma]rmy G A rogn aff byt Hert rsmistitl’lm:ecklmsdinuf’aﬁe sum haf i de.
The nol ar ratiq,0 e alum ngo et o) o) C rdgng to
t he invention hye v‘égrlyerg% %ee%f(\%}}lee Qaipgcglspé gﬁ?t%@%? h%@mf%lr&géfi%fi S
wi thin the randghemeétam-A+ @idides nidrer Anyl f¥oivdbky amd00, cal cul ated
as_gram at oms ol 4R EH 490 P HoBl B ALAMB Ol ndelaie cHE Créab el ys!

al conplex of t

conposi tion of the_ organone e present I nvention with the
al uni noxane naycPlitions.

It will be appreciated that when the two components
of the catalyst composition are the cation and anion of
an ionic compound as broadly defined hereinbefore, this
ionic compound can be produced in different ways.

One way to produce the ionic catalytic compound is by
reacting an organometal complex as defined hereinbefore
with a compound of a bulky and substantially non-
coordinating anion. The cation associated with the bulky
anion should be capable of abstracting an anion from the
heterocyclopentadienyl organometal complex to form a
heterocyclopentadienyl ionic compound, rendering itself
neutral. An illustrative example for such reactions is:
(CqMeyP) 22xMes + [Cat*] + [B(CgFg)g~] -->
[ (C4MeyqP) 2ZrMe*] [ (CgF5) 4B™] + {CH3-Cat},
whereby, when the cation [Cat?] is for example
[PhNH(CH3)2+], {CH3-Cat} will become CH4 + PhN(CH3)2, and
when the cation is [Ph3C*] {CH3-Cat} will become
Ph3C-CH3.

Preferably, the bulky and substantially non-
coordinating anion is a carborane anion, suitably a
carborane anion of the formula [BjjCH127]1. Such
carboranes are known and can be prepared by methods such



prepared prior to the contacting with the olefinically unsaturated
conpounds to be polynerised, or they nay be prepared in situi.e. in the
presence of the feed. It is preferred to prepare these catal yst
conpositions by m xing together the two conmponents in solution in a solvent
such as toluene to forma liquid catal yst. 3ystem Alternatively, the two
conponents of the catal yst - 18 - conposition according to_ the invention
‘can be the cati®h Hhaf dfe othehly o canﬁoh"bmﬁiﬂ' dfheme $eRerbP71h280 a

[ (CAAR [err] ]2 [ a}lssﬂ'l @ﬁﬂéﬂﬂéiﬁ%é&fbﬂmmfd?l céﬁs{ﬂéixtzd; , anbeh i élr% P\et
conponents of t ation are as defjnegd hereinbefore royi so tha
qis at least ©° n‘%’%tg?ré%%?el oﬁ%n@dr% g%lg‘&e / f"lﬁbﬁ?}fé rdtip g‘ﬁghyéﬁ%é(an,
aryl, al kyl, alkeny({CE3kyCgHylandré+ECEH,, suckyas otheli belytra (mpeyfblhomnbtch

having from1 t ﬂayﬁjand optionally being further substituted
and n +the sum%}%&feﬁé/a 6;1}]2%68 of the Q groups +1 equals the val ency of

the metal -1, and tThe xatbion A witably bl pgotont-demat tmy | eatijon,

non- coor di nat i RGrdFckesnlea FG@cte Aia FP el P\8m tatYba | sienapprgci ated that
when the two conponents of the catal yst conposition are the cation and

ani on of an i orftict TORPRMEPRSUR r GRlEH 91 o F T @K MBP £ nbEt R DUt K ampeRi gm
conpound can becatishicenl tertit{iesBp) aoystisNemapybé ouPs@dusechhesi gt cC
catal ytic conpounqéis_ reactin %ﬁ organong%gl coqglex as deflged
her ei nbef ore wiRP L SHTR ¥ 13y AL hsTRM PRI £ 9 hoh- SEH¥PEI nat i ng
ani on. The catilonassnc ateiphenyl caebdniby domon shoul d be capabl e of
abstracting an ani r 120y. qggg# . conplex to
forma heterocycl ogfei}é a%%%?%ﬁﬁ%%ﬁ%%@eﬁ%eﬁ ng&?ts I ﬂr‘ﬁéﬁ?ral. An
il lustrative exipgrthepnrthe corganenebaklie: complex and the compound of

the bulky and substantially non-coordinating anion,

preferably in solution in a suitable non-polar solvent
such as toluene, chlorobenzene, an alkane or an alkene,
to form a liquid catalyst system. The two components are
generally employed in substantially equimolar amounts,
although the molar ratio of the first component to the
second component may vary within the range of from 0.1 to
5.0. Such a quantity of.the catalyst system is usually
employed in the reaction ﬁixture as to contain from 10-1
to 10~7 gram atoms, in particular from 10~3 to

10-5 gram atoms, of the metal per mole of olefinically
unsaturated hydrocarbon to be reacted.

Another way to produce the ionic catalyst is by
reacting a suitable heterocyclopentadienyl organometallic
compound with a neutral, strongly Lewis acidic compound
which is capable of abstracting one of the radicals Q of
the organometallic compound, thereby also contributing a
bulky and substantially non-coordinating anion to the
completed catalyst compound. An illustrative example of
such a reaction, related to the procedure described by X.
Yang et al., J. Am. Chem. Soc. 113 1991 3623, is:

(C4MeP) 2ZrMes + B(CgFg)3 -->



(CAMe4AP) 2ZrMe2 + [Cat[er]] + [B(C[err]F[err])4] -->
[(Cerr]Me[err]P)[err]ZrMel[err]][(err]F[err])[err]Blerr]] +

{CH err]-Cat}, whereby, when the cation [Cat+] is for exanple

[FPhNH(CH  err]){err]], {CHerr]-Cat} will become CHerr] +

PhN(CH err])[err], and when the cation is [Dghl-err]err]] {CH err]-Cat}

w |l becone Ph[err C-CH[err% Ere rably -jhe bulky and substantially non-
coordi nati ng ank BraMeP o 2zMen) §%6%& 3stitably a carborane anion of the

formul a [B[err]C}{GKIﬂHouéhKﬁthWéqufWE6 for daoalyieie setivitps epareleby
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trial kyl ammoni Lunpﬁiap@uﬁ@xaﬁé@npﬁeréiatﬂv@yyyémpnamlea&l 8Pe
Al ternatively, whi ch i s not E%oton donating, such as a
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breferably i n SHYERORR o8N def IR0 thre g nEfOa s BLERPRRERPE; Phg e,
chl or obenzene, emtalmt\ecmnpcasn'aimr@ntbefbwdadl oQuadsebidl| garrigstem
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anounts, although t rati | rst_conponent” to the second
conponent nay V%ﬁ? %ﬁt%@ﬁr%%é ?%ﬁ@%1%$sfr%ﬁﬁﬁpleﬁ0353Oma@%%ﬁlﬂquB%?F%geof
the catal yst sysi@mhé o®idésYo£nPlDye6n| nalteinbak) i RagRexiuwkp as to

contain fron110£e£rAlum’ zirconium and iron and amorph and crystalline
mixtures thereof, in particular silica, alumina, silica-
alumina and zeolites. The carrier materials are used in
the form of particles, suitably smaller than 1 mm and
having a specific surface area greater than 1 m2/g.

Very suitable in as carriers for the catalysts of
this invention are the materials, composed of aluminoxane
and silica, such as are marketed by WITCO GmbH,
Bergkamen, Germany. Both neutral and ionic catalytic
compositions as defined hereinbefore, containing the
heterocyclopentadienyl organometallic complexes according
to the invention, can be combined with these materials to
form solid catalytically active compositions.

A further aspect of the present invention is the
process of (co)oligomerisation or (Co)polymerisation of
one or more olefinically unsaturated hydrocarbon(s) in
the presence of catalyst compositions as defined
hereinbefore. The term oligomerisation is intended to
define an unbranched or branched chain product, built up
from 2 to about 20 monomeric olefin elements.

The (co)oligomerisation or (co)polymerisation



to 10[err] gramatons, in particular from10[err] to 10[err] gram atons, of
the metal per nole of olefinically unsaturated hydrocarbon to be reacted.
Anot her way to produce the ionic catalyst is by reacting a suitable

ttet er ocycl opent adi enyl organonetal lic conpound with a neutral, strongly
Lewi s aci di c conpound which is capabl e of. aistracting one of the radicals Q
of the organonetal |lic conpound, therehy al so contributing a bu] ky and |
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conposi tion according to the invention exanpl'e in order fo Increase
the sol ubility QReiHelMfetime of the conposition. For. the ionic catalytic
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having a speci fiRa&k¥Imhcks fektapbarearrivg quiendey gconditions of

moderately elevated pressure, preferably in the range of

from 100 to 10000 kPa, more preferably from 500 to

6000 kPa. The conditions of temperature and pressure can

be varied within these ranges in order to maximise the

yield of the desired product, as can be readily

established by those skilled in the art.

The starting reactants may be supplied to the reactor
together with an inert diluent, such as nitrogen or
helium when the reactant is gaseous, and a liquid
solvent, e.g. the same solvent as that of the catalyst
components, when the reactant is in the liquid'form.

The reaction is preferably carried out in the absence
of air or moisture.

~ Reaction times of from 1 minute to 5 hours have been
found to be suitable, depending on the activity of the
catalyst system and on the reaction conditions. When the
reaction is homogeneous it can be terminated by adding to
the reaction mixture a conventional catalyst deactivating
agent (proton donor) such as water, methanol, or another
alcohol. Alternatively, the reaction can simply be
terminated by the introduction of air.

The products of the reaction are typically mixtures.



Very suitable in as carriers for the catalysts of this invention are the
mat eri al s, conposed of al um noxane and silica, such as are marketed by

W TCO GrbH, Ber gkamen, Germany. Both neutral and ionic catalytic

c¢onposi tions as defined hereinbefore, containing the heterocycl opent adi enyl
organonetal i c conpl exes according to the ppvention, can be conbined with
t hese naterialg to formsolid,c tive conpositions. A-further
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100 to 10000 kPa, nore preferably from500 to 6000 a. The conhditions of
tenperat ure andhsr &roductdan of “(co)oligomers and of (co)polymers

having a relatively low molecular weight, i.e. below
about 50000 daltons, for the production of which prior
art catalysts have been found to be less suitable.

The properties of the products may be controlled by a
proper choice of the catalyst composition, the starting
material (s) and the reaction conditions. Also, when the
presence of an unsaturated end group in the product is
not a requirement, the molecular weight thereof can be
controlled by adding hydrogen to the reaction mixture.

Catalysts according to the present invention are
particularly suitable for the production of oligomers of
the feed olefins. Oligomeric products which are of
particular interest are linear alpha alkenes having a
chain length within the range of 5 to 24 carbon atoms, of
which those having between 6 and 10 carbon atoms in the
chain are currently more particularly preferred. They are
in great demand as intermediates for the preparation of
detergents, lubricant additives and polyolefins.

Catalysts according to the present invention are also
particularly suitable for the production of liquid
atactic polymers, of which those having an olefinically
unsaturated end group, more preferably a vinylidene end



he varied within these ranges in order to maximse the yield of the desired
product, as can be readily established by those skilled in the art. The
starting reactants may be supplied to the reactor together with an inert

di l uent, such as nitrogen or heliumwhen the reactant is gaseous, and a
liquid solvent, e.g. the sane sol vent as-tpat-of the catal yst conponents,

when the reactant is in the liquid form The _reagtion i,s . preferably carried
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term nated by the iIntroduction of air. The products of the reaction are
typically m xtdubFicating»il pemposhtianssyitably recovered by separation
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(co)pol ymers ©f the present invention having a bulky substituent as
defined hereinbefore on one or both of the 2 and
5 positions on the ring, for examples both of the
complexes bis (2, 5-diphenylphospholyl) zirconium
dichloride and (2, 5-diphenylphospholyl) (cyclopentadienyl)
zirconium dichloride were found to be particularly
effective in the polymerisation and copolymerisation of
olefins other than ethene alone, such as propene and
octene with ethene.

A class of products which is presently of particular
interest are the syndiotactic polystyrenes. Catalysts
according to the present invention, in particular
monophospholyl metal complexes, e.g. substituted
phospholyl titanium trichloride catalysts with MAO
cocatalyst, were found to selectively catalyse the
polymerisation of styrene to syndiotactic polystyrene.

The invention will be further illustrated by the
following Examples.

Example A. Syntheses of heterocyclopentadienyl Group 4
complexes.

(C4Me4qP) 22rClp, I

A solution of l-phenyl-2,3,4,5-tetramethylphosphole,

. 2.87 g (13.3 mMol) in 50 ml of tetrahydrofuran was




having a relatively | ow nol ecul ar weight, i.e. bel ow about 50000 daltons,
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(Literature: F. Nief, F. Mathey, L. Ricard

Organometallics 7, 1988, 921-926).

(C4MeyqP) (CsH5) ZrCl2, II
Complex II was prepared by a similar procedure as
described for reaction of I, except that ZrClyg was
replaced with C5H52rci3. 1H-NMR and 13C-NMR of the
isolated product were in agreement with its formulation
as (CgMeyqP) (CsHs5)Z2rClo. Yield ca. 60%.

(3,4-Me2C4H2P) 2ZxrCl2, III
Complex III, was prepared according to the route
described for I except that the phospholyl anion in this
case was (3,4-Me2C4H2P) . '

(3,4-Me2C4H2P) (C5H5) ZrCl2z, IV
Complex IV was prepared according to the route described
for II except that the phospholyl anion in this case was
(3,4-Me2C4H2) ~. |

[W(CO) 4 (C4MeqP)2]2rCl2, ¥
A mixture of (C4Me4qP)2ZrCl2 (1.75 mMol) and (norbornyl-
diene)W(CO)4 (1.80 mMol) in méthylcyclohexane was kept
at 75 °C for 5 hours, then cooled to room temperature.
The solids were filtered off and the filtrate was
evaporated to yield a red solid. Yield 50%. (Literature:
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positions on the ring, for exanples both of the conpl exes

bi s(2, 5-di phenyl phosphol yl ) Z|rcon|un1d|chlgr|de and

(2, 5-di phenyl phosphol yl') (cycl opent adi enyl ) Z|rcon|un1d|chlor|de wer e found
to be particul al‘fllg/f.efﬂ’,ed{atteey;n K he Biotamitys i satd oroxgenengol yglkemsat i on of

ol efins other tiggyetdfe Apne, such as propene and octene with ethene.
cl ass of products mhlch i s 2 sently of partlcular I nterest are the
syndi otactic polyst ing to the present invention,

particul ar nvnqpm?)mty:i 5@ tew.e. &Qsomtiﬁutédrm%ﬁbﬂhr’én

titaniumtrichlor

sel ectively cataoﬂ a%e%ysl %?f’?f %ggtlr‘]g%‘ﬂgﬁs

pol yst yrene Ti‘aames/sanlimmlv):aé)erémnS\eramdltmrmmllbi/ng hsoIlwtiomi ng

A

in

(Cinkap) 271 01 2. T R e B By Yo S 5L SEREERR M0 59 “ﬁoﬁ%ﬁefﬁ' eéeZ%

g (13.3 mwl) |wa5oadﬂeabfam¢ttmyma¢m@m mixture -was stirvedeatwpt iC
i thi um T o | (3ede AL S99 Y ALERLS . TR Oﬁhé” f‘flﬁdcfééct){oﬁ'ﬁi‘k

renpved and the reaction m xture was co ert| e cool ed
solution 0.59 P05 @B ZECLaMWRS. a‘#@%‘éra%@ ﬁm&Gawaa ‘E‘éﬁ*?}@?ﬁefor

resul ting m xt Lh{rﬁ)t!!?ér s3evhinweEsedat Or@o:ﬁttémpélréwwnsmﬂe@ftlzaa [err],

1.55 g (6.6 m\/blg 219]:1e régclzéjfcro]r? n?{xt(:)ul['gr{r s clﬁa‘ l?éd?’g Qgtggeégnce

reaction m xt urk
of phospholyl anion by means of 3lp_NMR. When all
phospholyl anion had reacted solvent was removed under
vacuo. The resulting solids were treated with dichloro-
methane and subsequently the insoluble fraction was
rapidly removed by centrifugation and decanting the
mother liquor. The obtained dichloromethane solution was
immediately evaporated and the product treated with
toluene. In this process an oily phase is formed
together with an clear solution. This clear solution was
separated and subsequently all volatiles evaporated of.
The residu was taken up in diethyl ether and the
suspension stirred untill all oil had solidified. The
precipitate was suspended in toluene, the solids were
removed by centrifugation and decanting the mother
liquor, and the resulting solutions concentrated and
subsequently cooled to -25 °C. After 48 hours crystals
had formed which were isolated. The product was
characterized by 1H—NMR, 13C-NMR, and 31pP-NMR. The data
are in agreement with its formulation as (2, 5-
Ph2C4H2P) 2Z2xCl2.

(2, 5-Ph2C4H2P) (CsHs) ZrCla, VII

Similarly to the preparation of (2,5-Ph2C4H2P)2ZrCl2,
VI, a solution was prepared of the (2,5-Ph2C4H2P) anion



evaporated to dryness and the residue taken up in hexane and evaporated to
dryness. The resulting material was chromatographied over SiJerr] with
hexane as el uens. Evaporation of the volatiles fromthe el uted hexane
feraction affordded 2.0 g I, which was characterized by [err]H, [err]C,
and [err] P-NVR. (Literature: F. Nef, F. M#ztdhey, L. R card Organonetal lics
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were filtered ed to yield a red solid.

Yield 50% (Literat J#-eNMR é%l\MRN.@md%fgm f the spliddare. ig.
Organonet. Chenag28@Sflen884itR 7is f@rﬁuf’éﬂfféﬁ]%ew]k‘[-e”]P)[e”]ZrCl [err],

VI 1.0 g of 2, %hhgﬁgg)PFQS%szgéfsol ved in tetrahydrofuran

(C4MeyAs) (CsH5) ZrClo, VIII
1-Phenyl-2, 3,4, 5-tetramethylarsole (1.18 g, 4.5 mMol)
was reacted with excess lithium metal in tetrahydrofuran
at room temperature. After two hours the reaction
mixture was cooled to -78 °C and transferred by canula
onto solid anhydrous AlCl3 (0.2 g, 1.5 mMol). The
reaction mixture was allowed to warm to room temperature
while it was continuously stirred. The resulting
solution was transferred by canula to a stirred
tetrahydrofuran suspension of (CsHs)ZrCl3z (1.2 g,
4.5 mMol) at -78 °C. The reaction mixture was slowly
warmed to room temperature and stirred for another
16 hours. Subsequently, the solvent was stripped in
vacuo to afford a residue which was extracted with 50 ml
of hexane. Hereafter, the residue was extracted with
toluene. After evaporation of the volatiles from the
toluene solution a powder remained which was
characterized as (C4MegAs) (Cs5H5)ZrClz with a small
amount of a product resulting from reaction of phenyl-
lithium with tetrahydrofuran.

(2, 5-Ph2-3MeC4HP) 22rCl2, IX
.0.64 g of 1,2,5-Ph3-3-MeC4HP was stirred with excess of



and reacted with 0.09 g of lithium After 45 m nutes excess |lithiumwas
renoved and the resulting solution chilled to O [err]C. To the cold
solution 0.145 g of AlC[err] was added and the reaction m xture was
gtirred at O [err]C for about 30 mnutes. To the resulting reaction m xture
0.35 g of ZrA[err] was added and stirring2was continued for another 30

m nutes at room.tenperature., After th eriod the reaction m xture was
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(2,5- Ph[err] Clueaon Hexpngmraure | Heaatqafitgr the solvents were evaporated

(2,5-Phlerr] O qid Hir! rddRdielfdr |ddived G edfdcghﬂéﬁlﬁifﬁ ddly to the
preparation of (2,5-Ph[err]err]Herr]P)[err]zZrC[err], VI, a solution was
prepared of t hé’(”(r?,n!?-tlﬂﬁre”r I§% V9 sti}iga qmih solvents were

t et rahydr of ur arevapbratme @ tihe neanilaling atdrd{eWwdshed with
hexane. After drying under vacuum the solids were
isolated. The product was characterized by 1H-NMR,
13C—NMR, and 3lp-NMR. The data are in agreement with its -
formulation as (2,5-Ph2-3-MeC4HP)22rCl2.

(2,5-Ph2-3, 4-Me2C4P) 22rCl2, X
0.59 g of 1,2,5-Ph3-3,4-Me2C4P was stirred with excess
of lithium foil in 30 ml of thf for 4 hours at room
temperature. Hereafter, excess lithium foil was removed
and 0.6 ml of t-BuCl was added. The mixture was warmed
to 55 °C and stirred for 45 minutes. Subsequently, the
solution was cooled to room temperature and a suspension
of 200 mg of ZrClg in toluene added dropwise. After
addition of ZrClg was complete, the reaction mixture was
warmed to 60 °C for 30 minutes. After this period the
volatiles were removed under vacuum and the solids

extracted with toluene. Upon evaporation of the toluene
a solid was obtained which was recrystallized from
CH2C12. The product was charactérized by 1H—NMR,
13C—NMR, and 31P-NMR. The data are in agreement with its
formulation as (2,5-Ph2-3,4—Me2C4P)2ZrC12.

(Ph4C4qP) 2ZrCl2, XI



This reaction m xture was dropwi se added to a sol ution of
(CJerr]JHerr])zZrd[err] in tetrahydrofuran at roomtenperature and the
whol e m xture stirred for another 30 mi nutes. Subsequently, the reaction
products were worked up as described for the VI conplex with

di chl oronet hane, ether, and toluene. After2ghe |atter step the volatiles
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Hereafter, the Qo RMRREAure ke dd hinintigsienthe Aemperatipee 20F obhef the
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amoUnt of & pr GRICETTIAL 19T q TRARYGAR: | U6 HLGRURRTCE W35 REBPTSE DY
t et r ahydr of ur arcer(t; S Uy fon |ardde Guibdedidnel vy, AKe [wiIdtiles Oubdeg of
1,2,5-Ph3-3- Ne%tﬂ@.s 'ﬁ{é rfeeéhﬂz{rpg C&Sfia v?gs washed with hexane,
isolated, and characterized by 1H-NMR, 13C-NMR, and
3lp-NMR. The spectral data are in agreement with its
formulation as (Ph4C4P)22rClo.
(2-Me-5-PhC4H2P) 22rCl2, XII
0.41 g of 1,2-Ph2-5-MeC4H2P was dissolved in thf and
reacted with an excess of lithium foil. When conversion
of the starting material into the corresponding anion
was complete (as measured by 31P-NMR), the excess
lithium was removed and 115 mg of AlCl3 was added at
0 °C. The resulting reaction mixture was stirred for
30 minutes and subsequently, slowly added to 190 mg of
ZrClg in thf at 0 °C. After stirring the solution for
60 minutes at room temperature, the volatiles were
evaporated off and the solvents extracted with toluene.
Evaporation of the toluene, extraction of the obtained
solids with CH2Cl2, removal of the volatiles under
vacuum, and subsequent washing of the solids with hexane
afforded a precipetate which was isolated and
characterized by 1H-NMR, 13C-NMR, and 3l1p-NMR. The
spectral data are in agreement with its formulation as



-. 27 - lithiumfoil in 40 m of thf at roomtenperature. After stirring for
45 mnutes the excess lithiumwas renoved and 0.5 ml of t-butylchloride was
added to the reaction m xture. The m xture was warmed to 55 [err] C and
stirring was cotinued for 30 mnutes. The solvents were evaporated to yield
t he crude phosphol yl |ithium conpound. Tqg _crude lithium conpound was
added 30 m of diethylether and the m xture ™was cooled to -78 [err]C.
Subsequent |y a §2rdfenstORCO2RPPBZnGlaf (Zr Cs¢merd) in tol uene was slowy

added and the mi xtupge. S5£%l§U5ihléM¥@%ﬁQfﬁglﬁ@@lﬁfﬁpgﬁ@éyﬁe x¥egeafter

t he solvents were evaporated and the remai nder dissol ved i1 n digthyl et her
and chr onat ogr api? &d9 REr1sPhTea (3Pt sBuRzATOMaREHE2 byvapieaddaPanast he

resul ti nlg {raé erd_}_fésd@ﬁé'@d%ﬁ\ﬂ 160 hﬁxa@sttwftsﬁdgfd%eeel\lwgthveﬁ%eglsw}? he sgl i ds
were | sol at ed. roQucC S Characterl ze \ r - n
oI avR Thesasi SR oF | 18 R0 GEa T AE Ehof femberttira: ; ARERL Fohoval
(2,ﬁ-Ph[err]-[enf]e$¢é$$r3¢&fhmer2]ﬁﬂ(btetfbutﬁﬂchlorlde was added to

5-P 3,4 P )

L2 5 P 3, 4 NESORFIEELS EESEE (I benodr e Puds pised 58 m of
thf for 4 hours5%t® ¢oownqleﬁperaLMeconemuedeereadeeersLtﬂuhaeﬁuenths
removed and 0‘%5@ 861 ¥erbt Gra ¥0gvAH9E QFeahe A4 xE éer&gﬁlﬂﬁﬁéﬁgfeguéé [err]C

and stirred for 45 mnutes. Subsedquent e sol ut1 on was to room
t enper at ur e anos‘él%%%%e%%?}én %fmlzoef n@e@nir‘éﬂlf&%]al SuUSPENSHAn JHasd

dropwi se. Afteromggined@n Hér@éﬁé?rtﬂxe\/@ﬁsﬁé’ﬁ@i@ﬁewaé hgehepeFugatauxt ure
was warnmed to %héerr or % éﬁtei éhls &ﬁr od tﬂ voL |Ies
were renoved un Fateds j the ez tid REO vashedew
evapor ati on of Zﬁenlo¢ﬂéhexanepldﬂlmdsunﬁenlmaduWM|aﬂdmhsolatedstathlged
(L0 e S8t e Iy PheRhoatce \GhactEcbastalb sE IR,
as (2,5- Ph[err]t®1me%[@¢¢1]@@¢d]m[@@]m@feﬂqlu suspended in 10 ml
of toluene in 45 minutes and the resulting micture was
stirred for 16 hours. The resulting reaction mixture was
centrifugated, the supernatant decanted, and the solid
remainder washed twice with 10 ml of toluene. The
toluene supernatant and washings were combined and the
solvent was evaporated. Subsequently the resulting
product was dissolved in 50 ml of hexane, centrifugated
and concentrated to about 15 ml. Upon cooling crystals
were formed which were isolated after drying under
vacuum. The product was characterized by 1H-NMR,
13C—NMR and 31P—NMR The data are in agreement with its
formulation as (2-(3,5-t-Bu2-4-OMeCgH2)-5- |
MeC4H2P) 2ZrCl>2.
(C17H12P) 2Z2rCl2, X1v
Phosphole Ph-PC17H12 was dissolved in thf and treated
with sodium. After stirring for 1,5 hours the excess of
sodium was removed and 1 ml of t-butylchloride was
-added. The mixture was warmed to 52 °C and stirring
continued for 1 hour. The solvents were evaporated and
the remainder washed twice with hexane/toluene (9:1).



(Phlerr]derr]P)[err]zrd[err], Xl - 28 - 1.5 g of
1,2,3,4,5-Ph[err]Cerr]P was stirred with excess of lithiumfoil in thf at
roomtenperature for 16 hours. Hereafter, the excess |ithiumwas renoved, 2
M t-BuCd was added, the reaction mxture was warnmed to 55 [err]C for one
hour and subsequently all volatiles were-rggowved under vacuo. The remaining
solids were wa d.twce wth exane dr| d un  q/acuo, & solated. 0.5
g of the isola Y)&ﬂ@t (g (%ﬁ RS ‘gltéh‘é? added
to a suspensi orsmpet&(lorg aoff %tm; iaE 1tfh:nst sdlicbluen]eS anl of etail_r@né\f ter

stirring the r [ r reat
t enper a?ur e of %ﬁ% a?%haéq i%djn %%sé%éfgﬁsﬁﬁ gn%cgf [err %Hil?%t I rrl ng
was continues fofr Boluanfitads ropwe taresratune. WBEter i Yo cve¥nighft i on

and, subsequentdne il addd %er&ﬂ@!lefud’a'ﬂl?é&’mtﬁ@eciéasﬂdf & 04 Lu tBSn
washed with hex ne, . sol ated, and characterized err err] G NWVR,

and [er] P- NVR Qﬁﬁﬂ:§Q9 FﬁﬁzﬁQ%Y§q§§zﬁﬂ§R9ﬁﬂﬁ 4t¥?¢%ﬁ %tion as
((jPhA'Cf'P) gz_r a 2. sdﬁd&w&f&l%ﬂfé&&ﬂcﬂe with (héblaarge ()indfs’i_:kl?&é’mEel T MEGAH2P was
I Ssol ve Int ces | t um . e . .
Conver ot on of - (ireaked ST AT 4 R ST lird ity e 1% ping
conpl ete (as nessluirdsl vtgr@]:l:sa\ll\aft)edta‘mi exescted with izenzemevantd and 115
f Ad: 3 t

SPirred for s0 i A Eng e e‘%fﬁfﬁﬁ FE LR Sefrdtd a e vas
Zrl[err] in tiAregipetake |was Afft@ratsﬁ -rrThfg mrredw ma%rf:h@racsbemmﬂles at

room t enper at ung, Yhamwo! didd-admiersns\Bhnnaied B{d dh tdee sphvents
extracted with tol uene. Ev%ﬁt{at|g€ of the, toluen extraftloqhgf t he

obt ai ned solld§QEQQ?Q§ﬁeﬂ% ¥&3 rforRpulAhign #S ¢ der

(2, 5-n-Pr2C4qH2P) 2Z2rCl2, XV
Compound XV was prepared in the same way as compound I
by replacing Me4C4PPh with 2,5-n-PrC4HoPPh. The NMR
data of the isolated product are in agreement with its
formulation as XV.

(2, 5-t-Bu2C4H2P) (C5H5) ZrCl2, XVI
A suspension was made of 220 mg phospholyl anion
(0.63 mMol) in toluene and was cooled to -40 °C. To this
suspension was added 83 mg (C5H5)ZrCl3 as a solid. The
reaction was stirred for 20 hours at room temperature.
The formed LiCl was filtered off. An equal amount of
hexane was added to the toluene and stored at -40 °C for
two days. The yellow crystalline powder which had formed
was isolated after decanting the mother liquor and
drying under vacuum. The product was characterized by
1H-NMR, 13C—NMR, and 31p-NMR. The data are in agreement



vacuum and subsequent washing of the solids with hexane afforded a

preci petate which was isolated and characterized by [err]H NVMR [err] C NWR
and [err] P-NVR. The spectral data are in agreenment with its formnmulation as
- 29 - (2-Me-5-Pherr]Herr]P)[err]ZrC[err] (2 isoners).

(2-(3, 5-t-Bu2-4- OC6H2) - 5- MeCAH2P) 2Z2r A 2, Xl 2,34 g of

1- Ph-2- (3, 5-t-Bu2- 4- O\BC6H2) - 5- MeCAH2P was “di Ssol ved in 100 m of thf and
reacted wth exciss Bmﬂifwmmmﬂaﬁibﬂunss(2u5+tmEEEF%F@PBIﬂ5E5)z&cbz.renova
of excess sodium 2 of_4. ' ed to the reaction

m xture, the terrpergﬁusr eév\%ﬁ‘ﬁi@ggf%ég@ \@?Q and stirring continued
for 2 hours. SubsRhninhte-RepC4HeR ewns wiibs svhyped atrdtiafidandiereastiédi ng
product stirreq, g Neftledd W L€ UE@x{ééér éf@P%éx?“aY"f‘ssf??{»giH?d-
Hereafter the suspension was centrifugated, the solution decanted, the
solid product \RRIFRRMS H3S ‘h?nYﬂrtFﬁngFOd‘Fh%dan §%ee®® Nadwasol at ed.

1,4 g of the i sdmdwsl HRIUEIBYEE waks Peddied amd 28ndl r&ict DbNEREx e added
in 10 m toluene,in 45 mnutes and the

to 450 of Zrd[er S ended f

resul ti g!g} m ct dF ]Ec? i%%eogf ﬁua%e%%ﬂ'éfy’rhteh? e%?ﬂ-‘t’?‘?lb ‘?’%%c’c’?’&ﬂvﬁ‘iixt ure

vas cen_trihf tigataatd ttktm :semmimht@rsoliﬂd:ﬁl' rwwhedmnlitliﬂshémdam@l amadh_ niled washed

twice wt : 0 e, supernatant and washj ngs e

- conbi ned and ”r]ﬂencgéo v‘gAn was %@%p%?ﬁ%%”&%s%ﬂ%@ﬁ??yw?%er?%%{:ﬁgi‘ﬁﬁr%duct
was di ssol ved isusmensien ¢£m5ﬁ@%4?bmtt¢1mg936mtanunnohempegat?netodabput

15 m. U ' | I ted after dryin

pon cogl#igr %a@é@i&l)ﬂﬁ]ﬁe é’éff&s"\ﬁ?éﬁé‘ ii\ﬁgm@% ying

under vacuum The product was aracteri zed g | rr] G NVR, and
[err] P-NMR ThER . Higatirngraeirlygne selutipmoencentrated, some

(2-(3, 5-t-Bu2- héd&{d eadded £rand -doo el €6 r424 e7¢ P)uperi r ¢ ihg yéllow
crystalline material formed which was isolated after
decantation of the mother liquor and drying under
vacuum. The product was characterized by 1H-NMR,
13C—NMR, and 3lp-NMR. The data afe in agreement with its
formulation as (2,5-c~-Pe2C4H2P)2ZrCl2.

(2,5-i-ProC4H2P) 22rCl2, XVIIA
309 mg phospholyl anion (1.72 mMol) was added to a 15 ml
toluene and cooled to -40 °C. 114 mg ZrClg was added and
the suspension was stirred for 20 hours at room
temperature. The precipetate which had formed was
removed and to the toluene layer an equal amount of
hexane was added. Upon cooling of this solution to

=40 °C a yéllow compound crystallized. After removing

the mother liquor and drying the solid under vacuum, it
was isolated. NMR data are in agreement with formulation
of the material as (2,5-i-Pr2C4H2P)22rCl2.

(C20H16N) (Cs5H5) ZrCl2, XVIII
Dibenzo [a,i]-3,4,5, 6-tetrahydrocarbazolyl-lithium,
C20H16NLi, 100 mg, was added to a suspension of 95 mg of
Cs5H52rCl3 in toluene at room temperature. After stirring
for 3 hours the precipitate is removed and the solution
concentrated and cooled to -20 °C. After 16 hours the



(Cerr]JHerr]P)[err]Zrd[err], XIV Phosphole Ph-P(err]H err] was dissol ved
in thf and treated with sodium After stirring for 1,5 hours the excess of
sodium was renoved and 1 nl of t-butylchloride was added. The m xture was
warnmed to 52 [err]C and stirring continued for 1 hour. The solvents were
evaporated and the remai nder washed tw ce- \32 - hexane/tol uene (9:1). -

30 - After dry| er _vacuu he sol.ated. /A S ension_of
267 g of thi X Egmgl%rﬁ*“%# SO G R S gt
mvbl of Zrd[ertH- NMR 1@na 1 HMRuémEaaefrbbe1ceyﬁbahiueemaﬁérealsarer|ng
overni ght the njxt e&ﬁénfeﬁ#% fyggtfgrmﬁfgt?5§a£sorange sol uti on decanted
and the sol vents ev or at e renmalning so were washed twice with
hexane and subs@a&@%16¥)£¢é%5b@rﬁl2h a 0.5 m of dichloronethane. The
resulting solids were isolated and extracted with benzene and
di chl oronet hane. After evapo 0 o] ¢ solvents a precipetate was
| sol ated. The product wa - ' err]HNVR, [err]CGNVR, and
[err] P-NVR The data are 4@ fergylBf AN as
(derr]Herr]P)[err]zrd [ e
(2, 5-n- Pr[err]C[err]H[err]P)[err]Z‘CI[err] XV Conpound XV was prepared in
the sane way as conpound | by repl aci ng Nb4C4PPh wth 2,5-n-Pr2C4H2PPh. The
NMVR dat a of thelsgtéé agr eenent vvithitsforrrulation as
XV. (2,5-t-Buferr] e {éﬁew7$k{err])2r€l[errL A suspensi on
was made of 220P thi dnb1 betrahXdrecarbase Ehelahhlums cool ed
to -40 [err]C. @oﬁfgmwsm@s'ﬁ@, vw&saséeéd&éons é&%ﬁéﬁk%ﬁrbk) 4oChgerr]
as a solid. The ef.éion was t|rred for 20, hours g roomtenperaturée. The
formed Li G waso¥ i %6l £cinr FolUepE ity TamBuFemperature. Arter stirring

for 3 hours the precipitate is removed and the solution

concentrated and cooled to -20 °C. After 16 hours the

resulting crystals were isolated and dried under wvacuum.

1H-NMR and 13_‘C-NMR data as well as elemental analyses of

the crystaline material are in agreement with its

formulation as (C20H16N)2ZrCls.

3,4-Dimethylphospholyl titanium trichloride, XX

To a solution of 50 mg bis(3,4-dimethylphospholyl)

zirconium dichloride in 1 ml of CgDg was added 0.5 ml

1 M TiClg in toluene at room temperature. The solution

turned bright red and a precipitate formed. The solvents

were evaporated of and the remainder extracted with

hexane. The crystals which formed whilst cooling to

-40 °C were separated, dried, and characterized by NMR.

NMR data of (3,4-Me2C4H2P)TiCl3 (CD2Cl2, &, ppm): 3lp,

190.07. 1lH: 1.81(s,3), 6.78(d,1, Jp-g=35.5Hz) .

2,3,4,5-Tetramethylphospholyl titanium trichloride,

XXI

To a solution of 307 mg of bis-(2,3,4,5~tetramethylphos-

pholyl) zirconium dichloride in 40 ml of hexane was added

1.5 ml 1M solution of TiClg in toluene at -78 °C. The
yellow-orange solutions darkended immediately and was



hexane was added to the toluene and stored at -40 [err]C for two days. The
yel |l ow crystalline powder which had fornmed was isolated after decanting the
not her |iquor and drying under vacuum The product was characterized by
[err]H-NVR, [err]C-NVMR and [err] P-NVR The data are in agreerrent - 31 -
with its fornulation as

(5 2t PobotbAates Lo didin 5 hodw rtr%@rz rG%ﬁ%r SUPSSTYSRLEE Hhesol ved

in thf and reacicdrents wewessvayordtedand etiperptodwct Wbetn:@d:tedtﬁith ng

d
has haded and REFS SRS SR Eion B 8 Wl Bind B SEefilfnlgd e
sol vent was remﬂddi%wmnmeioblﬁtﬁdwpmbmmrmmﬂethWMne and dried
under vacuum MR 5Pt nes, pr@%em)r i£d( (‘.‘bé(’flz;‘, sgjs | o818

ZrCl[err] in toluene atlroomterrperature er reac solids were

renmoved by centZidRfxt i dh 2+t {21 Pene 2R LﬁqWBﬂﬁ%fﬁ Y ed some hexane
added, and cool ed tzo, J{mﬁl}lqahdgp}{bppplﬁmfyﬁmmﬁmlaiaépm eri al
[

forrred whi ch |so aftejgmtg g‘glitea‘%éeﬁ'%ysthe thYe I}\?%Qor"aﬁn dryi ng
r &NR)F?

under vacuum
[ err] P-NMR The‘sojau]a cff a:etra%wchmmamw&s |dddddran| et¢ess asf lithium

2,5-c-P

22, 5- |C Pﬂ E:H %:Hjﬁl[ er r%l‘g)t{eg{lé%%%% er r%ft%a/ﬁ%w olfloﬁl ani on
(1. 72 mwbl ) washeickxress 0 amhxmm mmpmwddtthem{etxqm was4 ny
Zrdferr] was_addebb td‘@éusf@rlﬁié)rbﬂﬁflé&'ééﬁﬁti&i @%ﬁl%&&éﬁé:héﬂem

tenperature. The preC|3pet ate vvh forned was renoved

t ol uene | ayer @Qrﬁt%%&id&ﬁ R RERA | FRF of this
solution to -4Qar{artrdz€::eoyﬁﬂmsprmmm@éryﬁlpliﬂé@blﬁmﬁ WESOYbHDed he

ot her |1 quor q_-r})d -CH(}” c? Osog ncljl unperrn\./n"tiecéhﬁ chloro silane was
' added. After warming the reaction mixture to room

temperature the volatiles were evaporated of and the
remaining residue chracterized. 3lp_NMR showed that 87%
of the residue consisted of 2,5-diphenyl-trimethylsilyl
phosphole (31P-NMR (CD2C12): -38.53 ppm, lH-NMR (CD2C12)
-0.24(d4,9), 7.2-7.6(m,12). This residu was taken up in
30 ml of hexane and 2.5 ml of 1.0 M TiCl4 in toluene was
added at -78 °C. The reaction mixture was allowed to
warm to room tempearture and the solvents were
evaporated. The product was obtained by extraction of
the residue with dichloromethane and recrystallization
of the obtained solids from the same solvent.

NMR data of (2,5-Ph2C4H2P)TiCl3 (CD2Cl2, &, ppm):
3lp: 160.79. lH: 7.50-7.52(m,6), 7.90-7.93(m,4), 8.09-
8.10(d,2).

2,3,4,5-Tetraphenylphospholyl titanium trichloride,
XXIII |
To a solution of 100 mg of pentaphenylphosphole in 25 ml
of thf was added an excess of lithium foil. After
stirring at room temperature for 3 hours the excess of




was isolated. NVR data are in agreenent with fornulation of the material as
(2,5-i-Prlerr](err]Herr]P)[err]Zrd[err].
(derr]Herr]N(Cerr]Herr])zrd[err], XVIII D benzo :
[Fa,1]-3,4,5,6-tetrahydrocarbazolyl-lithium Cerr]Herr]NLi, 100 ng, was
added to a suspension of 95 ng of Clerr]H ejg]ZrC[err] in toluene at room
tenperature. After stirring for 3 hours the precipitate is rempved and the
sol ution concert}ERban #RS cEIReRdn €¥PRTS terinethylsilyhechloride .

Eesui tC i rl\llﬁ/R C(r]I ytstwéf eﬁd@d; sﬁ@ltaﬁie af@adti@ifj Mﬂﬁ’@lﬁrda§tlilﬁre{itefd5i‘|‘h%éﬂd
err - a e Cr all n reenent w

For mil at 1o as VO BHTSEES) TRReereiT) he e foFH £ We £  Effipved uhagr
(C[err]H[err]Pﬁ{&nuﬂﬂkiﬁ@ethé réﬁé&ﬁﬂ@rnemtracted with dichloro

(113 5.6 gl oyl OEaLbAES ks | bt NAE oL 56} L BEGLRER, 100 T, ves

added to a ‘suspensi on of uene t enper at ure.
After stirring ttﬂm€¢hEi§31YheZp3e€t@Wt@tEaPhemEhnwb@SBh@lehé B+MMRon-

concentrated angh cgyllggmtolﬂ%dermczseétgy’ 16 djLO#lI’&(ﬂlhgofﬁéH tb@

crystals were isolate and ‘dri ed_upder vacuum C—NNR
data as wel | asSAPREMRRrithesysBR1$iPreduct ¥ IF% e’ﬁa‘t‘%r%’&l hgx@nenand

ggae%rrenz h\Ml tE ltzﬁlf@f mu) ?tmmh?ti%]%f]ﬂelali\h['@élﬂn&ﬁéltx&&sré?dgg at

met hyl pho i tani richl or sojlution o ny
SRS o Bolchils R ESARIAT AR BRI RN A S S
was added 0.5 nteripetdtt¢camd thetsdlreertstwerenevappeatedref. TAEtenl ution
turned bright r regi h orated of
and the reﬁaan%€E€§§# Sf E*%a%eigﬁé %ﬂ;§15$i¥§&%§ Mﬁﬁgogﬁég whi | st
cooling to -40 {@ryﬂa\blbzama@édthewbﬁalm@ nngdla@tefrqmddbyhmao NVR
data of (3,4- Muhe¥Kdkd prakihe tA8)dbst Fear dohsbhsa bak([ es61atbar sk, ppm:

Lerr]p: dark-purple crystals.

NMR data of (2,3,4,5-PhqCqP)TiCl3 (CD2C12, o, ppm):
31p: 189.93. lu: 7.20-7.50(m).

2,5-D1phenyl-3,4—dimethylphospholyl'titaniumtri-
chloride, XXIV '

2, 5-Diphenyl-3, 4-dimethylphospholyl titaniumtrichloride
was synthesized by the reaction of TiClg with bis-(2,5-

diphenyl-3, 4-dimethylphospholyl)zirconium dichloride in

hexane/toluene at room temperature in a way essentially

similar tb the synthesis of XXI.

NMR data of (2,5-diphenyl-3,4-dimethylphospholyl)
titaniumtrichloride (CD2Cl2, & ppm): 3lp: 182.15 lm:
2.70 (s,6), 7.4 - 7.7 (m,10). _

2,5-Di-t-butylphospholyl titanium trichloride, XXV

- 2,5-Di-t-butylphospholyl titanium trichloride was
synthesized in a way essentially similar to XXIII,
except that 1—phenyl-2,5-di—t—butylphospholé was used as
the starting material.

(C4Me4gP) 2ZxrMe>, AXXVI
(C4MeqP) 2Z2xCl2, I, was dissolved in toluene and reacted
with 2 equivalents of MeLi dissolved in diethyl ether at



190.07. 1H: 1.81(s,3), 6.78(d,1,Jp-H=35.5Hz). 2, 3,4,

5- Tet ranet hyl phosphol yl titaniumtrichloride, XXI To a solution of 307 ny
of bis-(2,3,4,5-tetramet hyl phos- pholyl)zirconiumdichloride in 40 m of
hexane was added 1.5 ml 1M solution of TiCJ[err] in toluene at -78 C. The
yel | ow- orange sol uti ons darkended i mredi at glky-and was - 33 - allowed to
warmto roomtenperature. Subseﬂﬁfnthgﬁage solvents wer e eva orated and the

product extractT P with TRsdme dhg iMhbithe Fas Ripgture
remai ni ng sol i cchamyed m&dnecdm’h g drichaypedreria ege IowNMRhd NMR dat a of

2,3,4,5-Meferr rr, 2 212. 06.
(1H: 2. 47(s, g), ‘]z‘gé%( d"]t? q}i‘g %hi‘&e%) %%"Ip %ﬁ%‘% p'%g% e%?’%%%f?um :
trichloride, xmetureawaﬂlnennrxﬁuQﬂxedmpnd Uhé!&blxdqﬁmﬁm¢mm®§mhole in 30
m of tetrahydr of r
t enper at ur e. yAfcgectgst |m$| ng ?‘gc%one our th&fet;(%:fess oéﬂétﬁé%r#f\jvas renoved
and the sol uti (ﬁ@]\ml%od}hﬁj reswl fing |a0lid vame extracked orikh hexans.
equi val ent of AldddétitdatBsn aslachanth ednd r1 ﬁ\%&oé\ib ﬁ@rc@@pﬂi@r 30

m nutes. Subsequent | he sol ution S cool to - er 5 m"~ of
et byl ot ok S1Tdem Vel oIS b Lk CRRAT AZ AR EEE I 5ar o 1o
room tenperat urgdg e vol atiles were evaporated of and the renmai ning residue
chracterized. 31P- t % of resi due consi sted of

2. 5-di phenyl -t ri met ’@qw&p’%}g@p%‘yeég'(@ “NMR (CD{err]Q [err]): -38.53
ppm [ err] H NVRqmgD[ex M1k rwgds preperet Bimilax 7tC8(¢9m129und'HQ§VI esi du was
taken up in 30 J¢ Flﬁi@f‘ @‘{lﬂe Hfzde B M Niséd {04HE08. YRS
added at -78[errﬁé§ The reactiion mé%ugr))e vva%a'lﬂ'-o to?/varmtoroom

tempearture and+the sol vents were evaporated. The product was obtai ned by
extraction of (CsMes) (2, 5-Me2C4H2N) ZrClo, XXVIII

1.76 g (5.3 mMol) of (CsMes)ZrCl3 and 0.53 g (5.3 mMol)
of Li(2,5-(Me2C4H2N) were weighted into a Schlenkvessel.
The flask was cooled to -196 °C, 50 ml of toluene.was
added and the contents was slowly warmed up to room

temperature. After the mixture had been stirred for
18 hours at room temperature, a pale yellow suspension
had formed. The precipitate was allowed to settle and
the clear vellow solution was filtered. Concentration of
the filtrate and cooling to =20 °C produced pale-yellow
needles. Isolation afforded the title compound in 35%
yield. .

(CsMes) (2, 5-t-Bu2C4H2N) ZrCl2, XXIX
A similar procedure as described for (CsMes) (2,5-
Me2C4H2N) ZrClo, XXVIII, was applied. The reaction time
was 27 h at room temperature. Yield 21%.

(CsMes) (2, 5-Me2C4H2N) ZrMe2, XXX
1.8 ml of & 1.6 M solution of MeLi in diethyl ether was
slowly added to a stirred solution of 0.51 g (1.29 mMol)
of (CsMes) (2,5-Me2C4H2N) ZrCl2, XXVIII in 40 ml of
diethyl ether. The sblution was stirred for 4 h at room
temperature. The solvent was removed in vacuo and the



t.he residue with dichloromethane and recrystallization of the obtained
solids fromthe same solvent. NMR data of
(2,5-Ph[err]err]Herr]P)TiCl[err] (CDOerr]C[err], [err], ppm: [err]p:
¥60.79. [err]H 7.50-7.52(m6), 7.90-7.93(m4), 8.09- 8.10(d,2).
2,3,4,5-Tetraphenyl phosphol yl titaniumtri glgl eride, XXl To a sol ution of
100 ng of pentaphen Iphosphole i,n 25 . of thf was,added an excess of
lithiumfoil. /ﬁp '%t"farsfl F%%rﬁ’t%?%tﬁﬂee S%‘Fe :?‘%'O%r%ef:ﬁ Wexcess of
- 34 - Iithiumpnntanannu&htxnuxnas(ﬁon¢entrd@é¢|dqd ad bed dieo we30 aticed,
and the reacti ' [ S Qggt t he

vol atil es mereqﬂlnaégg' 3%%5§§355%§ &?gréﬁ%#%é#g&f #%% 2% %&t%

di chl oro nethaMﬁsiimuﬁﬁEnﬂﬂﬁlof t he sol vent aff orded trlnethyIS|Iy

2,3,4,5-tetraphenyl dc§M4 44T NM3oexx 23. 93 ppm [err] H NWR
-0 25(d 9), 7.0-7. n120 f’ Ius sonme_ immpuritjes. This ék duct was taken
up in hexane arﬁP G’#ﬁ%ﬁ?‘fﬁpc}?yﬁ @{%’I‘HerQ #Rs added

at -78 [err] C. décribédirforaET abkeust tifata(CRHS) ZX0IR twaPereplaceand the
sol vents were evqﬁﬁraégf ter extraction of the residue with

di chl or omet hané’ ?éi%ﬂ 3ation of the obtained product from

di chl oro- net hane/ higMe) B)hC sMess )rZadMecnXXKEL was i sol at ed as dar k- purple
crystals. NNR r ppm :
15993, [err] HOTBAE %&ﬁ v BRI TR AL [Bredeat 1 ds
titaniuntri- cmetﬁq@ebe m;ﬁmtst @.Eﬁ!ﬂw@ﬁdswgwmstead of
titaniuntrichl ofg de was synthesized by the reaction of Tid[err] with

bi s-(2,5- diphényl - (3(:‘5%4 )r’rzezt rglltprg)szp&%ﬂ))zz bEeCzo,m}g&ﬂIChl oride in

A similar procedure as given (CsMes) (2, 5-Me2C4H2N) ZrMe2,
XXX, was applied except that (CsMes) (2,5-t-
Bu2C4H2N) ZrCl2, XXIX, was used as the starting material.
The title compound was isolated as pale-orange crystals
in 29% yield. The NMR data of the orange material are in
line with its formulation as (CsMes) (2,5-t-
Bu2C4H2N) ZrMe>.
Example B. Syntheses of ionic catalyts compositions.

[ (CaMeqP) 22rMe*] [B11CH12-], XXXIV

(C4gMeyP) 2Z2rMe2, XXVI, (50 mg, 0.125 mMol) was
dissolved in toluene and reacted with [Bu3NH']([B11CH12-]
(41.5 mg, 0.125 Mol) at room temperature. An orange-
brown precipitate formed which was isolated by

centrifugation of the reaction mixture and decanting of
the mother liquor. The obtained precipitate was washed
once more with fresh toluene and thereafter dried under
vacuum. The resulting material was used as a catalyst in
olefin polymerizations. It is moderately well soluble in
bromobenzene and its lH-NMR in d°-bromobenzene shows
only traces of free Bu3N.

[ (C4Me4P) 2ZrMe™ ] [ (p-FCgH4) 4B71, XXXV
(C4MeqP) 2ZrMe2, XXVI (50 mg, 0.125 mMol) was dissolved



hexane/tol uene at roomtenperature in a way essentially simlar to the
synthesis of XXI. NWMR data of (2,5-diphenyl -3, 4-di net hyl phosphol yl)
titaniumrichloride (CD[err]C[err], [err] ppm: [err]p: 182.15 [err] H
2.70 (s,6), 7.4 - 7.7 (m10). 2,5-Di-t-butyl phospholyl titanium
trichloride, XXV 2,5-D -t-butyl phosphol yl- 37t aniumtrichlori de was

t hesi zed i [ al L 10, | t -
2 bhenyl -2, 5- di 7 SRR bR ot dadedh ek orPimiean ol FRBLCARA) o5
(CAMBAP) 2Zr Me2, (6408 MCANRAIZIZnMbD) at neomdtempenature. Bl vehdodnd
reacted with 2 ouuvel €0ts POrMES! witi SEOhYSdi 551884 Yy SEherifhgation3d -

-70 [err]C. During addition, of the MeLi the reaction ni_xture changed from
orange via gree?f t'eh§ Fe3nFi0R BLPFRES prRdt @SFRARLIRI nef. thet BPLBRE hour the

reaction m xt UrBiq@Sr £eThé | 6bEai Red apflet el 6ot e deas eWBYREd byndecadteng the
nmot her |iquor. After_evapo atlon of hehtolu e éhe resul.ting_solid was
extracted mﬁtrlka%n%Feggné% Rene | 3d of ?ﬁ%aﬁ€§5n riedeHndfg gﬁﬁggﬂuent
cool i ng af f or deYiighbd | was cqyah bl tabivé Cdabdi) 2Fr tke. sdlktidhad. 60%

err] Me[err] P r + + repar ed
s ar 1o comsREASu L HGReRR el FIEFREST L TRET P 2
11, was used irncesabtbig materbal | wascused(assanppbatystein]ellefinN) zrd 2,

XXVITT 1.76 g ( 12a0iohs] eit] Mol RoGdrAEEL [ O0El112861bP8 gn(5 3 M)
of Li(2,5-(M24H were weighted ipto a Schlegkvessel. The flask was

( t
cool ed to -196 PEPRPkenzeng  and %%@ugﬂéNMﬁslﬁdﬁeﬁbﬁﬂﬂ°?ﬂ%2€6ﬂt§h?§smas
slowmy warned upnlp tracesedperpésr BANMéSer the mi xture had been stirred

For [ (CaMe4P) (C5Hs) ZrMe*] [ (p-FCqHa) 4B™], XXXVI
(C4Me4P) (CsH5) ZrMeo2, XXVII, (42 mg, 0.125 mMol) was
dissolved in toluene/hexane (1/2) and reacted with
[PhNMe2H+][(p—FC5H4)4B'] (64.3 mg, 0.125 mMol) at room
temperature. A brown sticky compound formed immediatély.
This was treated with hexane to afford a yellow-green
solid which was isolated by centrifugation of the
reaction mixture and decanting of the mother liquor. The
obtained precipitate was washed twice with fresh hexane
and thereafter dried under vacuum. Yield was |
quantitative assuming the solid had composition
[ (C4MeqP) (CsHs) 2rMe’] [ (p~-FCgH4) 4B”]. The resulting
material was used as a catalyst in olefin
polymerizations.
Example C. Polymerisation experiments.
Exp. 1. '

Catalyst XXXIV, 0.125 mMol (starting from 50 mg
(C4Me4P) 2Z2rMe2, XXVI) was taken up in 5 ml of
bromobenzene and charged to a 25 ml autoclave. At a
temperature of 45 °C the autoclave was charged with
600 kPa propene and connected to an approximately 1.5 1.
supply vessel also charged with 600 kPa propene at
45 °C. Initial decrease in propene pressure were




18 hours at roomtenperature, a pale yellow suspension had forned. The
precipitate was allowed to settle and the clear yell ow sol ution was
filtered. Concentration of the filtrate and cooling to -20 [err] C produced
~pal e-yel |l ow needles. Isolation afforded the title conpound in 35%yield.

S (derr]Meferr])(2,5-t-Bu2C4AH2N) Zr d 2, XX¢X38 sim | ar procedure as descri bed

f Me 5- . Me Zr G
appl | od.  The  EEERRSF Y WEP TSP AEG AR BATG A0 SURH FSRL
(derr] Me[err] afzex Ma2CAR NiZnivess DOO60D &KBd. diherehﬁi:d\msaiumm e MeLi

o) of (L er (TSN 12 BeCregte o Sty thPrbaiegidne)

et her. The sol FeCeF Gsltfitrlrnéwh'fsdrYAHf‘%ﬁr r rﬁ}%r@aqqﬂé)%df%nt
was renoved i N g&phe cﬁ”d\ﬂaﬂ §sis -antd med R iy tQi@ra"lﬁ&QLéMé h pent ane.

The pal e-yell o ntane tjon wa nc trated,a coo] ed -30 [err] C.
The Vel & ow i o EoRESEES Shaisc: Bhat & 8 of arparis 1 cadpedhesnm -
(g err} Me[err] E)O?(zﬁeer wjﬂa\lmikewe]l?egrc?ﬂa[mrdﬂerﬁ%ﬁ a(.%)ratﬂa?:tw(ﬁrjrmqag ;pgr [ed b}/
a simlar procedure as i be or exce r r err
was repl acgd y(‘@[ésr eﬁ/éﬁg? lfrcﬂl[ae:r r"’] Eﬁ]l\/eqeoﬁ Igrl\ﬁh{)]
(derr]Me[err] EZpMNe2arr], XXXII C0an ex XXXI'l was prepared by a simlar

§ d of 1.
(e el o S B 0 A et et

procedure as giife WS ]t@llgqq; g & 1N e err ],
XXX, was appl i %o@d&%’é@izéﬂ%atar(@[&farﬂ &d ld A2 nfr tautoclave. At a

Bulerr](err] H[ter rp]el\lpa%ruclzfI ertr ]45 >98 thewe}:seaucsteodr avwsaé[ h%’xasl:tgaer ivp].gchnat erial.
600 kPa of propene and connected to an approximately
1.5 1. supply vessel also charged with 600 kPa propene
at 45 °C. During the reaction the pressure and the
decrease in pressure were recorded continuously. After
13 minutes the reaction was stopped. Analysis and
measuring of the autoclave contents showed the formation
of 0.5 ml of atactic propene polymers of low molecular -
weight, Mp= 180 (lH-NMR).

Exp 3.

' Catalyst XXXV, 0.125 mMol (prepared starting from
50 mg (C4Me4P)2ZrMe2, XXVI) was taken up in 1 ml of
toluene and subsequently 4 ml of toluene solution
containing 10% MAO were added. The solution was charged
to a 25 ml autoclave. At 45 °C 600 kPa of propene were
charged to the autoclave and connected to an
approximately 1.5 1. supply vessel also charged with
600 kPa propene at 45 °C Initial decrease in propene
pressure were corrected by repressurihg autoclave and
supply vessel after ca. 10 minutes to 600 kPa.
Thereafter, during the reaction the pressure and the
decrease in pressure were recorded continuously. After
52 minutes the reaction was stopped. Analysis and



The title conmpound was isol ated as pal e-orange crystals in 29%yvyield. The
NMR data of the orange material are in line with its fornulation as
(err]Me[err]) (2,5-t- Bu[err]Cerr]Herr]N) ZrMJerr]. Exanple B.

Synt heses of ionic catal yts conpositions.
[(C[err]Nb[err]P)[err]ZrNb[err]][B[err]CH[en;}f , XXXV

Lol uene and 1 cARCSHUIEN PBurhe FRFPEITE BRaFPRER shoyes the BoRgatinos

Mbl) at room tecmﬁe& anllref #bact hogeropenenpplemepst afelpwr medleshlak was
I sol ated by ce | atfyon phot r |on m xture and decanting of the
i q%%g&ggfg%ﬂed@§ Q?%Iﬁﬁ#e

not her | i quor. pre was washed once nore with fresh
toluene and thedé¥ft®r dried under vacuum The resulting material was used

as a catalyst in 0|§imfl£9|f{6f%ié%at30é§ceﬂ>é tﬁa@@ﬁé%@%&&ti‘@h'wé@' ubl e in
br onobenzene and its 1H-NVR in br onbbenzene shows on traces of free

Bu[err] N. [(CIe§??ﬂ%?%r???§fef?]?%REF%?r]¥}?bdF§I%1rTﬁ{é aftierr]Blerr]],

XXXV ( CAMe4P) 225 db@en PO/l yn&Ps NgE Doﬁ&ﬁoﬂé@hla!\/aﬁeﬂdfﬁﬁwl.‘{?ﬁ' 460- 37 - in

t ol uene and rea ﬁiﬁ%% h [PhNMe[err] H+][(p-FC err]H err])|err]Blerr]] (64.3
ng, 0.125 mwbl) tenperature. A yellow precipitate fornmed which was
i sol ated by cerBxpfugation of the reaction mixture and decanting of the

h I Th h
Tol ene and 1 hereSf%erde%@uﬁ%P'%%%c%@*f%@?@eﬁha%“%%%g%?a%& SUREE: g
the solid had CEﬁﬁﬁg tWwere charged with 3 bar of ethylene instead of
[(Cerr]Me[err]édd exra Z;Bﬁ%&&él]f&ﬁtﬁé&%ﬂiéerﬂxﬂféi]Jiroﬂhfnrﬁfelsﬁt g

mat erial was used as a catal in_olefin olynerlzatlons I S noderately

vel | sol ubl e i 3% MdberRERe g%ﬁ@ |%§t?€r}?kp¥mﬁi?ﬁ HT%rF?aﬁFbﬁBbEﬂ§ene
shows only tracsisopbeds eenspddicnird¢f the autoclave contents showed

[(GerriMelerr LA 2T ih & BAh&L MPLSET Yt 1 E8 VA AE! Bothba. ¥ ias
isolated by filtration, yield 1.15 g, with melting point
119 °cC.

Exp. 6.

Similar to Exp. 5 except that before ethylene was
charged 2 ml of styrene were added to the autoclave.
After 13 minutes the reaction was terminated and the
autoclave contents analyzed. 2.0 gr of solid products
and 0.5 ml of soluble products had formed which 1H-NMR
and 13c-nMR spectra showed the presence of both styrene
and ethylene. The solid product showed a melting point
of 108 °C. |
Exp. 7.

Catalyst XXXV, 160 mg, 0.25 mMol (prepared starting
from 100 mg (CqMeqP)2ZrMe2 according to the procedure
described above), was taken up in 6 ml of toluene and
4 ml of a toluene solution containing 10% MAO. To a

1 ltr autoclave, equipped with a magnetic stirring and
catalyst injection device, 180 ml toluene and 2 ml 10%
MAO in toluene were added. The contents were heated to
45 °C and pressurized with 600 kPa of propene under



derr]Melerr]P)(Cerr]Herr])zZrMel[err], XXVII, (42 ng, 0.125 n\bl) was

di ssol ved in toluene/ hexane (1/2) and reacted with

[PhNMe[err]H err]][(p-FC[err]H err])[err]Blerr]] (64.3 ng, 0.125 mvbl) at
room tenperature. A brown sticky conmpound fornmed i mediately. This was
treated with hexane to afford a yeIIOMangqg)splid whi ch was i sol ated by
centrifugation of the reaction m xture and decanting of the nother |iquor.
The obtai ned preenbpinieeswativnaingd After Wptminutes ReRhnefahbet hBReafter

driegéuPdg; vaoua sdi gt foMesn OHeMhehat i Be A3REEREA BE€aSPhedchARd1yst
co iti . . - .
[(g?err]N@[err]¥§1%$E+?TFE¥?F?TZ?%@[Ep?]}?%ﬁgtﬁ?%r§¥ﬁﬁémrv?ﬂ8[err]]. The
resulfin% ngtﬁr$ﬁb$@queusbﬁ asshedawatusloi;gobggfﬁfsn{ygﬁg@g@téaggg .
Example C. Po yggél £LL oD, LXPLL] nEs. p...1. aly.

tarting f b HEe) SRR 60 T aysecTakEn B FATEe R ThF
l(afoﬁtr)blazgengogmtzgyg’msygt?am%am uaedotd)a aimjedt the eEpEa&yatexm(VAHAo

Cth t i 0 an

appr oxi mtel y by ardSiDabEhg ! LiogRneRes beOBRRe (ds LEBRELhARUETY )
C. Initial decrfedetentheobeactoretaukeenecthe presggre abr 80t kBapy

repressuring aukpeéRvee aninstes| Yhyepestt fbhewasatetfinhPEECSAHR]§8PskPa.
Thereafter, durlﬁgFthe reaction t ecrease |g pressure
t

e pressure_and the d
were recorded c® %%oﬁ%??t°¥ﬁ?%?gﬁpgsh%ﬁ?ge?hgh?eEEFmﬁﬁlRﬁs°§t fpgy. of
Anal ysi s and neasactbg ptopére apdbghmayecofobdpwnislebaled wbdghe, nMpef

organic liquid been d which were characterized as atactic propene
pol ymer s .of Iomﬁﬁg eiﬁ#aﬁﬁﬁg?ght, Vh= 120 (1H-NWR). Exp. 2. Catal yst XXXV,

0.125 mwol (prefpped8starting from

Similar to Exp. 6 except that 600 kPa of propene
were charged to the autoclave in stead of 300 kPa
ethene. After 20 minutes the reaction was terminated and
the reactor contents analysed. The reaction afforded
6 ml of product which appeared to be a copolymer of
propene and styrene, Mpn= 750 (1H-NMR, 13C—NMR).

Exp. 9.

Catalyst XXXV, 0.025 mMol (starting from 10 mg
(C4MeyP) 2ZrMe2, XXVI) were taken up in 0.5 ml of
bromobenzene in a glass minireactor. To the reactor were
added 0.1 ml of hexene-l1l at room temperature. Within
2 minutes complete conversion of hexene-1 was observed
with concomitant formation of poly{(hexene-1) of low
molecular weight, Mp = 170 (lH-NMR).

Exp. 10.

Catalyst XXXV in combination with MAO, similar to
Exp. 3, was dissolved in 40 ml of toluene in a glass
Schlenk vessel and 20 ml hexene-1. After 60 hours at
room temperature evaporation of the reaction volatiles
5 g of oligomeric poly-hexene-l1 was recovered, Mp= 650
(l-NMR) .



50 ng (CAMe4P) 2Zr Me2, XXVI) was taken up in 5 m of bronobenzene and
charged to a 25 m autoclave. At a tenperature of 45 [err]C the reactor was
charged with 600 kPa of propene and connected to an approximtely 1.5 |.
supply vessel also charged with 600 kPa propene at 45 [err]C. During the
reaction the pressure and the decrease in priessure were recorded

conti nuously. m nutes the reaction was stopped. Analysis and
measuri ng of tAE§ }ﬁ ave contents showed the formation of 0.5 m of

atactic propene pol&nkritofanbochavecisee Bepgh?) unntasﬁlngezaprmuwat Exp
3. Catal yst ny%&l@eﬂ35 ﬁ?bh ' Eaéeﬂoigéﬁé'§81££9 ﬁgﬁFQ$§¥ﬁ§Ph8§rsz

XXVI) was taken u uene and sub sequen | uene
sol uti on cont ai ¥i¢dg E@%@ﬁh@?ﬁﬁﬁewhﬁheaooTKEaséfuﬁFbﬁnﬂaétcHérg§d t 8hg 25 ni

aut ocl ave. At 4§yéeém]&h§091k6ﬁeaft@reeseﬁ é@ﬁ@l&beiﬁﬁdwhelbheheutOclave
and connected to an a grox SO cha&ged W th

600 kPa propenePhESI¥TEVRF %t?élggéckéas SKHSEHB ngpréggﬁ N&er e
corrected by regpupskyrwag ahubcbﬁvendndcaua@PyzZBGSQL afjerocel aMolinutes

to 600 kPa. The dyy i n the_pressure,and. the decrease
in pressure mer%fgéég§ %df%oggl é Signgrw%E n? ngt?hgh?eaction was
st opped. Anal ysagteptave bY3meanaEa§uthagcetalhstamnmethmencsyséams showed

the formation ofegepl 7%11%@5&'Eh@rf?é’EEElBgl%5§r§t8{:géawa | ggpbar wei ght,

Mh= 690 (1H N %e . Simlar exce e reaction was
st opped after & %?%%?e%f Q*EP%SSeﬁhyb¢nﬁtaEP?caBFGEéﬂ890F9H§ﬁ§t§f | ow

ol ecul ar wei ghisoMeéd] = 46@rams of a white powder, which was found to
be polyethylene (m.p. 115.5 °C), were obtained.
Exp. 12.

Similar to Exp. 11 except that (C4Me4P) (CsH5)ZrClz,
II, was used as catalyst precursor instead of
(C4MeyP) 2Z2rClo, I, and the reaction was run at 60 °C.
After 4 minutes the reaction afforded 4.1 g of
polyethylene.

Exp. 13.

Similar to Exp. 11 except that the catalyst
precursor was [W(CO)4(C4MeqP)2]2rCl2, V, the olefin feed
was 600 kPa of propene, and the reaction temperature was
50 °C. Atactic propene polymer were recovered from the
reaction mixture (Mp=3.000, activity is 10.000 mMol
propene/ mMol "Zr"/ hr).

Exp. 14.

Similar to Exp. 3 but instead of MAO, i-BugAlgO3 was
added (same ratio of Zr:Al in both cases). The reaction
afforded after 4 hours 1.5 ml of propene oligomers (Mp
not determined).

Exp. 15. :

- Similar to Exp. 7 but instead of catalyst XXXV
catalyst XXXVI (0.25 mMol prepared from 85 mg
(C4Me4qP) (C5H5) ZrMe2, XXVII, and 128 mg of borate) was



-[err]HHNWVR).  Exp. 5. Simlar to Exp. 3 except that the reactor and supply
vessel were charged with 3 bar of ethylene instead of 600 kPa propene.
Furthernore, initial drop in pressure was not corrected. After 15 minutes
the reaction was stopped. Inspection of the autoclave contents showed that
a white powder, polyethyl ene, had forned;_lb was isolated by filtration,
yield 1.15 g, with nelting point 119 [err]C” Exp. 6. Simlar to Exp. 5
except that befusedetAfitene? vasursaleg 2tattdE sropene okigomddedaso the

aut ocl ave. Aft ' ed .0 term nated and the autocl ave
ef%ﬂr??%&r‘ov@géﬁgnpéf. w&f‘%ﬁt Sf\\8go !

contents anal yzed. sol1d products and 0.5 m of sol uble products
had formed whi dEXRHMER and 13C NMVR spectra showed the presence of both

[styr]ege g(ld et7hyl e{mi1T{~@r5&¢t&ip%@élucé%§2hm§5 rﬁ%b?) n@éﬁf&ﬂngﬂdj?ﬁogfmiofgf.
err]C p. 7. al ys ng, O. repared Starting from
100 nyg (CAN@4F§@éf“%@gd@@gﬁgxﬁd“foofh% E?%E%H%r§°g£§%$Pbe9°%BB%B}? was
taken up in I6 M 0®»TMAD] ueas emlrée?wnf:rﬁaaoolhpaeoSObnbpeﬁecaﬁt gsnf’ogl 10%
MO To a 1l ltr t , ui ppe i a netic,sfitring a tal yst
I njection deviég%gfggéﬁgﬁt%gge%gfgﬁ 2£ﬂ1r3690Nﬁ@?%%l?ﬁ}ﬂﬁnghﬁg?eggaded.
The contents wpressuredwas Kepfeat]OankPar eSshseqeentdyh 62p5SkPa of

pr opene under 5 { Di SH1 AL I Af t L Jut £S t he
10% MAO solutidﬁh?%éﬁ%?bgﬁgéi ?gfﬁh-%a?édﬂ@?g'théiﬁégé ygtiﬁn}écﬁyoﬁgsystem
and the injectienlugReenwors %@%%@qt@nth? aptpclavethy 1means oL Eheh

toluene. Both catalyst injection system. After 14 minutes the reaction
was stopped by release of excess propylene. The
autoclave contents were isolated and weighed. Comparison
of the weight of the reactor contents before and after
the polymerization reaction showed the formation of 38 g
of product which is an atactic propene polymer (with
molecular weight >50.000). '
Exp. 17. : :

Similar to Exp. 16 except that (2,5-Ph2C4H2P)22rCl2,
VI, was replaced with an equimolar amount of (2,5-
Ph2C4H2P) (C5H5) ZrCl2, VII. Reaction time was 30 minutes
and yield 31 g of atactic propene polymér of molecular
weight 1700.

Exp. 18.

In a 25 ml autoclave (C4Me4qP)2ZrClo, I, 0.01 mMol,
was dissolved in 10 ml of toluene. To this solution MAO-
on-Si02 (purchased from Witco, containing 17% Al) were
added and this mixture stirred for 5 minutes by means of
a magnetic stirring bar. During this time the solution
discolourized and the heterogeneous phase became dark
yellow. Subsequently the autoclave was pressurized with
600 kPa of propene and warmed to 45 °C. After 48 minutes
the reaction was terminated by releasing the propene
pressure. The reaction conténts were treated with a
small amount of water, filtrated to remove the solids,



f.raction were added to the autoclave. Hereafter the catal yst system was
used to inject the catal yst XXXV/ MAO m xture. During the experinents
propene was continuously fed to the reactor to keep the pressure at 600
kKPa. After 26 mnutes the reaction was term nated. Analysis of the reactor
contents showed the formation of 54 gr of dBaetic propene polyner of |ow

nol ecul ar wei ghy.,: M= r] Wl ept
that 600 kPa OF& ?p%%e%‘é%i%i%’arﬁ%@e t‘.f?éf%%%)%ﬁsa%iﬁleé %g%ggfg%%gk Pa
et hene. After 20ieddutdeterpineddy oreighinerreacten contents reetore

t ent I It | f for ' | eared to
contents anal ysi aifteer 8acd 1oy ?,ﬂ%éf@ﬁoﬂ&&%ll\)‘gﬁéfmﬁw

be a copol yner of_ propene and styrene 750, ([err] err] G NWR) .
Exp. 9. Catal yS© an) eiahi At (@10 (dekermingd ¥y P) 2Zr Me2,

XXVI) were takax 19, 0.5 m of bronpbenzene in a glass mnireactor. To
the reactor were adde ne-1 erat ure 2

0.1.m of h t Jr.oomtenp Wi hin
m nutes conplete c ?%ntoonWeX%-%%%é‘t ott}%"’b vtetbe vﬁwp%?ﬁ:%%gn?f
formati on of pdX Fekeres Wemlfadeny wittleconarcowtaining/i24. 4 781 ( [¥ieldt NVR) .
Exp. 10. Catal ysfe 2PV 4 [ ' j t %fg} L | 3, was
di ssol ved in 40§frﬁ of t%%é.%@iﬁd%?sa\g§ %c I en??é\/rggssﬁélgﬁﬁfm hexene- 1.
After 60 hours Rele@bkar sfpighlt 310 evaporation of the reaction volatiles 5
g of oligoneri @@I yvdexene-1 was recovered, Merr]= 650 ([err] HNWR). -

4l - Bxp. 1L n a L%Lt O].Ct'lravaeu osceleavEeXp1'207)m1C Oon% 6El.orﬁl.l.{]égnez Ogonnti:a:i(.)r];ing
(C4MeyqP) 2Z2rCl2, I, 0.02 mMol, and 1.12 g of MAO-on-Si02
were introduced under vacuum by means of a syringe. The
syringe was rinsed with another 100 ml of toluene which
were also introduced in the reactor. Subsequently the
reactor was pressurized with 600 kPa of propene and
heated to 45 °C. After 2 hours and 40 minutes the
reaction was terminated by release of the propene
pressure and the product worked up by filtration and
evaporating of the wvolatiles under vacuum. Yield 5,6 g
of polypropylene with a molecular weight of 1470.

Exp. 21.

In a 25 ml autoclave catalyst XXXV, 0.125 mMol, was
stirred in 10 ml of toluene with MAO-on-SiO2 (24.5% Al),
2.8 g (Zr:Al1=1:200). The autoclave was charged with
600 kPa of propene and heated till 45 °C. After
26 minutes the reaction was stopped and the product
isolated. Yield: 2,2 g of polypropylene with molecular
weight 350.

Exp. 22.

Similar to Exp. 20 except that (C4Mey4P)2ZrCl2, I,
was replaced with catalyst XXXV, 0.25 mMol and 1.38 g of
MAO-on-Si02 (24.5% Al) (Zr:Al = 1:50) was used. After
1 hour and 5 minutes work up of the reactor contents
afforded 13.25 g of polypropylenes with molecular weight



t.ol uene and 4 m of a toluene solution containing 10% MAO, was charged with
300 Kpa of ethene at 45 [err]C. The systemwas allowed to reach equilibrium
whil'e the pressure was kept at 300 kPa. Subsequently, ethylene supply was
shut of and (C4Me4P)2zrcd 2, 1, 0.01 mwl, dissolved in 10 m of tol uene
were added to the autoclave by neans of thedfatalyst I nj ection system

After 7 mnutes the reaction was stopped and after release of excess

et hyl ene, the a660¢cl ave contents isolated. 4 Gans of a white powder, which

was found to begpgl ygghyl ene (mp. 115.5 [err]C), were obtained. Exp. 12.
Smlwt05<—%;ﬂw§thm err]Me[err] aqdewyﬂd [err], I,

was used as catalys?lﬁ% EHrEBrE¥HstéﬁdeﬁFePEIE%PFNéFé 1P R FFPZPCEEerr]

|, and the reacyh8nrepsatsd *ith0 (Bearkeprcafiben 22rt!11@ylt QS:IT.hAflté&CBISOﬂ
afforded 4.1 g of exc%%t t hat the

ol ver oo BipBled bt eB Ry, PE Ene FeRclirR] BIREAFE: YRS FEAPPed, o o

ol efin feed wasablOwkPheobopldpete, sehdléheAfeectseﬂtﬂéngeoit&he wod 196
C. Atactic, ture
(M etri=3. 000,  SBF; irgr, SoYBELaH Rsl G5PARERE, ahdohoRgelraR,) Mag ™ 1)
Simlar to Exp.a8foudednStdad of MrOpeheBolégoherewd ) mﬁpcm&sradded
(same-ratio of gojfhyi §shot ‘??%ﬁésﬁh &hgoti gast yaeﬁgéﬁe@gﬁagaf &FJ 1‘6 Hﬁ“rs

1.5 m of propene | gomer s e term ned
but instead of ©&t ﬁp}gﬁnxxmdc5¥1ar5y§tlsmw<>poag§1mvsp<p9fse§aﬂ:@d GppoﬂﬁP rrg

(Cerr]Me[err] PbECGhespbhbker AFLérMeBenihut&SVEimiane #3Ekmupobibenat e) was
reaction mixture as described for the first
polymerization afforded 0.4 g of propene oligomers with
molecular weight 550. Treating the solids for the third
time with with propene as described herefor and complete
work up of the reaction contents after 25 minutes
afforded 0.6 g of propene oligomers with molecular
weight of 1300.

Exp. 24.

In a 1 1ltr. autoclave toluene was introduced
containing 5 mMol of MAO. The reactor was charged with
100 kPa of ethylene and warmed till 45 °C. After
equilibration of the system, (3,4-Me2C4H2P)2ZrCl2, III,
0.01 mMol, dissolved in toluene was introduced in the
reactor by means of a catalyst injection system. Total
amount of toluene is 220 ml. After 5 minutes the
reaction was stopped and produced polyethylene recovered
by filtration of the reactor contents. Yield 1.9 g.

Exp. 25.

Similar to Exp. 24 except that (3,4-Me2C4H2P)2ZrCl2,
III, was replaced with (3,4-Me2C4H2P) (CsH5)ZrCl2, IV.
The reaction afforded 6.1 g. of polyethylene.

Exp. 26. _

To a 1 1 autoclave containing 240 ml of toluene

containing 10 mMol of MAO under 580 kPa of propene at

7



- 42 - used. After 2 hours 12 g atactic propene oligonmer was fornmed with
nol . weight of 380. Exp. 16. A 1 |tr autoclave (see Exp. 7) containing 200
m of toluene and 3,5 nl of a toluene solution containing 10% MAO, was
charged with 600 kPa of propene at 45 [err]C. The systemwas allowed to
reach equilibriumwhile the pressure mas-kemﬁ-ai 600 kPa. Subsequently,

(2, 5- Ph[err]C[ rJ [err]P)[err dissolved in 10
m of tol uene, é+ %P?ﬂ e%ﬁiéé?g.%f 9°%%%%% %ﬁn%%bn%%?alyst

i nj ection systémOZHmmnlJﬂﬁrdmnm@wﬂsY&CsﬁﬁmZIQMQMHSIEIoﬁPEdmaqnsebéa&e of
excess propyle %ﬂff ﬁ 'Sfé@%e re£5z m. "Phé féQ%@#.SH #ad E‘@ ﬂi‘ﬁgtﬁd

Conpari son of t contents ore and ter
pol yneri zati on biéa‘é@fllt)wgh%%\fé‘%}% @@Bﬁi%tﬁi@% @ﬁbegqge@thﬁr‘éhecprqﬁu@h is an

?t ag( ic % Opeané)lt%é?Ia(&éﬁt I@ﬂ%ﬁé%@ﬂ&?h&p TAE. VISI m | ar
0 p. exc a err r r err was
repl aced mﬁtrleékiﬁﬁ&%%l%fg%ﬁﬁéﬁ FE°59L§%Q%2%Q£§ % legpjar
Re?ctiﬁn time W@él@@tn>n®t@60aaWdY$R¢ﬂe6ﬁ?gt@fn@?ettnumbébpene pol ymer of
nol ecul ar wei g 0 . Ina 25 aut ocl ave

(err]Me[err] %?@r%g@?#% [, 0.01 mwbl, was dissolved in 10 m of
tol uene. To thiExEolm?ion NM() on SiJerr] (purchased fromWtco,
containing 17%Al) et {1“éxgéé$:%ﬁ%€ttérﬁﬂpﬁg?4§2§)92£€§2

means of a nagnetlc stlrrln bar
di scol ouri zed éﬁBlt%@sh%@E#%@%@é%h%hpﬁ%s%q%éﬁﬂkérdQ@RUQElPgmﬂzsﬁbgﬁauentIy
the autocl ave V\@§4m@§@w2zmlwtmm@e&£’m@ﬁ @m@eﬁasaad M@ﬁﬁﬁdsténé5
[err]C. After 48, u%es tE ﬁgac Ton_was_ter natedogz Iga ngw
pr opene pressur%lnL%e r@altid EB%?eB?%pﬁE?ep P+ ¥9Ed g g ﬁﬁgﬁﬁt of
water, filtrate4500 Termoeet heumbérds,33.000 mol/mol h.
Exp. 28.
Similar to Exp. 16 except that (2,5-Ph2C4H2P)2ZrCl2,
VI, was replaced with an equimolar amount of
(Ph4C4P)2Z2rCl2, XI. Reaction time was 30 minutes and the
reaction yielded only traces of propene polymer which
was not further analyzed.
Exp. 29.
Similar to Exp. 16 except that (2,5-Ph2C4H2P)22ZrCl2,
VI, was replaced with an equimolar amount of (2, 5-Ph2-
3,4-Me2C4P) 22rCl2, X. Reaction time was 10 minutes and
yield 12,5 g of atactic propene polymer of molecular
weight 20.000. Turnover number = 180.000 mol/mol.h.
Exp.30.
Similar to Exp. 16 except that (2,5-Ph2C4H2P)22rCl2,
VI, was replaced with an equimolar amount of (2-Me-5-
PhC4H2P) 2ZrCl2, XII. Reaction time was 26 minutes and
yield 38 g of atactic propene polymer of molecular
weight 6.700. Turnover number = 200.000 mol/mol.h.
Exp. 31. |
Similar to Exp. 16 except that (2,5-Ph2C4H2P)2ZrCl2,
VI, was replaced with an equimolar amount of (2-(3,5-t-



; 43 - dried over MgSO4, and the vol atiles renoved under vacuo. Yield
(determ ned by wei ghing reactor contents before and after reaction) 2,7 ¢
of a propene polynmer with nol ecul ar weight of 610 (determ ned by 1H NWR).
£xp. 19. Simlar to Exp. 18 except that the supported MAO of 17% Al was
replaced with one containing 24. % Al . Yielglgatter 1 hour 25 mnutes 2.6 ¢

T Cof Lol uche. BBACATEMEG eI ETRAFars 227 Clg o K1k Reheipr 13 S 120

MAC-on-Si &2 webs mtltnuﬂéuscachduryderldvé@umnoliy ateatd coprapeps rp@elymﬁre OEfyI‘I nge
vas rinsed Wt RAROLNSE 1Y, of. o0 VERE YR iikRaAlo0 Tty oduced Tn the
he t o

reactor. Subseq ent or was pressurized wth 600 kPa of propene
and heated to 450[@ﬂp]@oldmpdrh2 hours and 40 n1nutes the reaction was

term nated by ggleage of the propene pressure and the product worked up by
filtration and-egﬁpur*nlng of the volatiles under va Yi of
pol ypropyl ene wi t h Simddpeac Feak*Rei dift eaqcem;?é:ha%(p& %1'%2&4&52’3 % 13,
aut ocl ave cat akpst wa¥Xteflabzd Wilth ataeditimoled iamcithtniodf tol uene with
MAC- on- S|C{err 24. 5% Al 8 Zr, Al ar ged
with 600 kPa off Mé %&%a&itﬁﬁac O[%err Q%f%l%d)%%\r%&n%%@he
reaction was stydpled landy tdfe airaarhict pmﬂe{teadbolmm oD moleaslar

pol ypr opyl ene VBGI@O Jnte 18X, 20 except
that (Clerr] Me erlr?ﬁhg) er r']@y GW% ) nwas rrepl aceddﬂvm Eﬁf}o c}a}ttlal yst XXXV,
0.25 mwl and

Slmllar to Exp. 16 except that (2,5-Ph2C4H2P)22rCl2,
VI, was replaced with an equimolar amount of (2,5-n-
Pr2C4H2P) 22rCl2, XV. Reaction time was 10 minutes and
yield 1,2 g of atactic propene polymer of molecular
weight 1.600. Turnover number = 17.500 mol/mol.h.
Exp. 34.

Similar to Exp. 16 except that (2,5-Ph2C4H2P)22rCl2,
VI, was replaced with an equimolar amount of (3,4-
Me2C4H2P) 2ZxrCl2, III. Reaction time was 15 minutes and
the reaction yielded only traces of propene polymer
which was not further analyzed.
Exp. 35

Similar to Exp. 16 except that (2,5-Ph2C4H2P)2ZrCl2,
VI, was replaced with an equimolar amount of (2,5-t-
Bu2C4H2P) (CsHs) ZrCl2, XVI. Reaction time was 45 minutes
and the reaction yielded 9.5 g atactic propene oligomers
of molecular weight 1.400. Turnover number =
17.000 mol/mol.h.
Exp. 36.

Similar to Exp. 16 except that (2,5-Ph2C4H2P)2ZrCl2,
VI, was replaced with an equimolar amount of (2,5-c-
Pe2C4H2P) 22rCl2, XVII. Reaction time was 10 minutes and
the reaction yielded 17.5 g of atactic propene polymer
of molecular weight 1.500. Turnover number =



MAG-on-Si err] (24.5%Al) (Zr:Al = 1:50) was used. After—T hour and 5
m nutes work up of the reactor contents af forded 13. 25 lgghedaghsmé laeqdes

wi th nol ecul ar wei ght - 44 - 660. Exp. 23. Simlar to
that (CJerr]Me[err]P)[err]zZrC[err], |, was repl aced V\ntm !‘M
(3, 4- NE[err]C[err]H[err]P)[err]ZrCI[err].,. hyl- After 35 |rr|ng of
the reaction mxture was stopped to allow the solids to settle. After

settling of t hé5801008s Modd™Alef- sol uti on was decanted and wor ked up. This
afforded 0.7 gE® peqpene ol i gorrers wi th nol ecul ar wei ght 550. The settl ed

sol i ds were suSpende ol ue and t ensi agai n_exposed
to 600 kPa of prop Re2 ﬁ\f g"grr cﬁr&tvgsq?ionf“l a m"\?% 0(“%3 I on

mI xture as deﬁdﬂl, |I5ed’h1’2@r4Ht2rPe) ZIZII‘ICQ.Q,pMjimQ’ iOﬂamMi,afa&mt de.}ng) gt af mm-&opene
oligoners wit e time
with with pr opeg a(?c\ré%gl%%teher efoor énl?ﬁ:tag‘ﬂ\%% 17% c??lht r‘{}e&r eaction
contents after 124$r@dhlme& undest (Y@@U@l%bgf @teq&sOM@ @qu&ﬁ,ﬁr-s Thea h

mol ecul ar wei glatrQhg 353%3 @S.I?xse@wﬂt‘h anbther 1049 a0l ¥ tahidne

i ntroduced containin 5 of MAO.. The reactor was har ged W|th 100 kPa
of ethyl ene an¥Sk&r |llnltr4’51“[°@rdr e the seastan . SegheRtlhéhg st em
(3, 4-Me[err] ( eealctodr Wad) priesstrGidedy Iw]LtH 1600 (kP&'L dﬂvwroptwdnwd in

t ol uene was in&%%%%%FgPlkﬁrﬁ;f tar means, of_,a cat al i.n ection
system Tot al e 352(5l & télemrrﬁﬁ %3’ eaction was
st opped and prd:@mﬁnha;t@l@/éimwedmasee@fvdﬂmdmp‘enet peteissuns artk theact or
contents. Yield L& wotked¥p by filtration and evaporating of the
volatiles under vacuum. Yield 14,5 g of polypropylene
with a molecular weight of 4.600. Turnover number =
43.000 mol/mol.h.
Exp. 38.
Similar to Exp. 18 except that (C4Me4qP)2ZrCl2, I,
was replaced with (C4Me4qP) (C5H5)ZrCl2, II. After
27 minutes 2,4 g of atactic propene polymer with
molecular weight 470 were formed. Turnover number =
12.400 mol/mol.h.
Exp. 39.
Similar to Exp. 18 except that (C4Me4P)2ZrCl2, I,
was replaced with (3,4-Me2C4H2P) (Cs5H5)ZrCl2, IV. After
45 minutes the yield of the reaction was 1,1 g of
polypropylene. Turnoﬁer number = 3.500 mol/mol.h.
Exp. 40.
Similar to Exp. 16 except that propene was replaced
with 300 kPa of ethylene. The reaction time was
5 minutes and the yield 7,2 g of polyethylene. Turnover
number = 310.000.
Exp. 41. |
Similar to Exp. 16 except that (2,5-Ph2C4H2)2ZrCl2,
Vi, was replaced with (Me4C4P)22ZrCl2, I, After one hour
the reaction afforded only traces of polypropylene which
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Simlar to Exp. 24 except that (3,4-Me[err]CJerr]Herr]P)[err]Zrd[err],
11, was replaced with (3,4-Me[err](err]Herr]P)(Cerr]Herr])zZrdJerr],
V. The reaction afforded 6.1 g. of polyethylene. Exp. 26. Toa 11

aut ocl ave containing 240 m of toluene containing 10 mwl of MAO under 580
kPa of propene at - 45 - 40 [err]C, wereggcharged 10 ml of toluene
cont ai ni ng 0. 02 nivbl_,of 4CAAs) Herr])zrdferr], VIII, by nmeans of
a catal yst inj&@&S &?tsfﬁggrﬂccéﬁfé'%i %ﬂ%ﬁas term nated by venting excess
propene and sultspguéent |y the product was isolated by evaporating of the

vol atiles. The reag f r%&% at,act Y,

wei ght >10. 000 and st,*h“ ?é:%tu ovel?SC éx‘%n;ne(g)q4 %8’8"8:0% Wéﬁiw

Simlar to Exp¥is eaa@emenlrmeck mlﬁtlpre[nererqlomquwaémqm; [afr]zrc[err], VI,

was replaced wiq ”th?l'.fIl(2I§é'é°él2:'.on time was
3, 4- Nb[err]C[err [err Zr [er X"Reattron time was 30 m nutes and
yield 7 g of a HQQﬁ) %nﬁﬁaQﬁlqRMX&QAQdemﬁkﬂﬁ o Btagkiver

number = 33. 00G il ﬂyﬂﬁrdhcﬂﬁd) rtper® Pd1md0 FK fno L e fle 1 dtett
Caui ol ar . amourt SOoe, @#ﬁo%ré“ e 14 890 g TG0 i i es and
the reaction y@@gygggyny traces of propene polyner whi ch was not further
?gagyéﬁﬁer Irzi(?:[ er2£r9] er r]]a%)r [err er ?igé‘i{]ﬂl ﬁzépﬁ &fﬁ%ﬁr’ gaZrClz,
equi mol ar amuML.oWa Eriare Wﬂ- mpgmlzar )@mCRt!‘éth%n time was 10
m nutes and vyi erlcmﬁbgir)@g_zefu? QK. mm%rp%wrwﬁ 60 el Bds Vi@t
20. 000. Turnove he reégfien yléide 8 §“§ of atactic, highly branched
propene polymer of molecular weight 3.000. Turnover
number = 20.000 mol/mol.h.
Exp 44.
Similar to Exp. 16 except that (2,5-Ph2C4H2P)2ZrCl2,
VI, was replaced with an equimolar amount of (2,5-i-
Pr2C4H2P) 22rCla, XVIIA. Reaction time was 30 minutes and
the reaction yielded 17.0 g of atactic propene oligomers
with molecular weight 1.400. Turnover number = 79.000.
A summary of the above polymerization experiments is
given in Table 1.
Exp. 45-50.
Copolymerisations of ethylene with octene-1
catalyzed by (2,5-Ph2C4H2P)2ZrCl2, VI. |
'~ The polymerization reactions were performed
~according to the following procedure:

Toluene and octene were introduced in a 11
autoclave and to the mixture 5.0 mmol of MAOC dissolved
in toluene was added. Subsequently the mixture was
heated to the reaction temperature while ethylene was
supplied at constant pressure. After equilibration
0.01 mmol of catalyst precursor (2,5-Ph2C4H2P)2ZrCl2,
VI, was added to the reactor contents by means of a



Exp.30. Simlar to Exp. 16 except that
(2,5-Phl[err]Cl[err]Herr]P)[err]ZrC[err], VI, was replaced with an

equi nol ar anmount of (2-Me-5- PhCAH2P)2ZrCl 2, XllI. Reaction tinme was 26

M nutes and yield 38 g of atactic propene pol ymer .of nol ecul ar wei ght

6. 700. Turnover nunber = 200.000 nol/nmol . _h.,FExp. 31. Simlar to Exp. 16
except that (2,5-Ph[err]([err]Herr]P)[err]ZrC[err], VI, was replaced with
an equi nol ar amsatalyst (njecbion devide. During polymerization

Bulerr] - 4- OVBCl@tiy 1446 s Sobbl £ea] th ha LA 28 T it QELGLha1 Xphbsstieact | On
time was 55 mnutes and yield g of atactic propene poflyner _nmolecul ar
wei ght 7.500. TFEbRK cFeaehier the xeapbion| somtents pere spoured; iakot o Exp.

16 except that rietbaid] origéleed HheredmbtefugLefdbheratied! atwpg Pepl aced
wi th an equi nol ar,amount of ( eré%%#err F%&%err%Zeré rr], XlV. Reaction
time was 30 m HREE AfREYNRY W99 ARG R PT bPEHR %m r of mol ecul ar
wei ght >50. 000.pdlymeriza i eexpe 7{iné0s nahd nohe hre&upioRpatametarst o

Exp. 16 except éﬁtré%f%é:h%%%&g#ﬂglir%&P,Mg{é]grCI [err], VI, was

replaced wi th an equi _
Prlerr]CH err] B r3r€i1$@rr], XV. Reaction tinme was 10 nminutes and yield

1,2 g of atactic prg;cégfgn ' 1. 600. Turnover nunber
= 17.500 nol / nol . h. p. %%aiglﬂn?ﬁazré% Uépﬁ;ei e%lg%s[)t. t hat
(2,5-Ph[err] d err] a8 ri8¢eions were per iomedaceeifire dtqi e an
equi nol ar amounto Xfowihd-pIECEdEd) W1 é4 2, stated ReBleéiwisét e vas _15h
mautes and the ;gglgc;[ '%‘gpafi\grgi’&? SP'Y. 61 36881 % PERESNS P ¥IEL 5 Vi, o Vs

5 ml of toluene was added 5.00 mmol of MAO (3.35 ml,

10%w Al in toluene) at room temperature. This solution

was warmed to 60 °C and after stirring for 10 minutes
5 ml of cold purified styrene was added. The
polymerization was terminated by pouring the reaction
into a 5% HCl/methanol solution. The precipitate was
isolated by centrifugation, washed with methanol and
dried in wvacuo to a constant Weight. The products were
characterized as syndiotactic polystyrenes on the basis
of NMR and melting point.

The results, including the melting temperatures of
the products, are listed in Table 3.
Example D. Oligomerisation and co-oligomerisation
experiments.

Exp. 57 - 61, Oligomerisation of ethylene.

The heterocyclopentadienyl zirconium complexes used
in these five experiments were: XXVI, XXXII, XXVII, XXX
and XXXIII, respectively.

In all five experiments a 500 ml autoclave was
charged with 90 ml of toluene, containing 0.05 mmol of
[Bu3zNH*] [B11CH12”]1. The reactor contents was heated to
90 °C and subsequently pressurized with 1000 kPa of
ethylene. Hereafter, the heterocyclopentadienyl



Simlar to Exp. 16 except that (2,5-Ph[err](Jerr]Herr]P)[err]Zrdc[err],

VI, was replaced with an equi nol ar anount of (2,5-t-
Bu[err]([err]Herr]P)(Cerr]Herr])ZrC[err], XVI. Reaction tinme was 45

fni nutes and the reaction yielded 9.5 g atactic propene oligoners of

nmol ecul ar wei ght 1 400. Tur nover nunber = %8.6800 nol/nol.h. Exp. 36.

Simlar to Exp m"t 2 ertd B r re],

VI, was repl aced' W ?ﬁ' an c:e b ){aré'ag;sg%mtéd q'[rledslﬂ[l Jﬂ Qc[ft[érlez QHse

Pe[ err] d err] Higj€ateder rqumm;q dihg reaghiorReanstant ipkeserre 0¥as nut es and

the reaction y Y/ RS |éﬁ'f§§l Jygs’ ¢ r i ght
1.500. Tur novelrngl%.'%l]neé ty Q:for{'i&gféiéi 000 no] /rSPrmcI;p dile t?%tlieﬁ %ﬂ& [ tr

aut ocl ave 120 mf dhe o(lmt&ﬁ%’é}erﬂ IhFgaction time, the reaction was

5- Pg[ (ej[r r] C][eE r ]ﬂd[xﬁcrlrda?e{foew ﬁa@dleflrdj,ec\ﬂlorﬂ Oﬁ:I.?é(;}ﬂ\ﬁﬂ werel deﬂ&x@améd dIW} .
on-SiJerr purchase ro t co nt.ai ni 0 werne introduced under
vacuum by mean®5H r?gr;%‘ Lﬂ{bé S}W%"‘H?fe’ \Hég’cf‘f%tsgf?%‘i’r@h%?’he‘?aﬁoo m  of
t ol uene whi ch \ma"lxembsred oy (ghmddqund heh roesectayr apBubs €thes rautycanes refict or

was pressuri zeq:\/gtllb 3[&13 &wg@%gﬁ'@tfd to 45 [err]C. After 48
ef i na y

I el'ease

m nutes the rea i on was ]
the product woEke b2 hHycdialkigameni

vacuum Yi el d 14, 5 16, Dih QY pf‘éiﬁ:éﬂltéhéﬂ %f@dﬂl% V&n&ﬁez@“us"ecﬁoﬂl
Turnover nunber = 43. 000 m)I/rmI p Simlar to Exp. 18 except that
T

(C[err]l\/b[err]li)l"{le?r‘iwl[“@q qu epl aced with
(Clerr]Me[err]P) (g ]ri‘:![cﬁifelfd1.))1:%r wdseridenticalAficertizit rdesdribed 4rg of

atactic_propeng ol iPTeiddt TACWHY VA artdhhtSE dSHSShed VT 48V "
mmol of l-pentene, was charged together with the
solvent, 90 ml of toluene, at the start of the
experiment. The outcome of the reaction is given in
Table 5.

the pr opene pr essure and




12.400 nol /ol . h. Exp. 39. Simlar to Exp. 18 except that
(Jerr]Me[err]P)[err]Zrd[err], |, was replaced with
(3,4-Me[err]Cerr]Herr]P)(derr]Herr])Zrd[err], IV. After 45 mnutes the
yield of the reaction was 1,1 g of pol ypropyl ene. Turnover nunber = 3.500
mol /ol . h. Exp. 40. Simlar to Exp. 16 except -t hat propene was repl aced

wi th 300 kPa of_ ethylene, The reactjon tine was 5 nmjnutes and the yield 7,2
g of pol yet hyl e%%?fq'ufh%%}wﬁ%b’é?tl—o%lﬁwm%ﬁ nizfl&Simlar to Exp. 16
except that (2,5-Phl[err]Clerr]Herr])[err]zZrd[err], VI, was replaced with
(%[err]qerr]@%rﬁa@d[%ror t |, Agkdr one pé)éﬁ t he r@&ghi_on q)igdlorded
only traces of pdl ypropyl ene I ch - 48 - 'was not characterized Turther.
Exp.42. Similar to Exp. 16 except th@emp. - over?®/  weight
(2,5-Ph[err]CJerr]Herr]P)[err]ZrC[err], VI, was replaced with

equi nol ar anount of rr]H[err]I\I)(C[err]H[err])ZrCI[errb XVI1]. Reaction
time was 50 ninutes he reaction Viel ded BAORPRR at %€ pc, hitgfl y

branched properz pobgo@r of nol ecul ar-wei ght pddbdl®. Tugpover mpder =
85. 000 nol / nol $

A3. Simlar t p. 16 except tha
(2,5-Ph[err] etr]H P)[err]zrd [@?E]X VI ?P%e‘f)eem a‘éid3\%°t h &3P
equi mol ar anourd of XXFVerr] H err] N) [MAO] Zr Cl [Progene] X. ~Re200i oM 60 me was

ropene. pol yrer of 2% uar vei ght P800, RS “hunbir 28920160
mol /mol . h. Exp @4. &M ar to Exp. 1¥A@xcept Ethene/ c)
(2,5-Phl[err]Cerr]Herr]P)[err]Zrd[err], Styrene

7 XXXv MAO Propene 12.000 1.000

8 XXXV MAO Propene/ 750 d)

Styrene

9 XXXV MAO Hexene-1 ~10.000 170

10 XXXV MAO Hexene-1 ~35 650

11 I MAO - Ethene 120.000 e)

12. 11 MAO - Ethene 220.000 -

13 Vv MAO - Propene - 3.000 10.000

14 XXXv IBAO Propene 70 -

15 XXXVI MAO Propene 2.400 380

16 VI MAO - Propene 360.000 >50.000

17 Vi1 MAO .- Propene 140.000 1.700

18 I MRO/SiO2 - Propene 8.000 610

19 I - MAO/SiO2 - Propene 4.500 910

20 I MAO/SiO2 - Propene 2.500 1470

21 XXXV  MAO/SiO2 - Propene 850 350

22 XXXV MAO/ Propene  1.200 660

Si02
23 III MAO/SiO2 Propene 550
MAO/SiO2 Propene 610
MAO/Si0O2 Propene 610
24 III MAO - Ethene 85.000
25 1Iv MAO - Ethene 260.000



Vl, was replaced with an equi nol ar amount of (2,5-i-
Prlerr]Jerr]Herr]P)[err]Zrd[err], XVIITA Reaction tinme was 30 m nutes .
and the reaction yielded 17.0 g of atactic propene oligoners with nol ecul ar
Wwei ght 1.400. Turnover nunber = 79.000. A summary of the above
pol ynerization experinments is given in Tableg 1. Exp. 45-50.
Copol yneri sations of ethylene with octene-I“catal yzed by
(2,5-Ph[err] C eTab}¢ el r [eOpetd) ZrC [err], VI. The polynerization reactions
were perforned according to the follow ng procedure: Tol uene and octene
were introduced in a 1 | autoclave and to the mxture 5.0 mmol of MAO
di ssol ved in td#XRn&atas adaat SubséEGent | yFee@ ni xt ufermas heaMedl.to the
reaction tenperature while ethylene wagpsupplied at cogghaa) PregeygRe
After equilibration 0.01 mmol of catal yst precursor
(2,5-Ph[err]derr]Herr]P)[err]Zrc[err], VI, was added to the ré&4®lor
contents by neads oVIZI MAP - catal yst inpespénd desioeo Duripgo.o00
pol ymeri zati on hyl.ene wa pplied to maintain the original pr ure.
After reaction ﬁe %cti omntents were pour &%t o %thgﬁol, ?gél ated by
centrifugation,28ri &L at 7MAGrr] C under vackropenei ghetdacend -~
characterized. Jyie gol ynerigafi on experl rrentéi&gg%%he ;gacbben Pafagghers

- . SUyreé

and results are sunmarized I n Table 2. Exp. yréene pol ynerrzation
experinents The3® eaddions WA perforned accRrepereto 208.0601 owbng00

procedure unl esy) st affaq ot oM se: To a sol up+9Red 0. 930MHBL 0f 7. 500
f MAOZ

phosphol yI Ti d Bﬁlr] m_ _of tol uene was added 5. 00 mmol o 3.35 m,
10%v Al in tol e) roofA%nperat ur & ThiRFPRERR| on’/0.000 >50.000
33 XxXv . MAO - Propene 17.500  1.600
34 III MAO - Propene traces -
35 Xvi MAO - Propene 17.000 1.400
36 XVII MAO - Propene 250,000 1.500
37 VI MAO/SiO2 - Propene 43.000 4,600
38 II MAO/SiO2 - Propene  12.400 470
39 1Iv MAO/Si02 - Propene 3.500 -
40 VI MAO - ‘Ethene 310.000 -
41 I MAQO - Propene trace -
42 XVIII MAO - Propene 85.000 >10.000
43 XIX  MAO - Propene  20.000 3.000
44 XVIIA MAO - Propene 79.000 1.400

a) Mol/Mol.h.

b) PE m.p. = 119 °C.

c) PE~copolymer m.p. = 108 °C,
d) PP-copolymer.

e) PE m.p. = 115 °C.



was warnmed to 60 [err]C and after stirring for

10 mnutes 5 nl of cold

purified styrene was added. The pol ynmerization was term nated by pouring
the reaction into a 5% Hd / net hanol

by centri fugat
wei ght .

basi s of NWR ar)fd
tenperatures o : ,
d i gonerisation and co ol i gorrerl sation experl mant s

i on,

-

sol uti on.
washed wi th net hanol

udi ng o,ﬁ

he nelting
.DD

The precipitate was isol ated
and dried in vacuo to a constant
The products were characterized assgyrdi otactic poI ystyrenes on the
The res Its

A i gonerisati ¢
used in these
respectively.
90 m of tol ue

The reactor
with 1000 kPa

Zi rconi um cony
reacti on const
At the end of

term nated by

et hyl ene upt alfe
chr omat ogr aphyL.4

62. Co-ol i gong

het er ocycl oper

5 ml styrene,

25 °C

Exp 57 -
of n Iene The het LOCyC nt adL enyl mcorrplexes
FikRs 51' mehPStRe %IL?&%’ | sts&ﬁ’a S8,
In aI eheve e<pe|b|‘1rrert]seme 50p° @i atfumnhavegvvas dheg-gfCigwi tlh
ne, cepptaininp,0.05 n of [Bul[err|NH er]r]][ B[4 ]9'1‘5 ri -
cqnteft ﬂ%&%he— et—to E@?crr}c atreh ouuocW‘T‘Mﬁd
&5 et hyb8ne. HéPeaft r40the héber ocy®l open® abli eny®.5:1- 5( -
g, fipgol vefaign 10 |jo@f tphyene, | ygs ifnisct ed.o Byring tlhe
ant pressure has nai ntal ned py contfinuous| supply of €t hyl dne.
the (predeterhined) rleactionltine, lthe reds2e%on lwas
Vgt er |1|310ect| PRO Yi elldggyer €| get er nj ed byq goni tozipgl
—pryductar T T DUt o wWas et er mmed by gas- rjgqur o
8rhel 8d0conek18f thd 3%hctiphQ arel §i ven £ Tan @221 pxp |
r4gsat Qljoof ef hyl ene vg@dp 1- pgqtene.gj’he 21 6.6:1
Ld(]l [S] I%I Z1'T COII_UITI (..(.l%)l cX cu 1Tl s X{)erl mgnt was XXVl .
50 10 00 10 6 6 4.6:
Table 3: Styrene polymerizations
Exp. | Catalyst | Reaction Yield | t.o.f. M.p.
time (min.) | (g) (mol/mol. | (DSC)
hrC) (°c)
51 XX 30 0.01 20
90 0.05 30 260, 266
52 XX1 30 0.01 20
90 0.06 40 259, 264
53 XXII 20 0.09 260
30 0.12 230
60 0.16 3102 258, 266
54 | XXIII 60 0.04 |a40oP
55 XXIV 60 0.03 30 256, 265
56 XXv 120 1.50 7204 253, 264
Conditions: 0.01 mmol catalyst, 5.00 mmol MAO, 5 ml
toluene, 5 ml styrene, 60 °C.
a. 0.005 mmol catalyst, 20 mmol MAO, 10 ml toluene.
b. 0.0065 mmol catalyst, 3.25 mmol MAO.
c. mol syndiotactic polystyrene/(mol catalyst.hr).
d. 0.02 mmol catalyst, 10.0 mmol MAO, 10 ml toluene,



The procedure was identical to that described in Exp. 27 except that the
total anmount of conmononer, 457 mmol of 1-pentene, was charged together with
the solvent, 90 ml of toluene, at the start of the experinment. The outcone

of the reaction is given in Table 5. Tabl e 1: Polynerization experinents

1-44. Exp Cat. Cocat 3rd Feed 54 - Turn- Mol . conp.

overa) wei gh ) . - Pr opene ~200 120

2 XXXV 'l 4 0119_%%@01“3 ~400 180 3 XXXV

MAO Pr opene ~1. 300 690 4 XXXV MAO Pr opene

~1.200 460 5 AXXAV, VRO nen 1L 500 §] XXX

MAO Et hej&Xperinent o) —Styrene 7 1o S8 59 | ef 2l 61

Propene . 12. 0GRacktidi) time Xpdvh) - 30 G0 &r op¢ g

750 d) Styreng XXXV O Hgxgne- ~10J000 1 10

xxxv) Y E%h%“nsw oo |e2 TR 1aq R L Le

- Et hene | Pro@Bxt0@) €) 12 || MAD.7 |0.8-]0.04 KtChane| 0.3

220.000 - 13 [V : l\/FC)) - f OpeENE 3. Q00 (0. 00014 XKXV
nplefin

| BAO Propgh 7t 1d 15X 4&@-—-—-12:-9$eue—
2.400 380 14 Prdduct CgV3g olefins (g) | Prépdre3 J6N.2000 6x%0. (AQ 217

VI | MAO - Propene 140. 0p! 8 I SO ¢rr]
. Pr opend—2 (g) & 1B 0fos | 0. 7P

4.500 910 2 Prdduct CMAOEieTiors [(g) - | 57.7Rrdy®nd 9.72. 5003 | BAF 31
XXV MO S qlfLrJt]ribuEions of H&RSs BP0 35(
(wt$)
l-hexene 94.0|89.3 {95.0 | 96.0 | 94.9
2-hexene ' 5.7 10.3 | 5.0 3.7 4.5
2-ethyl-1-butene 0.3 [0.4 |0.0 |0.3 0.6




22 XXXV MAQ Pr opene 1. 200 660 Sierr] 23 1]

MAQ Si Q2 Pr opene 550 MAOD Si &2 Pr opene

610 MAQ Si O2 Pr opene 610 24 111 MAO -

Et hene 85.000 25 1V MAO - Et hene 260. 000 - 52 -
Table 1 (cont'd) Exp Cat. Cocat 3r85 - Feed Turn- Mol .
conp. ; o%frgg agﬁ! 6 VI MAO -

Pr opene 3.00 able ﬁgﬁ%égqg - Pr opene

33.000 © 450 28 Xl - Propene trace - 29 X
MAO e 180.000 20. 000 30 IMAO -
Propene 200|682 eﬁ"?&% 34— H——AS %62 Aropene  120. 000

7.500 32 XIV]|reagtdon time (min) Propene 701 080 >50. 000 33 XV

MAO - . 00 1.600 34 | | O -
Pr opene tracEthéﬁé) &) S - é'%.ugsne 17. 000

1.400 36 XVI|{ Proaqagt Cq - Propene 250. 0005 |1.500 37 VI
MAQ Si err] F&) pene . 43.000° 4. 600 B8 I MAQ Si  err]
- Pr opene _—4%L4%gl——-470 39 = MAE-SH-EHerr - Pr opene
3. 500 -| Brodugt Cg, WOC10 olefins (gt he,neo.-2 310.000 - 41 |
MAO SAOPERE trace - 42 XV g, %40 -
Propene  85. Jofrsx I 45 s o —— Propene  20.000
3.000 44 XxviI|Rrogugt C7, Co, C11 okebinsie(d) 79 pow.a. 1| 400 a) Mol /Ml . h.
b) PE mp. = HGdHdd& (g) 0.07 |
Product Cqi24 olefins (g) n.a.
Distributions of hexenes (wt%)
1-hexene 95.5
2-hexene . 4.0
2-ethyl-1l-butene 0.5
Distribution of heptenes (wt%)
l1-heptene ' 89.0
2-heptene 4.0
2-ethyl-1-pentene 7.0

n.a. = not available yet.



€) PE-copolyner mp. = 108 C. d) PP-copolyner. e) PE mp. ﬁnsm&tﬁhsBeeanaﬁ&d

- Table 2: Ethyl ene-octene-1 copol yneri zations. Exp. Tqu- :
Tenp. Tine Yield Rati o ene ne 1 | ene C : .
0

Cerr]=/Cerr

ity e os e sz e

10 nOt 150 40 300 71

2.1:1 48 210 ¢ * *300 70 6 26 6.2:1 T 1858 SIN
10 - 300 30 6 21 6.6:1 50 210 10 300 10
6 16 4.6:1 Table 3: Styrene p?iégﬁi#iiiﬁfns Exp. Catal yst
Reacti on Yield t.o.f. (9) (nmol /ol . (DSC)
hrerr]) ([err]C) 51 0.01 20 90

0.05 30 Rt ?c iti f 130che ligomeri Dor? 9
0.06 40 250, st romsiijtion fo (co) olidbilrisatid ],
0.12 230 60 or (CO)Polm%lsatm[%ﬁ rqleflnlcalz-‘ae unsgstwrateky | |

60 gxyrocé¥ﬂdﬂé]c ris¥g/ of a hé%broc clopenthadfenyl 39
256, 265 56 o d/ 1.50 72 y P 253, 26%

Condi ti ons: O(qunﬁﬁn?ﬁﬁé. Wk 00 ol MAQ, 5 n1 toluene, 5 nml styrene
60 C. a. 0.005ggARycatalyst, 20 mol MAO, 10 ml toluene. b. 0.0065 mmo

catalyst, 3.25 JH@ei'\AA‘Q& is a Group 15 element and each R, which is
connected to a carbon of the heterocyclopentadienyl
ring, can be the same or different and is chosen from
hydrogen or an organic substituent (optionally
containing one or more hetero-atoms), in complex with a
Group 4 or 5 metal. '
2. A catalyst composition according to claim 1,
characterized in that one or both of the 2 and 5
positions on the heterocyclopentadienyl ring is
substituted by a bulky substituent, i.e. a substituent
wherein the atom directly attached to the ring is a

" group 13, 14 or 15 element, carbon or silicon being

preferred, to which at least two atoms other than
hydrogen are directly attached.
3. A catalyst composition according to claim 2,
characterized in that the bulky substituent is chosen
from the groups oflaryls such as phenyl, o-tolyl, p-t-
Butylphenyl, m-dichlorophenyl and 3, 5-t-Buy-4-MeOCgHjy;
secundary alkyls such as i-propyl, i-butyl and c-Pe
(cyclo-pentyl); tertiary alkyls such as t-butyl;
alkenyls such as ~C(Me)=CHp; and bulky substituents
containing hetero-atoms such as -SiMes3, -NPhy+, -NHPhj,
-BPhy and -B(OPh),. '
4. A catalyst composition according to claim 2 or 3,
characterized in that none of the 2 and 5 positions on
the heterocyclopentadienyl ring is unsubstituted, and in

- EET HAS L
mﬁig \";{:yz ‘.(TII s




. nol sy ndlotactlc ﬁﬁlystyrene/(nnl catalyst.hr). d. 0.02 nmol catalyst,

10.0 mml llm ﬂ I“"ﬂmmn, m styrene, 25 C - 54 - Table 4:
a |goner|sat|o 57 58 59 60 61

Feaction time (nln) Lomos 30 6 26 24 Et hene consuned
(g9) 10 _’8 8-Ppoduct C4 . 0.7

gg 0 04 0. é:hatlfgl OL}E“ . éggpo%rltdluo%s er rkJe’ hqt%rrgcyoc!é%er}xs@c%)@nﬂ 2
0.4 Pr oduct Clﬁn@ efdensidtyg)substitutedB By a bulky &ubstiGuerdd stri butions

f h 9 -h 9 94. 9
> hoxene. 9. 1W'eRMyst copposigion gay £ Acblplddonghinttion one
0.3 0.4 0.6r (ERdpolymerisatism -oflalllef ifiicad-lot ivpmadnirsattedn

Experi ment mgéiroc)arbons, comprlslngﬁ%éf % rgﬂné‘d%.g ddfiglex of the

3 Et hene consu
0.05 ol efin (gﬂﬁﬁﬁﬁﬁkﬂfqamﬂﬁq , derr], derr] olefins (g) 0.2 hexene

(9) C4AR' " 2RI mﬁﬂpct Cerr], CJerr], Cerr] olefins
(9) n. a. (pten W[% p(di il : 0.07 Product Cerr]
ol efins (g) ereln %ﬁ & Group 15 element, _

each R', which can be the same or different, is chosen
from hydrogen or an organic substituent (optionally
containing one or more hetero-atoms) having from 1 to
20 carbon atoms or two substituents together forming a
fused C4-Cg ring,

R" is a molecular fragment bridging two dienyl rings,’
M is a Group 4 or 5 metal,

each Q, which can be the same or different and two of
which can be interconnected to form a ring, is chosen
from the group of hydrogen, aryl, alkyl, alkenyl,
alkylaryl, arylalkyl, alkyloxyl, aryloxyl, alkylazanyl,
arylazanyl, alkylthiolyl, arylthiolyl, alkylphosphalyl,
arylphosphalyl, alkylazanediyl, arylazanediyl,
alkylphosphanediyl, arylphosphanediyl, or cyclodienyl,
any of which having from 1 to 20 carbon atoms and
optionally being further substituted, or halogen, oxygen
or sulphur,

p is 0 or 1,

m is 4 when p is 0, and 4 or 3 when p is 1,

nis 0, 1, 2 or 3,

qis 0, 1, 2 or 3

and n +the sum of the valencies of the Q groups +1
equals the valency of the metal.

6. A catalyst composition according to claim 5,
characterized in that one or both of the 2 and

5 positions on the heterocyclopentadienyl ring (CgR'pA)
is substituted by a bulky substituent, which is a



Bi stributions of exene 95.5
2- hexene mmmm I 4 0 2-ethyl-1-butene
e

0.5 Distribution o ptienes ww hept ene
89.0 2- hept ene 4.0 2-ethyl-1-pentene
7.0 n.a. = not available yet. T 1859 SIEsC—L Al MS1 A catalyst

SOTPES LA U R B Ty (GRRGHSSE 8 e

het er ocycl openttddiceriyg aofgndup dieherld dmrlrﬁJIesl@mm (e/\tga.r ebcn:dh,l s a Goup

15 el ement and &aqlHHR qﬁf}&geé}l't
het er ocycl opent adi enyI émnl%%}nfq{i arrg:é(}r&g{f eren]t and | % c%osen
from hydrogen ®refierfagini £ sich @htleassh itvmlatormmthen ihamme or nore

het er o- at ons) , nyaﬁjygﬂ @ﬁ:-él\lldlf}@:@’y)%t‘hé}{eé nmetal. 2. A catal yst
conposition acgprdln to cI%én11 ch racterlzed in that one or both of the
rt

2 and 5 positi RERAAIN FQ 1AM 84 uted by a
bul ky substitumharactmra&mlhst |ﬁheantthm$1ﬂ1kyt§mosa&mehﬁemlah@éémched to

broferred, to whoh e his iF HSE ol e ot aid abt

attached. 3. ABﬂﬂyﬂghﬁnxinMndthionnphﬁnﬁkupnd)3ﬂ5ﬁtnEn21ﬁﬁHemﬂgH22ed in

Ito hat yf heob%r;ls%égﬁdéﬂﬁ@lléyﬁscw dd ARG O R Ry Pl SUE as

’ (cyclo-pentyl) ; tertiary alkyls such as t-butyl;
alkenyls such as -C(Me)=CHy; and bulky substituents
containing hetero-atoms such as -SiMe3, -NPhjy, -NHPhy?,
-BPhy and -B(OPh) .
8. A catalyst composition according to any one of
claims 5 to 7, characterized in that R" bridges between
two carbon atoms and is a C1-C4 radical chosen from
alkylene, dialkyl germanium or silicone, alkyl phosphine
or amine.
9. A catalyst composition according to any one of
claims 5 to 7, characterized in that R" bridges between
one carbon and one heterocatom or between two
heteroatoms, retains a Lewis acidic site and is a
tungsten carbonyl or iron carbonyl radical.
10. A catalyst composition for the (co)oligbmerisation
or (co)polymerisation of olefinically unsaturated
hydrocarbons, comprising a first component which is an
organometal complex as defined in any one of claims 5 to
9, and a second component Which is an aluminoxane.
11. A catalyst composition for the (co)oligomerisation
or (co)polymerisation of olefinically unsaturated
hydrocarbons, consisting essentially of an ionic
compound of the general formula
[ (C4AR'm) nR"p (C4AR'm) MQq+] {An~],

wherein the components of the cation are as defined



But yl phenyl-—m-di-ehtoroptrenyt—and 3, 5-t - Bu2-4- MeOC6H2; secundary al kyl s
such as i-pr c-Pe (cyclo-pentyl); tertiary alkyls such as
t-butyl; al kqmmk“ma'gml 2) =CH2; and bul ky substituents containing
het er o- at ons | Me[err], -NPh[err], -NHPh[err], -BPh[err] and
-B(OPh)[err]. 4. A catal yst conposition acggrding to claim2 or 3,
characterized in that none of the 2 and 5 positions on the

het er ocycl openhatieénpeipragwisthutbebpriovisedthatdda As at lgast hand he 3

and 4 positionge@gtt Bﬁehét %OE}S%E@BG'?E%Q' 8drobleRY %Zil”ohlms“tm ed by a
bul Ky substituen yst conpositiQn for th co) qQl i goneri sation or

|
(co)polynerlsaﬁigﬁnﬁﬁ'op K, PEXﬂPyaﬁﬂééﬁﬁﬂétQJ EYGAG ehyds, 2@ sing an

organonet al cowhliek abvihg geoer al tbomubarbehe@n:bﬁg adr bbt[l@ifa]ﬂy[ err]
(Cerr]AR [err eac whi ch can be

the sanme or #%g%ﬂ %%rt§e5h5§bﬁtﬁF8ﬁPﬁ53P§g n;ﬁuﬂrﬁ nF@eéubstltuent

(optionally conaaencngsoni ahenQrgrbeperelaqualshahengaﬂemmwio&btb& car bon
atons or two s t ugnt 0 h 9,2

mol ecul ar fragirég??hbr?d g#g tQ\%; g rrhﬂn s, k?ér ouph%%gragglr?étlg
each Q which oan-seomengamgounderf @h@nreandtlpmcondmuloms:san be

i nt er connect edgb0 EQEEEQI&%EQCOMPOQFQ§8P BE@SHdEﬁgQ%BUElQEmthr099” aryl,
al kyl, al kenyl ; alkyla %g’ alkylazanyl

aryl azanyl , al ¥ Ppﬁﬂa|§¥e &Pypphpsmppuug R§|§ﬁ&§5ﬁa r

al kyl azanedi yl organbﬁé@ae.dbbhpl@kkﬁbpﬁQfﬁh%ﬂed.wl::,laa.iny|59hWﬂé|1@1Qﬁ|Q’|Ls or

cycl odienyl, aﬂ&d%BgQQLCQrQ Ylg k&&?nh k%%y 0 Ciky ary f?rglkyl or
cyclodienyl, any of which having from 1 to 20 carbon
atoms and optionally being further substituted, with a

compound of a bulky anion which is substantially non-

coordinating under the reaction conditions, and a cation
which is capable of reacting with one of the radicals Q
of the organometal complex.

13. A catalyst composition according to claim 11,
wherein the ionic compound is preparable by reacting an
organometal complex as defined in claim 5, wherein Q is
hydrogen, aryl, alkyl; alkenyl, alkylaryl, arylalkyl or
cyclodienyl, any of which having from 1 to 20 carbon
atoms and optionally being further substituted, with a
neutral, strongly Lewis acidic compound which is capable
of abstracting one of the radicals Q of the organo-
metallic compound, thereby also contributing a bulky and
substantially non-coordinating anion to the completed
catalyst compound.

14, A catalyst composition according to any one of
claims 10-13 characterized in that it is loaded on a
solid carrier.

15. A process for the (co)oligomerisation or (co)poly-
merisation of olefinically unsaturated hydrocarbons,
characterized in that it is performed in the presence of



ept i onaIIy “m\‘mﬁ stltut ed, or hal ogen, oxygen or sulphur, pis O
or 1, mlsmmmu d4or3whenp|sl nis 0, 1, 2 or 3, qis
Q 1, 2 or S»amd it +*he®sum of the valencies of the Qgroups +1 equals the
val ency of the netal. 6. A catalyst conposition according to claimb5,
characterized in that one or both of the 263nd 5 positions on the

het erocycl opentadi enyl ring (Clerr]Rm) is substi tuted by a bul ky
substituent, wf Gprtalyst com@ssitimmsadeerdingisy cany tine atbHnebiainst |y
attached to theydyng, is a group 13, 14 or 15 elenment (e.g. boron, carbon,
silicon or nitrogen; carbon or silicon being preferred), to whi ch at Ieast
two atons ot her than hydrogen are directly attached. 7. A catal yst
conposition according to claim®6, characterized in that the bul ky
substituent is chosen fromthe groups of aryls such as phenyl, o-tolyl,
p-t- Butyl phenyl, mdichl orophenyl and 3, 5-t-Bu2-4- MOC6H2; secundary

al kyl s such as i-propyl, i-butyl and c-Pe (cyclo-pentyl); tertiary alkyls
such as t-butyl; al kenyls such as -C(Me)=CH2; and bul ky substituents

contai ning hetero-atonms such as -Si Me[err], -NPh[err], -NHPh[err]+, -BPh2
and -B(OPh)[err]. 8. A catalyst conposition according to any one of clains
5to 7, characterized in that R' bridges between two carbon atons and is a
Cerr]-Cerr] radical chosen from al kyl ene, dial kyl gernmani um or silicone,
al kyl phosphine or amne. 9. A catal yst conposition according to any one of

C21/T1859FF



glaims 5 to 7, characterized in that R' :bri:dges between one carbon and one
het er oat om or. bet ween two heteroatoms, retains a Lewis acidic site and is a
tungsten carlonyl or iron carbonyl radical. 10. A catal yst conposition
for the (co)oligonmerisation or (co)polymerisation of olefinically
unsat ur at el hydrocarbons, conprising a first conponent which is an
organonetal conplex as defined in any one of clains 5 to 9, and a second
conponent which is an al um noxane. 11. A catal yst conposition T a83he&SIN
(co)oligonerisation or (co)polynerisation of olefinically unsaturated
hydr ocar bons, consisting essentially of an ionic conpound of the general
formula [(CJerr]AR [err])[err] R [erBA @IS T REL T)MIerr]+] [An-],
wherein the conponents of the cation are as defined - 59 - hereinbefore
with the proviso that q is at |east is chosen from
hydrogen, aryl, alkyl, alkenyl, Zﬁwyﬁﬁaﬁf,ééﬁ§ﬁ§éﬂﬁap&%r cycl odi enyl, any of
whi ch having from1l to 20 carbon atons and optionally being further
substituted and n +the sum of the valencies of the Q groups +1 equals the
val ency of the netal -1, and the anion [An[err]] is bulky and substantially
non- coor di nat i ng urféRralyst reerpisit vansli fonnthe 10coYokigehest sabhpmsoti on
according to C'Pédﬂﬂélyﬁ(@'ﬁﬂﬁ&beof%‘jré?f ﬁésgggpgf | e by reacting
c 'S

an organonetal conplex as defined n claimb, rein hydrogen, aryl,
al kyl, al kenyl P¥JUQFaFRONs 4 CIMPRIFing & \hetrFeeytlopentadiopytofiatheg
from1l to 20 caydrdral ofrmilh optionally being further substituted, with a
conpound of a | anion which is substantially non- coordinating under
the reaction co 4%ons, and a cation which is capable of reacting with one
of the radi cal wh@rein A is a Group 15 element and each R, which is

connected to a carbon of the heterocyclopentadienyl
ring, can be the same or different and is chosen from
hydrogen or an organic substituent (optionally
containing one or more hetero-atoms),

in complex with a Group 4 or 5 metal,

and the process of (co)oligomerisation or
(co)polymerisation olefinically unsaturated
hydrocarbons in the presence of such catalyst
compositions.

C21/T1859FF



of the organonetal conplex. 13. A catalyst conposition according to claim
11, wherein the ionic conpound is preparable by reac
conplex as defined in claim5, wherein Qis hydrogen
al kyl aryl, arylal kyl or cycl odienyl, any of which ha‘
carbon atons and optionally being furthej‘ppbstituteq

strongly Lewi s _acidic conpound which is capable of alfstf
radical s Q of 28Re 080 medidid i ¢ conpound,” t her eby ffal

bul ky and subgkantizal |y non-coordinating anion to th¢ conple
conpound. 14.‘ﬁgtararyst conposition according to any-one of..clLains_10-J13

characterized in tRat it 1it& aodRalawe al20Iml @& kpbuenascontpindrgs f or.
the (co)oligoQe}b5sehbe3HOP)ZDAG Y-vIEero s¢t imMopf 2h&FiNisa Igfugiagurated
hydr ocar bons, characterized in that TT _js performed I n the presénce  of -
60 - a cat al yRR™EoRBodPUE @ﬁﬁﬁné;QE)W%F%%y eortaingng; hE%181l14were
C21/ T1859FF introduced under vacuum by means of a syringe. The '
syringe was rinsed with another 100 ml of toluene which
were also introduced in the reactor. Subsequently the
reactor was pressurized with 600 kPa of prépene and
heated to 45 °C. After 48 minutes the reaction was
terminated by release of the propene pressure and the
product worked up by filtration and evaporating of the
volatiles under vacuum. Yield 14,5 g of polypropylene
with a molecular weight of 4.600. Turnover number =
43.000 mol/mol.h.
Exp. 38.
Similar to Exp. 18 except that (C4Me4qP) 22xCl2, I,
was replaced with (C4Me4P) (CsHs)ZrClo, II. After
27 minutes 2,4 g of atactic propene polymer with
molecular weight 470 were formed. Turnover number =
12.400 mol/mol.h. | '
Exp. 39.
Similar to Exp. 18 except that (C4Me4qP)2ZrClsz, I,
was replaced with (3,4-Me2C4H2P)(CsHs)ZrClz, IV. After
45 minutes the yield of the reaction was 1,1 g of
polypropylene. Turnover number = 3.500 mol/mol.h.
Exp. 40. ,
Similar to Exp. 16 except that propene was replaced
with 300 kPa of ethylene. The reaction time was
S minutes and the yield 7,2 g of polyethylene. Turnover
number = 310.000. '
Exp. 41.
Similar to Exp. 16 except that (2,5-Ph2C4H2)22rCl2,
VI, was replaced with (Me4C4P)22rClyp, I, After one hour
the reaction afforded only traces of polypropylene which
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1. A catalyst composition for the (co)oligomerisation
or (co)polymerisation of olefinically unsaturated
hydrocarbons comprising of a heterocyclopentadienyl of
the general formula

C4ARy,

. wherein A is a Group 15 element and each R, which is
connected to a carbon of the heterocyclopentadienyl
ring, can be the same or different and is chosen from
hydrogen or an organic substituent (optionally
containing one or more hetero-atoms), in complex with a
Group 4 or 5 metal.

2. A catalyst composition according to claim 1,
characterized in that one or both of the 2 and 5
positions on the heterocyclopentadienyl ring is
substituted by a bulky substituent, i.e. a substituent
wherein the atom directly attached to the ring is a
group 13, 14 or 15 element, carbon or silicon being
preferred, to which at least two atoms other than
hydrogen are directly attached.

3. A catalyst composition according to claim 2,
characterized in that the bulky substituent is chosen
from the groups of aryls such as phenyl, o-tolyl, p¥t-
Butylphenyl, m-dichlorophenyl and 3,5-t-Bus-4-MeOCgHs;
secundary alkyls such as i-propyl, i-butyl and c-Pe
(cyclo-pentyl); tertiary alkyls such as t-butyl:;
alkenyls such as -C(Me)=CHp; and bulky substituents
containing hetero-atoms such as -SiMe3, -NPhy*, -NHPhj,
-BPhy and -B(OPh)j,.

4. A catalyst composition according to claim 2 or 3,
characterized in that none of the 2 and 5 positions on
the heterocyclopentadienyl ring is unsubstituted, and in



