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Communication: In the homopolymerisatiorof propene
by the cyclopentadienyl-amidditanium catalystsystems
[1]5,1]1-(:5H4(CH2)2NR]TlCIg/MAO and['l’]s,nl-C5H4(CH2)2-

NR]Ti(CH,Ph)}/B(CsFs)s (R = ‘Bu, 'Pr, Me), the catalyst
with the smallestsubstituent(Me) on the amido moiety

consistentlygives the highestpolymer molecularweight.

This differsfrom thetrendusuallyobservedn relatedcat-

alysts with tetramethylcyclopentadienyl-amidancillary
ligands, where larger amide substituentsresultin higher
molecular weights. Basedon the presentinformation a

hypothesisis formulatedin which an increasedcation-
anioninteractionfor the lesssterically hinderedcatalystis

responsiblefor disfavouring chain transfer relative to

chaingrowth.
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Intr oduction

Titanium conmplexes with linked dianionic cyclopena-
dienyl-amde ancillary ligandsform a classof important
catalystsfor olefin polymerisaion, egecially for copoly
merisaton of ethere with a range of a-olefins (including
1-octere, styreneand evenisobuteng?. The ligandsin
whichthecyclopentadiegyl moiety hasfour metyl subsi-
tuentshawe beenmost extersively studied asthesetendto
give catalystswith much higher activities thanthosewith
unsubstitited cycloperadienyl moieties do*?. For the
caseof the ‘archetypal’ catalystswith the n°n-CsMe,Si-
Me:NR ancillary ligand” (A, R = alkyl, aryl), the catalyst
activity and polymea molecularweight were found to be
thehighestwith asterically demandng R-group(e.g. '‘Bu).
As with the well-known metallccene catalyst®, the
active speciedn thesecatalyst systens are cationicmetal
alkyls. We areinvestigatingthe effects of theinteractons
of theseactive centreswith the complemetary anionand
the readion medium on polymerisaion behavior The
specieswith unsibstitutedcyclopentalienyl ligandsseem

2 Netherlanddnstitute for CatalysesResarch(NiOK) publica-
tion no. RUG 99-4-03.
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particularly suitable, to study these effects becawse of
their limited steric requiremats, which should enhance
the effects of theseinteractons.

Previousy we describedhe synthesisof the dichloride
compleyes [n°n-CsH4(CH,):NR]TICl, (B, R = Bu, 'Pr,
Me) and,for R = 'Bu, the generatbn of a cationic benz/l
complexby reacton of the dibenzyl derivative with the
Lewis acid B(CsFs):®. Here we descibe the homopoly
merisationof propenewith the corresponihg Ti-dichlo-
ride/methyaluminoxane(MAQ) andTi-dibenzyVB(CsFs)s
catalystsystens. Within this groupof catalysts,the mole-
cular weight of the obtaned polypropene was found to
vary strongly with the substituebR, the smalest subsitu-
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ent(Me)giving by far thehighestmolecubrweight In ad-
dition, it wasfoundthatin the R = 'Pr systemthe activator
usedstronglyaffectsthenature of thepolymerobtained.

Experimental part

Generalproceduesand materials

All manipulationswere performed under nitrogen atmos-
phereusing standardSchlenkor dry-box techniquesunless
mentionedotherwise. Solventsused for the synthesisand
characterisatiomnf the catalystsand catalystprecursoravere
pre-driedon sodiumwire and distilled undernitrogenfrom
sodium or sodium-ptassiumalloy before use. A toluene
solutionof MAO (1.5Mm, Akzo Nobel)wasusedasreceived,
B(C6F5)37) and [C5H4(CH2)2NR]T|X2 (R = Me, IPr, tBU; X =
Cl, CH,Ph¥® were preparedaccordingto literature proce-
dures.Ethene,propene(AGA, polymer grade)and toluene
(Aldrich 99.8%, anhydrous)for the polymerisationexperi-
mentswere passedver columnsof a supporteccopperoxy-
genscavengef(BASF R 3—11) andmol. sieves(3A) before
beingpassedo thereactor

Polymerisatiorexperiments

Polymerisationsf etheneand propenewere carriedout in
thermostated(electrical heating, water cooling) stainless
steel autoclaves(Medimex, reactor volume 11 for MAO-
activatedpolymerisations0.51 for B(CsFs)s-activatedpoly-
merisations),equippedwith solvent and catalystinjection
systems A typical MAO-activated propenepolymerisation
proceedsasfollows. The autoclaveis pre-driedby heatingin
vacuoat 120°C for 1 h. After coolingto the desiredreaction
temperature250ml of tolueneis added,followed by injec-
tion of 13.5ml of a 1.5M MAO/toluenesolutionand 10 ml
of toluene Propeng4.7 x 10° Pa)is admittedandthe system
is allowed to equilibrate for 15min. A solution of the
[CsH4(CH,).NR]TICI, catalystprecursorin 10 ml of toluene
is then injected to start the reaction, followed by another
20 ml of toluene(total volume 300ml). The propenepres-
sureis keptconstantwithin 0.2 x 10° Paduringthe reaction.
After 30 min thereactionis stoppeddy theinjectionof 10 ml
of methanol After venting,the reactoris openedto ambient
for productwork-up. The solventis removedfrom the mix-
ture in vacuoand the resultantmaterial dried at 100°C for
1 h. Theproductis thendissolvedin chloroformandfiltered.
Removalof the solventin vacuoanddrying for severahours
at 100°C yieldsthe polymer For borane-ativated polymeri-
sationsa total of 200ml of toluenewas used,and the tita-
nium dibenzylcomplexesvereusedascatalystprecursorin
the ethenepolymerisatiorexperimentsthe productwasslur
ried for several hours in acidified methanol, repeatedly
rinsedwith ethanoland petroleumetheranddried in vacuo
at70°C overnight.

Polymercharacterisation

The molecularweight distributionsof the polyethenesvere
analysedby GPC (Polymer LaboratoriesPL-GPC210) at

150°C using1,2,4-trichlorobenzensolvent.For the polypro-
peneghe molecularweightdistribuionsweredeterminedoy

GPC (Spectra Physics LC-1000 system) at 30°C using
chloroform solvent. Molecular weight datawere calculated
from universl calibration curves of polystyrene.Carbon
NMR spectraof the polypropenesvererecordedat 100°C in

1,1,2,2-tetrabloroethaned; on a Varian Unity 500 spectro-
meterat 125.7MHz.

Results

To obtain a first indication of catalyst performance,the
polymerisaton of ethere was performel using the cata-
lysts [CsH4(CH,),NR]TICl, (R = ‘Bu, 'Pr, Me)® activated
by MAO in toluenesolvent.With both metallocene and
cyclopentadenyl-amick catalystsit is usualto contact the
dichloride precursorwith MAO in the solvent, prior to
the introducion of this mixture into the reactor We
obseved that with the presat catalysts (whereR = Me,
'Pr) within severalminutesof the readion start,reduction
of the metal centre and concomitant loss of activity
resuted. This was seen by a colour charge from yellow
to blue-greenand in the ESR spectraa sigral at g =
1.975, indicative of the formation of Ti(lll). Only for R =
‘Bu were solutiors of dichloride/MAO in toluene
obtainedthat were stabk andretainedactivity for longer
periods (1-2 days).Prectarging the reador with toluene
andMAO, followed by saturatiom with the monomerand
subsguentaddition of a toluenesolution of the dichlo-
ride catalyst precursordid lead to consistat catalyst
activity for all three catalysts Therdore this procedire
wasadoptedn the catalysisexperimets.

The resultsof the ethere homopolynerisaton experi-
merts with the [CsH4(CH,).NR]TiCl, andMAO catalytic
system(toluene, 50°C, 2 x 10° Paetherg) are shown in
Tab.1. Thetrendin catalystprodudivity observedfor R
(‘Bu > 'Pr > Me) is as expectedwhen comparedto the
trends observedin the [CsMe,SiMeNR]Ti catalsts,
although the overall productivity is constderably lower.
Remarkably it was found that the trend in the polyme

Tab.1. Ethene homopolymeisation with the [CsHi(CH,),-
NR]TiCl, andMAO catalyticsysten?

Run R Productivityin M, x 10°M, x 10° M,/M,
kg - mor?*- h
1 Me 840 777 211 3.7
2 Me 840 732 191 3.8
3 Pr 1470 123 52 24
4 iPr 1460 113 49 2.3
5 '‘Bu 1850 58 31 1.9
6 Bu 1750 73 30 24

¥ Polymerisationconditions:toluene= 300ml, [Ti] = 7.10°m,
Al/Ti = 520 (mol/mol), temp. = 50°C, ethenepressue =
2 x 10 Pa,polymerisatiortime = 30 min.
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Tab.2. Propee homopolymeisation with the [CsHi(CH,),-
NR]TiCl, andMAO catalyic systen?

Tab.3. Propene homopolymerigtion with the [CsH4(CHy).-
NR]Ti(CH,Ph) andB(CsFs)s catalyticsysten?

Run R Produdivity in M, x 10°M, x 10° M,/M, Run R Produdivity in M, x 10°M, x 10° M,/M,
kg - mol?- ht kg * mol?- ht
7 Me 295 720 344 2.1 13 Me 782 1064 544 2.0
8 Me 287 722 344 2.1 14 Me 662 1047 411 2.5
9 Pr 114 16.3 8.4 1.9 15 Pr 1110 138 63 2.2
10 Pr 106 15.7 8.7 1.8 16 Pr 1085 132 60 2.2
11 ‘Bu 224 11.4 6.5 1.8 17 ‘Bu 492 33 10 3.3
12 ‘Bu 243 18.1 8.0 2.3 18 ‘Bu 750 30 14 2.1

3 Polymerisaibn conditions toluene= 300ml, [Ti] = 2.10*Mm,
Al/Ti = 520 (mol/mol), temp.: = 30°C, propenepressue =
4.7 x 10° Pa,polymerisdion time = 30 min.

molecubr weight is the opposie (Me > 'Pr > 'Bu), and
also, oppositeto that known from experierce for CsMe,-
basedcatalysts.The polydispesity of the high moleculbr
weight polyethene, obtained with the catalyst with R =
Me, is relativdy high, which may be associatedwith
polyme precipitaton andbr mass transfer problems.
Therefore it was deened more suitable to study the
effectsof the substiuentR on polymerformation on pro-
pene, rather than ethene polymeisation. Pdypropene
produed with cyclopentadiayl-amido catalysts is
usuallyatactc or slightly syndotacticaly enriched®®19,
and soluble in toluene up to high molecdar weight.
Also, the polymea microstructure can give additional
informaton on the proceses taking place at the active
centre.

The reslts of the propenehomoplymerisaton experi-
mentswith the [CsH,(CH,),NR]TiCl, and MAO catalytic
system(toluenesolvent,30°C, 4.7 x 10° Papropere) are
shownin Tab.2. In contrastto the ethere polymerisation
experimetts, thereseemsto be no cleartrendin catalst
produdivity. The R = 'Pr catalystis consitentlyfoundto
beleastactive. After the conmpletion of the runs,all reac-
tion mixtures were homogeeous solutions of varying
viscosty. Polydspersities of all polypropenesarein rea-
sonableagreemenwith the assumgon thata singletype
of active speciesis operative.Thereis a striking differ-
encein polymer molecular weight betweenthe polypro-
peneprepare with the R = Me catalystand the others,
the former being more than 40 times higher. Molecular
weightsof the polypropeneprepaedby the R = 'PrandR
= 'Bu catalystsdo not differ significantly.

In orderto seeif the obseved effectsarein any way
influenced by the anion that is complemetary to the
cationic active centre, propere polymerisaton experi-
mentswere pefformed in which titanium dibenzyl cata-
lyst precursors[CsH4(CH,).NR]Ti(CH,Ph) were acti-
vated by the Lewis acid B(C¢Fs)s, thus prodicing the
PhCHB(C¢Fs)s-anion ascounteion to the active catalyst
speciesAs in theseexperimeis an excessof aluminum

3  Polymerisationconditions toluene= 200ml, [Ti] = 4.10% m,
B/Ti = 1.5 (mol/mol), temp.: = 30°C, propenepressure=
4.7 x 10 Pa,polymerisdion time = 30 min.

alkyl (andthusa mears to scavege impurities)is absent
the polymerisaions hadto be carriedout at a highertita-
nium concentration (double that of the MAO-activated
experimens) to obtain consistat catalyst prodictivities.
The results of these propene homoplymerisatons are
shownin Tab.3.

Despte the absenceof an impurity scaveger, the
experimens are quite reprodudble (with only run 17
beingsomeavhatanomalaswith arelatively low prodic-
tivity and a relatively high polydispersity) The overall
productivty is higherthanin the MA O-activatedsystems
(an observabn that hasbeenmade for many other sys-
temsas well), and now the R = 'Pr catalyst is found to
havethe highestproductivity. The R = Me catalystagain
gives by far the highestpolyme molecular weight This
is about8 timeshigherthanthat obtainedwith theR = 'Pr
catalyst,which in turn is about4 times higher than that
obtainedwith the R = 'Bu catalyst. In theseexpaiments
all polymer molecular weights are higher than those
foundin the analogos systens with the MAO cocatdyst.
'Pr endgroups can be observedin the latter using **C
NMR, indicating a certaindegreeof chaintransferto alu-
minium (asis usualwith alkylaluminium cocatdysts). It
is remarkalke, however that for the R = 'Pr systemthe
M,, of the polyme obtainedwith the boraneactivatoris
morethan 8 timeshigherthanthat with the MAO activa-
tor, whereador the othersthis is only 1.4-2 timeshigher

13C NMR analysisof the polypropenes obtained indi-
catesthat they are predomnantly atactic with 3—-5%
regioirrggularitiesand with a combination of vinylidene
andlinear olefinic endgroups(indicative of B-H transer
after1,2- and2,1propenensertion respetively). Certdn
samples show a modest, but significant syndiotatic
enrichment The triad distributions for represetative
samplesare shown in Tab.4. It may be noted that for all
productswith relatively high moleculr weights(R = Me
with MAO or borare activator, R = 'Pr with boraneacti-
vator)asyndiotatic enrichmenis observedThisis espe-
cially remarkabé for R = 'Pr, where the switch from the
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Tab.4. Triad sequencedistributions of the polypropene as
determinecby *C NMR (C,D,Cl,, 100°C).

Run R Activator®  %mm %mr %rr
7 Me A 17.2 48.4 34.4
13 Me B 14.3 48.8 36.9
9 Pr A 214 54.5 24.2
15 Pr B 14.8 49.3 35.9
11 ‘Bu A 23.8 53.5 22.7
18 ‘Bu B 24.5 51.8 24.0

9 A=MAO; B = B(CsFs)a.

MAO activatorto the boraneactivatoris accompaied by
both an 8-fold increasein polymer molecular weight as
well asa syndotactic eniichment.As the microstricture
reflectsthe stereochmistry of the processstaking place
at the metal during catalysis, the latter suggest that in

this systemthe changeof activator also effects a modifi-

cation of the environmentof the active centre.Carehas
to be takenwith the interpretation of the microstricture
data, however as stereregularites and contibutions
from the chan endsin low molecula weight polyme's
canbeof influencé.

Discussion

For the tetramethylcyclopentadényl-amick titanium cata-
lystsit wasobservedhata reductionin steiic bulk of the
amido subsituent geneally leads to reduced polymer
molecubr weight (e.g. in ethene polymerisaion by
[CsMesSIMeNR]TICI,/MAO the R = CH,Ph catalst
givesa polymerwith a muchhighermel-flow indexthan
the R = 'Bu catalys?). Indeed high molecular weight
atacticpolypropeneis obtainedby catalystswith particu
larly large amidesubsituents(R = adamatyl, cyclodock-
cyl)¥. In the lesssterically hindeed [CsH4(CH,),NR]Ti-
systenthistrendis reversedThe observatbn thatfor R =
'Pr a changein activaor leadsto an anomabusly large
changein polymer molecuar weight aswell asa charge
in polymer microstructure suggets that interaction
betweenthe active centre and the counteron may be
responsite. Severalreports have shown that the more
electrondeficient cationic cyclopenadienyl-anide com
plexesare more proneto give observéle cation-anion
interactons than bis-cyclopentadenyl complexes, but
that theseare sensitve to the steic environmentof the
cation®. For the ionic Ti-benzy compound
{[C 5H4(CH2)2NR]Tl(CH2Ph)}[PhCHzB(C5F5)3] we obser

2 Seefor exampleref.!V As the differencein microstucture
between the sampes of runs9 and 15 (R = 'Pr) is alsore-
flectedin theratio betweerthe mmmmandrrrr pentadq1:1
in run 9, 1:3in run 15), it is unlikely that superpositiorof
end-goup relatedresonancess the only sourceof the ob-
serveddifferences.

ved by NMR that for R = '‘Bu this complex existsin ds-

bromobezene soluion as a solventseparéed ion pair

from —35°C to +65°C. For R = Me, cooling sucha solu

tion leadsto broadaing of the F and *H-NMR resoe

narcesof the anion, suggestinga rapd equilibrium with a
cortaction pair®?. For the cationic Ti-alkyl speciegre-

sent during catalsis the latter is expectedto be much

more favouredthan for the Ti-benzy species(in which

the benzyl group canimpart extraelectrondensty to the
metal centre by n?coordirationt?®). For the Me,Si

(Flu)(Nt-Bu)Zr-basel catalyst systemthe effect of the
counterionwas held respnsiblefor the obseved switch

in stereregulariy of the prodwed polypropene depend-
ing on the cocatdyst used(syndiotacticwith MAO, iso-

tactic with [PheC][B(CeFs)4] cocatdyst). In the latter case
a subsantially lower activity wasfound, andthe effect on

the molecdar weight is somavhat ambigwus (broad

MW D)4,

Recentab initio calculaticns on the cyclopenadienyl-
amido titanium catalyst with a methyltriaryboratecoun-
terion have shown that even with a noticealbe cation-
anion interacton olefin insertin can take place with a
reasmable activation barriet®. Other calcuations have
shown that the transition statefor hydrogen transfe to
monomer (the dominant chain transfer mechanismin
thesecatalysts) occupiesmore spacein the coordination
sphee of the metd thanthatthe transition statefor olefin
inserton doed®. Thus it is possble that cation-anim
interaction,by crowding the metal cente, can disfavour
chan transfe relaive to chain growth. In this way
increasd cation-anim interactionin a catalystwith a
steiically lessdemandng ancillary ligand canleadto for-
mafon of a polyme with a highermolecula weight. We
are presentlystudying waysto testthis hypothesis|If this
were correct,it would provide a means to increasepoly-
mer molecular weight in sterically unhindeed catalyst
systens through tuning of the complemertary anion. It
may be noted that in the stericdly and electronicaly
more encumlered metalloene catalysts an increased
cation-anion interaction usualy leadsto a deceasein
polymermolecula weight".
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