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WD 2008/ 006636 PCT/ EP2007/ 054580 | Process for

preparing polymers from 3-net hyl but-I|-ene The present
WO?HQ@H@@@% relates to the preparation of polymePGTi$2Ag7/054580

3-nethyl but-1-ene as a conmononer. 5 3-Methyl but-I-ene

is a frequently used nononer Iwhich is used to prepare

copol yners and bl ock copolyners, especially those of

et hene or propene. Such copol yners or bl ock copol yners

Proce oD Srt15he §AVmEXABHE nihfIbREYGG 11 e or i bers.
- UescrTpes the preparati on of a propene

pol ymer conposition (polyner blend) which has a high
nmel ti ng point and which is obtained by polynerizin

- The prosgatnipveriton rekes &y gte prgpatiation of pobaies yisingatrenethylbut-1-ene as a

bsgquent |y pol ynerizing propene. DE 31 46 568
scribes the preparation of polyethylene which may

conprise up to 0.2% by 15 nass of 3-nethyl but-I-ene.

The catal yst used is a chromumtitaniumcatalyst. US
3-Methyibut-lso® isde deaprenly wied perqragravhich isfused ke peepare copolymers and

rs.which rise.up to 10% 3«.net hyl but - | - ene.
bloclgﬁgé%gg?egf, fg?ecba%fézg Séa. oz e%ﬁgppg&opg%engg@%%g?ﬁner.s orbiSck copolymers
can bRIudEd, iyl Suaes td prevdémhiyyralbed num and  titanium
tetrachloride. In US 3,787,323, a titaniumcatalyst is
i kewi se used to prepare polyethylene which conprises

10% 3- net hyl but - | -ene. 20 Pol rization. usin
7P OR B 5 AetS B BRSOt e POPE G QpRyioR PEhymer blend)
whick @894 8igh rhéltihs pbine bef #hRhaAS obakie8 by pRiyrhdiit TaRMylbut-1-ene over
_invention to provide an alternative catal yst” systéem
a titapiaiceatdlyst eud selisequehtly polymepamgrpgonsnkyner s or
copolynmers of 3-nethylbut-1-ene. 25 In recent tines,
the polynerization catal ysts have frequently been .
DE 31 "5 863\éseHbEaM@ pr&pheatoRedyt Sl @iéneO% RIASnay Binprise up to 0.2% by
best - known catal yst's of thi's type are netal’l ocene
mass dt3aingthybutrhienh. Thavatalystoiseg ¢ opbronaidireitghivgr catplyst. DS 3,661,878

00 52 162 descr.i hes the use of netall ocene t st s
deseritg BB Of SHFTEROBFISS SFHoCO TS B0 ok ethylbut-1-ene.

al ' € Pl diraz i :
The SRRSO SR iy M i 0y

com
-ae

- titaniwet ttfacidende. clat &ISy 17873234 hetipaiumrentatyt iionikefvise used to prepare

| efins. US 6,531, 554 descri bes
polye&y?ene which compr15$es up to 10% 3-methylbut-1-ene.

Polymerization using heterogeneous titanium catalysts is relatively complex. It is therefore an
object of the present invention to provide an alternative catalyst system which is suitable for

preparing polymers or copolymers of 3-methylbut-1-ene.

In recent times, the polymerization catalysts have frequently been those which have
cyclopentadienyl groups. The best-known catalysts of this type are metallocene catalysts which

have two cyclopentadienyl groups.

DE 100 52 162 describes the use of metallocene catalysts for the polymerization of olefins. The
monomers used may also include ethene or 3-methylbut-1-ene. US 2003/0092925 describes the

use of particular metallocene catalysts in the polymerization of olefins. US 6,531,554 describes
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WD 2008/ 006636 PCT/ EP2007/ 054580 2 the preparation of
netal |l ocene catal ysts and their use for the
WO Z&0R6P%at i on of " al pha-ol efins. WO 2005/ 070F&L/EP2007/054580
descri bes a catal yst conposition which conprises a
plurality of netall ocene cofpounds. The catal yst
conposition can be used to prepare hono- and
copolynmers. 5 US 5,703,187 (The Dow Chem cal Conpany)
i . - Er
the pEFRCHONTE et RLRERS SopBSis BRERRAL IR, PP YlRhErzdteR Brabha-olefins
WO 20051100177 desveibad a catalybtecommaitmnyeliichvbomprideas purality of metallocene
substituted or unsupstituted cycl opentadi enyl grqup is
compeyads. The ceialysteomppsition canpeissdda Pecpers Rpsas agd copplyagise
type are used for polynerization. The nononers used
may, for exanple, be ethene or 3-nethyl but-1-ene. US
US 20033801052 530w etehiifg Cdrhgand) desdkpo® b ipgédes® forOfreparing copolymers
al pha-olefins, in which a nmetal conplex catal yst which
from hegs olgfincand d ésrically dvinderqsh giylifeni¢ imengmes inswhich gsmetal complex
. 53 descr.i bes the, preparatjon of. .
caratfig SR RS SHRTHHS R L Bp BT Sk loBthlieme, wppe is vsed. n U

6,07 26642 nysihi fi &t 412196tk G tBe REha i RCEBuse FOCHE15REriMtionN ThaSnonomers
only one cycl opent adi enyl group. 15 None of the

used ghaE daewraBpled bdodbenenes 3arghylbnt1-gneleder 2B 10ARS2 describes the

reparation .of nmer.s onpri si ng, 3-net.hyl byt.- | .
ol RGRRO bF Bl BRI AR  WERTE A B oo B R CApet which has 2
cycloﬁirﬁédi&@‘l‘ QBI%P risianewadd asedO ©$ i 70ma/ (86248 describes the preparation of
tal | ocen-Kat al ysat oren” [ Copol ynerization of ethene

homogalymersr ¢apalynyersl exvablgrh copbbiiens thy cp@ysieuded bding a metallocene

net all ocene cat al ysts .nken Beulich, University of
PfeC“ﬁ&ﬁBV&chﬁ?ﬁQE& 0&]§§X’$1|° Jergadtl?fg'?gf)oﬂilgl yneri zation of ethene

wth a wde variety of different olefins. One

copol ynmerization described is that of ethene with
None3eighchpfdsementionné . doThmentat edpjisitly desscbeh e poapatatien of polymers

copolynerization of ethene with 3-nethylbut-I-ene are
COmPPﬂggé'éﬂﬁgﬁlﬁH%i'eP?vezc( 3-McCp) (Fl u)] Zr C12 and
[ Me2Si (Ind)(Flu)]ZrCl2. Further suitable catal ysts or

el se 25 process paraneters were not specified. It is
The theeis efComlaneridajiect vaaf Ethen pmds etetis¢hneaspridnvolden Olefinen durch

v S LSS5 o S4B comastinggerios v
e PSERAURES Bl SRRV, LR AT 085 s o
copolghergtdiieon eofagthérer withoperide whiieth afodipfeieae olbfihst Ond Gopolyherization
descriggd is that of ethene with 3-methylbut-1-ene. The catalysts descﬁbed for the
copolymerization of ethene with  3-methylbut-l-ene are the  compounds
[Me,C(3-MeCp)(Flu)]ZrCl, and [Me,Si(Ind)(Flu)]ZrCl,. Further Suitable catalysts or else

process parameters were not specified.

It is therefore an object of the present invention to provide alternative processes for preparing

copolymers comprising 3-methylbut-1-ene.

It has now been found that, surprisingly, a catalyst which has at least one cyclopentadienyl

group can' afford polymers of ethene and/or propene which comprise 0.1 to 40 mol% of
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V\D 2008/ 006636 PCT/ EP2007/ 054580 3
-nmet h but -l -ene. The present invention theref

WO%‘PQW@ 6a process for preparing copol yners bd’é%HEB%OO7/O54580

et hene and/or propene as a nononer and
3-nmet hybut -1 -ene as a cononoBer, the proportion of the
5 3-nethyl but-1-ene in the copolyner being 0.1 to 40
nol % which is characterized in that the
§ ol zation is performed in the presence of a
3-me e % he Formula (Cor) (V) MOXOm Y Cps \ (3)m
where Cp* = group of the cycl opentadi enyl type,
sel ected from substituted and unsubstituted to
The Ripeand W‘g@} g@q ore; mg@ﬁw a pfqge;;safﬂ; PETHAHBES ﬁ9}polymers based on ethene

r Qf Y r.ou Y = 0
and/o?ﬁntrglgéﬁglag pa!eﬂjtghgﬁeny ? )}%éetﬂﬁ)rugﬁec ga ?c?)nr]ﬁmsou er. {ht%tﬁl eﬁgrtlon of the
-meﬂfyﬁ)uﬂflséﬂéfihIth&b@iblylﬁw&kigeﬂtl&dléﬁ)rmbl%,l WHiehyd charactenzed in that the
t et rahydroi ndenyl , octahydrofl uorenyl and fluoren

- copolymstigafionds perdprmsdiie the preseacqpprtapHoAhe fagnip (€p éﬁﬁ)M(X)m

phosphorus, oxygen or sulfur and up to 20 atons which
are not hydrogen, where Cp* and Y may be joined to one
anot her covalently or via a Z 15 group, X = in each
case independently a hal ogen atom a pseudohal ogen, a
hydroged atom a silyl group, a phosphide, a sulfide
or anOrganic radical and m= a nunber which is
fcient to saturate the valences of Mwith the X
n al um num or boron-conprising conpound as a
lyst, with the proviso that, when the 20
proces% gs a process for preparing copolymers based on
et hene¥asMa nononer and 3-nethybut- 1-ene agd is
performed in particular at a tenperature of 30C the
where Sﬁwg@upfoftthmcfmmtadidnyl typedselestadafrom substituted and unsubstituted

2C( 3- M u Cl2 qr Si ( hnd) ( FI Zr C12.
Cycloxlsr%%a ééﬁ@on?yfa ﬁ’%“%‘ﬁ“’idﬁﬂﬁm?‘é%%é%f}% a%@f %%1#% F@»&raoupa
=W [ b s r -
¥ =GR SO Elope TR ey, sERES i, SmERBN AR unsubstituted
cyclopargaiertyl,amdangly rtétrebrydrobndenyls , octdhydrafiuopnyt iand ﬂ)tﬁoréﬂ}é groups, or
| ncorporated 3-nethyl but-l1-ene is 0.1 to 40 pol % and
anionien BeRng B PYRrEPNIRREIS BT8R MIOSHSEISPCFY 2200 1§95 48810 to 20 atoms

which are not hydrogen, where Cp* and Y may be joined to one another covalently or via a Z

group,
X = in each case independently a halogen atom, a pseudohalogen, a hydrogen atom, a silyl

group, a phosphide, a sulfide or an organic radical and

m = a number which is sufficient to saturate the valences of M with the X, and

an aluminum- or boron-comprising compound as a cocatalyst, with the proviso that, when the
process is a process for ﬁrepéring copolymers based on ethene as a monomer and 3-methybut-
1-ene and is performed in particular at a temperature of 30°C, the compound of the formula I

used is not [Me,C(3-MeCp)(Flu)]ZrCl, or [Me,Si(Ind)(Flu)]ZrCl,.

The present invention likewise provides a copolymer which contains 3-methylbut-1-ene as a

comonomer, which is characterized in that ethene or propene is present as a further monomer,

the proportion of the incorporated 3-methylbut-1-ene is 0.1 to 40 mol% and the copolymer has -
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4 a nelting point of belowroomtenperature to 130C

referably of roomtenperature to 130C, and which is
WOSB@%@Q@%% in particular by the process accor digEP§007/054580

the invention. The process according to the invention

has the advantage that it is4possible in a sinple

manner 5 to prepare copol yners of 3-nethyl but-1-ene

with ethene or propene. Depending on the process

L £ai ! .

o e ol O el o B MR a1 P, RERRILID Rl BiBeragye 0 130°C,
and whieh xootogicdbierarpaptlicudiribgriRe process apeitding G eligvntionm

tenperature, or else those which do not have a

melting point but rather a glass transition

T A TR N

to prépaad codoliendra B8 Sndhylbire] -o®d @ith BSHE6r @%ﬁéﬂbe Dep@linyd'®i the process
can be set in the <case of use of 3-nethylbut-1-ene as

condiioppnenpeniarers che b3- ofteingd hkich heyee mediing pointsewhiph wnge from the

.conon ro.for th reparation of copol rs wt
melt G FRRR R o, Famepety B BF Bet P AonFRe B KD bl Remeragure, or else
thosea®Bich Yidl o Ihaye HIB&ltind\poidt beSHkHer Af glhlQransiBoR temperature. The molar
3-nmet hyl but-1-ene as a conononer, 15 only one v
mass ©f theropelymeesad edjustable oyens witleitasgeead of the nul titude
of conononers customary to date. In conparison with
1-butene as a conononer, in the case of use of
By vistueRif e Rt thht @R, raBM8 b1 thdnblal inths§R| Flthd E5gWYm&E can be set in the
i ncorporation of the conmononer is sufficient to _
case gt hpeve 3trhethylbulet+ng asfa cor@nomer,ntbe t3-mgthythuhd -edesiandy used as a
for the preparation of LILDPE (desired nmelting paint.of .
comopPiSB 1ot B GRebartisth of SPBBeTE VAR P CTpEIeg e, dir Hhieh differen
comohoREEeRE tipicAlPisc@POd ¥ iRt oTTRE L&Y ofMhREhylbut-1-ene as a comonomer,
incorporationrates are sufficient in thée case of use
only afe Gnmetomer batds|to dretdared asteiae v thehmultidsieraf domlopvmeismystomary to
d of the nmelting point. 25 The process according to the
ate. i nyention, in which 3-methyl but-1-ene is used as a
conmonorer, also nmakes it possible to obtain
copol ynmers whi ch have a narrow nol ar mass distribution

In compagpsoneslith G-mxteneesstd coradbnomagrpinytie rcasenbfl ede @l Pnetiofianddene, even

W th Ziegler-Natta catalysts. The i.ncorporation, of .
half (. meleniprBe) of|incomeoraten of s sPgnomerdhsutficispigiRgehieve the lowering of

e B Ol T AR By s o LD

approx. 105 to 115°C). Even in comparison with 1-octene in the copolymer, smaller molar

incorporation rates are sufficient in the case of use of 3-methylbut-1-ene to achieve the desired

lowering of the melting point.

The process according to the invention, in which 3-methylbut-1-ene is used as a comonomer,

also makes it possible to obtain copolymers which have a narrow molar mass distribution

compared to conventional copolymers which are prepared with Ziegler-Natta catalysts.

The incorporation of 3-methylbut-1-ene additionally allows a higher strength of the resulting

copolymers to be achieved.
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5 The process according to the invention and the
groducts prepared with it wll be described b%) mag of '
WO 200911683 her ei nafter without any intention thattGIHEP2007/054580
invention be restricted to these exenplary
enbodi nents. Wien ranges, gederal formulae or conpound
cl asses are specified hereinafter, these shal
enconpass not only the correspondi ng ranges or groups
The @{OF&Q 'Eg@df@iﬂg o twé"i'crj;%ht EarldEAL bR %ﬁh&gﬂ &{% it B §Qcribed by
sub-ranges and sub-groups of co unds ich can
way be eabrhplenigdleibyfidr alithignt canly intedhtivn dhiatl the dhuesion rengssicted to these
or conpounds. In the process according to the .
exemplye FEIbAgeHEs. ¥ bpnrangss, csporl fsmailasaareepnppupd (slasees are specified

. (o) - -].-
s s Ohen RPN O DTS BB FAL RS 4 8082 Bimpouncs
which BretiiéntioaB® byl itlyosit Aol lub@arfds il $ab-goepesfabhipolnds which can
to 36 nmol % the copolynerization is perfornmed in the
be ohpoeihiciakio ot BAIARA VBPs EMECPTOImROWTS) (V) MX) M Y
Cps \ (XYm where Cp* = group of the cycl opentadi enyl
type, selected fromsubstituted and unsubstituted 15
In thE YeoRBEMREUIBNY thd RARANGn fdrepre &potlenytd based on ethane and/or
oct ahydr of  uorenyl and fluorenyl groups, Y = group of
propemh eas e nspemen dindn pimethjuit- 1seice 83 e comonemerhsthe t propertion of the

n substituted . cycl ope i enyl , .. ndenyl
3-meft il AR e PO BRDE L 1t PRI I Pebn g 36 mol%, the
copol§feHP&iondE perddthRiif tHel [FaRdcIb LUt AR batHl B [CHRYEIM(X).,
phosphorus, oxygen or sulfur and up to 20 atons which
are not hydrogen, where Cp* and Y may be joined to one
another\zovalently or viaaZ 20 group, M= netal of
group to 10, with the exception of scandi um
preferably of group 4 to 6, or of the |anthanoids, of
pﬁJma eriodic Table of the Elenents, X = in each case
i ndegendently a hal ogen atom a pseudohal ogen, for
exanpNe a cyanide or azide, a hydrogen atom a silyl
group,(ﬂ)ghosphide, a sulfide or an organic radical
for exanpl'e 25 an alkyl, aryl, amde, aryl fxy,
al koxy, acetyl or acetylacetonate radical, in
particular an organic radical which has 1 to 20

wher® 8P g RLE Bt th L1 e AR PRBE S el F5a RBE40eR80d unsubstituted

cyclopentadienyl, indenyl, tetrahydroindenyl, octahydrofluorenyl and fluorenyl groups,

Y = group of the cyclopentadienyl type, selected from substituted and unsubstituted
cyclopentadienyl, indenyl, tetrahydroindenyl, octahydrofluorenyl and fluorenyl groups, or
anionic ligand group containingvnitrogen, phosphorus, oxygen or sulfur and up to 20 atoms
which are not hydrogen, where Cp* and Y may be joined to one another covalently or viaa Z
group,

M = metal of group 3 to 10, with the exception of scandium, preferably of group 4 to 6, or of
the lanthanoids, of the Periodic Table of the Elements,

X = in each case independently a halogen atom, a pseudohalogen, for example a cyanide or
azide, é hydrogen atom, a silyl group, a phosphide, a sulfide or an organic radical, for example
an alkyl, aryl, amide, aryloxy, alkoxy, acetyl or acetylacetonate radical, in particular an organic

radical which has 1 to 20 carbon atoms, and
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6 in a nunber which is sufficient to saturate the
val ences of Mwith the X, and an al um num or

WOBBPHA0GShpr i si ng conpound as a cocatal yst, wi tFCT/E82007/054580
provi so that, when the process is a process for
preparing copol yners based or et hene as a nononer and
3-net hybut- 1-ene and is perforned in particular at a
tenperature of 30C, the conpound of the fornmula | 5

o~ B AR SR

an a]l&frﬁﬁlﬁﬂi o1 borbheodpiicthy 3bmﬁ6uﬁdn% 4 esomdllyat, lwith the pfods®ihag when the
present are preferably the same. As the netal M the
processve Aprasessclr @rﬁygtmga peiodyragss Paged gy §thens aza mqponggr apgt 3-methybut-

L-eng AR IR EEs SRk I sr iR A AR 5k Elboundpr he formula 1
usedflb wef WIM%C(W@(E{)?(FT&)\]ZMIZ oP PME}SiHh@XFlbﬁZﬁtIKYWhe@EﬂGre than one X is

al kyl ary aral k or sil radi cals. Preferred
presentfys thet cataiyss OérﬂE ﬁdnlnyla L 11®e Kagioupd Bresemb areep«aﬁpabéy the same. As the

th tert-but
metabRb e iERt L e PR R b SESioh S hefiggnts on the
cycldf@nﬂaﬁi%n% ﬁﬁi%ﬂﬁete@tfahﬁﬁﬁﬁ@ﬁaﬂ S&ct&l’fgdkﬁﬁmrefn?f md ﬁuorenyl groups may in

,,, (conmpoun
partwlﬂarv\he (ali(yl:petryl ‘ﬁlkyMrylx amikiyh or abé redic#ls. aEreMeldrfelbstutnents are alkyl
. for | and Z ron a ou ich conprises an
radicel b RIS G TRTGToPTr Bt PO E0RaB e of 'L he
El ements and has up to 20 atons which are not
hydr ogen atons. Preference is given to using a
Prefecatcaliy $ivenntowrrohmihgi the &oﬁﬂ&ﬁ&ﬂzqiamuim the meseBcdR@R3B catalyst of the
and R3 e the same or different and
forfmg\l@?@a&\e’wgﬁ oBeunddd) ar onati ¢, aliphatic-aromatic,
aromatic-aliphatic or aliphatic radical. Suitable
aromatic 20 radicals are al so heteroaromatic radicals.
TheZ atiphatic radicals present nmay be |inear, branched
cyclic aliphatic radicals. The R2 and R3 radicals
are re preferably Cl- to C6-al kyl radicals,
Cpesp ially methyl or ethyl or phenyl radicals. In the
copolyneri zation, preference is given to using only a
single gﬁnpound of the formula I 25 or, if
appropK a racemc mxture thereof as tqe
catal yst. WD 2008/ 006636 PCT/ EP2007/ 054580

in which Cp*, Y, M, X and m are each as defined in formula I and Z = boron or a group which

;_,.1

comprises an element of group 14 of the Periodic Table of the Elements and has up to 20 atoms
which are not hydrogen atoms. Preference is given to using a catalyst in which Z is a CR’R®
group or an SiR’R> group where R* and R® are the séme or different and are each hydrogen or
an aromatic, aliphatic-aromatic, aromatic-aliphatic or aliphatic radical. Suitable aromatic
radicals are also heteroaromatic radicals. The aliphatic radicals present may be linear, branched
or cyclic aliphatic radicals. The R? and R® radicals are more preferably C;- to Cs-alkyl radicals,

especially methyl or ethyl or phenyl radicals.

In the copolymerization, preference is given to using only a single compound of the formula I

or, if appropriate, a racemic mixture thereof as the catalyst.
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7 In the process according to the invention,

reference is given to not using those conpounds of
WOE‘P\(@/@W%I a | which have an anidine group or d’CT/EP2007/054580

derivative of the am dine group, especially those as

described, for exanple, in U3 20 04/0 1 8 62 5 3, or

whi ch have an aryl radical attached via a chain

having 1 to 3 carbon and/or silicon atons with a

In thé ﬁ %&?@g@? n%gﬁlthfg feay é]hiﬁeg%rg&;eﬁlg Igﬁ%ﬂ b ?Aofg)\?sglﬁ%&l%@éompounds of

the fsmlnﬂ& iItwiiield hbye am anﬁdhiie ydupQsTodl Peri i@ € f Al ¥mBM&C floyip, especially
one_ al kenyl group, prefer able/ an_ al kenyl Iglr oup havi ng
those5ast @sc@e@afqgma@pm USn04/0186253, or which have an aryl radlcal attached

vin, L5 Sl 754 SR UM R ADnUOHE R CEREAEbY group, as

describé@' @p;%ﬁ@ﬂmeﬂyt]sgs S3NS5AMYr Gihidh @avd bR GR@shyY ERdup substituted by an
bri dge conposed of a carbon atomto which are al so

alkenyb geowg, prefasainty eandtly Qn@sdk@nyé@éulphwamldww@raﬂmyl amuo dlaving 5 to

xRt PRIk ASOPE PR S R s
200383 055553 lok: R e Ba‘ﬂ;afvtfd %;’dl%!enkd&%l Srdipe vitéh aR' attldh&dvia a bridge

are [KMe2C(3-MCp)(Flu Cl2 of
comppmizsf elcnrbppl:atczr)i] tZr\@hlzh apes alde bondddeal tgrmindlly urisatyiated hydrocarbon

radlc%lr?gg 1?%;8%%1% r}g g)glrﬁgﬁgr\é{ 12&5.2)@2/9092925 or which have more
than @{ealﬁﬁ toe[t@rﬁ asl THEGRPBR Uk C}B’hﬂl&’ﬂhﬁ’ elﬁSUS’ 6’672‘@@“6@ which are
pages 188 to 204, or in Kam nsky, 1.

[Meze@Meap)(Fmﬂfacm of zéMe®S1(Io«ﬂ)(Etubilén@Izw o @ysﬁnbcd arid the thesis

“Copglygetisaeo 55 Bet) wid RAFEribEePaYaNE: GUBTRe Eg Metalocen-
Katalgfgh?orgﬁ)c URRBE SBABRL] Uigerand OYOHSIH&'H% ‘]\:9@5t ePiges f@ge to 204, or in

al um num conpri si ng conmpounds used may, for exanpl e,
“W. Kemniaslkgya no dBemhichu (ﬁop@_l@meum;tmmn df Etldme Wﬁho(ﬁycdmnmd Qt}mg Sterically

ds, used may,_ for exanple e . .
Hind GG DT 2 AT AT SOFo U e LS op BT B BT §s made expliciy to
the dcﬂchh%éé%lrﬂ Hé@gﬁf‘tot Hodhum al kyl's or alum num al kyl :
e or ganoal um num conpound used i s nore
preferably nethylal umnoxane (MAO . The preparation
of al'um noxanes can be taken, for exanple, from US
The ZhPYYUHRPIANSIN RIFRYPOG 7useds M2Y0 380 SagRBleor bausprgancaluminum

A1 |y
compguity TREBors oo Prbiny SEhBRuARTLPORNE Hr bhulPle beliBudy dhe organi
alumi@ @Rt @&podhdd hﬁadpz[r@ $eeferabVaRY bRmindNages, Rhapiatat A1Ryls Ok aluminum
sui tabl e al um num al kyl corrpounds can be taken, for

alkyl &rlidgst dheforgaroaimigumo@mEnd \itsed dés sme @referablyamethylaluminoxane
(e, BRI Akl L AL RO 637 s B, 050, wo
2005/078E7088 (0B £0929ECbrads 8l0w$ 583 Qfr bl f AHAIBedusBNE US 4,542,119,
whose contents shall be included in the disclosure content of the present invention. The
preparation of suitable alu:rﬁnum alkyl compounds can be taken, for example, from US
5,703,187, whose contents shall likewise be included in the disclosure content of the present
invention. The document US 5,703,187 also discloses preferred catalysts of the formula I and
their preparation. The document “Copolymerisation von Ethen und sterisch anspruchsvollen
Olefinen durch Metallocen-Katalysatoren”, Inken Beulich, University of Hamburg 1999,

likewise discloses catalysts of the formula I. This document, in particular, also discloses
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their preparation. The document "Copolymerisation von
Et hen and sterisch anspruchsvollen 30 A efinen_ dur

WO RROHPPMBEN- Kat al ysat oren”, |nken Beulich, Uni \?@yﬁP9007/054580
of Hanburg 1999, Ilkemnse di scl oses catalysts of the
formula |I. This docunent, in&earticular, also
di scl oses WD 2008/ 006636 PCT/ EP2007/ 054580 8 suitable
preparation processes for catal ysts and cocatal ysts,

i S L I0E5 0, B LOCIEORL PRI v i

the copolymersdiThe bmteme of (1§ éodument shiddlealgay b oluded ethieidiselosbre content
The catal yst of the fornula | can be obtained, for

of the ReesentanveBjioR-eact i ng a netal compound MXm+2 where M
and X are each as defined in formula | and the nunber
of X'is sufficiently large that the compound MXm+2 is

The AtEIGET dCae! rieltl 8dn B bbtathed RrOdxathp¥) ibyMreh@mgada metal compound
di anion of the fornula (Cp*- Z-Y)2- or successively

MXuf5 sihgresnieands X e pacéuas dﬁftnlfrd c@ﬁ@m}m}, aphitlehnimabes of X @psufﬁmently
d 0 ffe
ey Gl 95Ty it €8RS A i )l e iton o

the SMMLES*-2LY)*S 8f Y@tbssieX} {—é%@&en@@ he Besie®) WiBchml Bunds which have a
relation to tﬁe reaction. Preference is given

Cp* gfibeend mY anbh@. reaction in a sol vent which can aI so be
used in the polynerization. Particular preference is
given to effecting the reaction to obtain the catal yst
The EE‘actti(ﬁ? id fogeﬂé@pfeférﬁbISf%%? RSlvedt MHk RBRZ8RGused ]r§a§bH§ a€solvents or
or xylene or mxture$S thereof. The reaction to ‘obtain
solveat paxtatoy sthidf arehgert mwlﬂtlanlto lthvﬁ: mhdtoot Betfqrersfcas glyey to effecting the
nert

an .inert. gas sphere.
reacti3 ings ShyPhe. WHIER FOR RO Wtlol \hpPehBrsisadity & aphtpls nrgfecence s
glvenetfof GfLLiRg tﬂer}%adft%ﬂCtB 'o@fhﬁ%heacatta(gfg? SF HeUboim@h 119 Qolh@he ethylbenzene
50C, preferably at - 0 Compounds whi ch” nay
butaﬂeamraybndommn)dmesthdrm formula (Cp*-Z-Y)2- or an anion
Cp* or Y may be, for exanple, the corresponding
al kali netal or alkaline earth netal corrpounds

The fegr@ﬂﬁ%rf)to ﬁggdéxipelé%g@?t b%}?&%&ﬂ%ﬁ%ﬂé é‘t%;f@ ﬁ%fe%bl& & an inert gas

atmodthefep 'SuZadi}y indrt Gadespite, Zof():xaﬁplbhﬁm@gérp otlaffeonWhtefdrel@ve given to

a dianion of the fornul a % %\;_) The corrpounds
effectipg thg repgtien atp Epsratuspof o‘%O to 18836, pr ﬁrab%ﬁﬁp?(éto 19eC.
compounds

Compounds which may have a dianion of the formula (Cp*-Z-Y)*" or an anion Cp* or Y may
be, for example, the corresponding alkali metal or alkaline earth metal compounds (salts).
Preference is given to using salts of the formula Nay(Cp*-Z-Y), Ko(Cp*-Z-Y), Lio(Cp*-Z-Y),
Mg(Cp*-Z-Y) or Ca(Cp*-Z-Y) as the compounds which have a dianion of the formula
(Cp*-Z—Y)Z'. The compounds which have an anion. Cp* or Y may, for example, be compounds
of the formulae Nan*, NaY, KCp*, KY, LiCp* vor LiY. Reaction of these compounds with a
compound MX+, affords the corresponding salt cationX or cationX, and the catalyst of the
formula I. The salts cationX or cationX, may be removed before the further use of the catalyst.

If the salts precipitate out as solids, the removal can be effected, for example, by filtration.

The catalyst of the formula I can be prepared specially as described above in a preliminary step,
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of the fornul ae NaCp*, NaY, KCp*, KY, LiCp* or LiY.

Reacti on of these conpounds with a conpound NMXm+2
WO 2948506936 he correspondi ng salt cationX or catifniXEPAPRY/054580

the catalyst of the fornmula |I. The salts cationX or
cati onX2 maybe renoved beforé& the further use of the
catalyst. |If the salts precipitate out as solids, the

renoval can be effected, for exanple, by filtration.
or o808 L8 Gt ind Gl b S8 e RO st it e
polyR&ti00 tHRbfonadd. EP2007/ 054580 9 or el se be prepared
directly and if appropriate in situ in the reaction
vessel in which the polynerization is perforned. In
i o B EETRRS LI LR, AUl KEDI s omed prroraly a a ot
ratio loftrh&@aloM BEHR| caMigdt dfhRe Fodnally Ittofluthid@nd 6f tel @chtalydt of 1:0.1 to
al um num of the cocatalyst of 1:0.1 to 1:100 000,
1:10:0Q%k, erefbrablydf 111 1o 16:59 @08 amd maora meaefpisbly ¢fr i@} topl ¢S5 80 and most
1:100.to.1:- 25 000 and nost preferably of 1:1000 to
IHQ&Tﬁkba%ngkﬁﬂgéﬁg st and catalyst of the fornmula | can
be fed to the polynerization vessel together or to
separately. Preference is given to adding them
Cocataiystiand ebiplysPaf thecforranlaph ednebe fiesetol the giolyamerizetiplovessel together or
erfqQrm ng any.prepolynerjzation., The copol ri zat.i on
separpigly, BrqigE et e 4N BEdhEn seRarghn TR Brefsrolig ip gfven to not
perfoﬁﬁﬁlﬁg%§\?{«ép0%e§izaﬁ@{_ar rati o of nononers (unused) to
catal yst of the formula I of 1 x 1010:1 to 100:1,
preferably 15 of 1 x 108:1 to 500:1 and nore

e BELRLRN Ol B A0oA0ED ot BELREGHR gy

molalgtreaéig QF hBRErd (Ankded) o c%ﬁl%t oPRRBrla 1 B 1 Re1 385 tPIGP £ preferably

erence Is given to effecting the copolynerization
of 1 % 103 1hie 300dudnd meuk pseferablyrdd shi@fhleto 1060ilvi ti es are
achi eved and a nore uni form polyner is obtained. In
addition, 20 a carrier is required in the gas phase in

I I o S . .
In théagl"g)lc%g %P%&fg%g té g{éalgs%lﬁ%ﬁgﬁg g%udggaﬁrg%htﬁéﬁg@l cahBellerfofRY Sfihe llquld
phasecarpil thepné phdse OPrefeenperit @ivendoi affectits freaspolymenitzation in the liquid
sol vent. The solvents used may be all 1iquids whjch o
phasep e/ Bigheractivijics areraghicreshbidampre yfosn polyingrigobtamed. In addition,

a carrgeirr \?éé Iﬁeaﬁlr&f: ﬁQP% it;&gphta% #}Ee 'cga/(ﬁ L tio ,.rvgl]%ig}l.rl ﬁ@é‘s?olir Has to be removed

O per mmng t he copol ymert zat’
again. : '

It may be advantageous when the copolymerization is performed in the presence of a solvent.
The solvents used may be all liquids which behave inertly in the copolymerization. In the
process according to the invention, preference is given to performing the copolymerization in
an organic solvent selected from aliphatic hydrocarbons, for example hexane, heptane, decane,
butane or cyclohexane, from aromatic hydrocarbons, for example benzene, or from
hydrocarbons which have both aromatic and aliphatic constituents, for example toluene, xylene
or ethylbenzene. It may be advantageous when solvents which are suitable for dissolving the
catalyst of the formula I are used. Such solvents may be, in particular, for example, benzene,

toluene, o-, m-, p-xylene, ethylbenzene, butylbenzene, mesitylene, hexane and heptane and
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an organfc sol vent selected fromaliphatic
hydr ocar bons, for exanpl e hexane, heptane, decane,

WO BOASARE636 cycl ohexane, from aromatic hydr ocar BSHEEP2N7/054580
exanpl e benzene, or from hydrocarbons which have both
aromatic and aliphatic constiduents, for exanple
tol uene, xylenc or ethylbenzene. It may be
advantageous when sol vents which are suitable for

naph la 6%18 Ll\éx: tgg {o%gss a%c%ra}n%l t4 %llie ﬁzlt('eﬁtpq% %Qﬁl?ﬁiala%xjefe%q%e Yo g%n to using a

solvelﬂemajﬂai ﬁoﬁl%maﬁrﬁ xyRne, Iﬁxanepbmyh@m heﬁtdﬁyl benzene,
but yl benzene, ne5|tylene hexane and heptane and WO
2008/006636 PCT/ EP2 007/05 45 8 O 10 naphthal ene. In

Rrocess i n ntion articul ar s

In thi oL RERTRE IF Ui, Hlah it ffe SOV iR 3R B aBiforme withim o

wide! RItHRERureX ¥AnBBe Prétereade is bivaneao ap&f&ﬁﬁﬁgartﬁe dopolyiRrization at a
process according to the invention,

temperapuot ¢He30PE 40 260 hpyefereblyent famﬂrnmiawetdf 19 ta 126°Gvamtbmore preferably

ot REEHEbInt: DAL Fofh BITUALIA B0/ Arir e BPeBAUE BT e latr two

tempéalire riget, ech@Qbﬁol%eﬁzattﬁﬂpceaﬁ%é"ﬁ&f&fne& QyitiPa é}%%gu?sﬁﬂ/ high catalyst

more preéferably at a tenmperature of 35 to
activipand lpancavenyfecafbmioal35C. Especially within the latter
two tenperature ranges, the copol ynerization can be
performed with a particularly high catalyst activity
I
e b, B PR e PR g Pl Vi at reduced
pressimey stthilad messusdoc el elqyaedspmas,ura;t]aﬁﬁtmnde ps @mmrte performing the
el evat ed pressure. ference i s _given
COPO]QKE‘F%?%% atpﬁf‘és"f(?&ﬁgil% 5@3 ,iPTEIRPLYA1 BIPé"sgé‘ﬂfFé’f 81! tp 1MPa.
to 10 MPa, preferably at a pressure of 0.1 to 1 Mra.
15 In the process according to the invention, the
In thenmbegss prapding ito theahvartior] thy lnbeltr properéonifideethylbut-1-bse monomer

reaction m xture of ihe copol ynmeri zation in the sum of
in the 1eaCtPBTBHENS Oéft 3CqPE qur%feor} in ha gugod ths w&n%mgrﬁ ot 3-methy1but 1-

ene afld SRERE alPpdpe i@sattl %O‘ﬂ-hﬁlé%b?alf 3 tdfosn lbut—l -ene in the
0 SRERS i prtpe AR oy

ene In nononer s I

monoffeed mrta@hﬂxtﬁﬁb 1b@re&?&%1y2|© tb 80%. pr ef erred enbodi nent of
the process according to the invention, the catal yst

of the formula l used is a catalyst in which Cp* and

In a \B(re?r tgl%chﬁmenP ot d[h ?&%n} a@g]o(iidlg tf)e@% n@erglo%u bhe catalyst of the

Fom subst ¥ unsubs

formuly £ usdaein haadia@yy in GhRUIG* MdEN vte GE QikAe 3P Gﬂféréh@ hfdYfe each a group
group, where the substi t uents may in particular be

selected Kipim spbsiifyesd o ungubstibiyfer} exsdonsotadignplugroup, indenyl group and fluorenyl
group, where the substituents may in particular be alkyl groups, Z is a hydrocarbon group,
preferably a CR’R® or SiR*R® where R? and R? are the same or different and are each H or a
hydrocarbon radical having 1 to 20 carbon atoms, preferably 1 to 4 carbon atoms, M is a metal
of group 4 to 6, especially of group 4, of the Periodic Table of the Elements, preferably Ti or
Zr, X is a halogen, preferably Cl or F, and m = 2, 3 or 4, especially 2. The catalyst of the

formula I used is most preferably a catalyst of the formulae II or I
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preferably a CR2ZR3 or Si R2R3 where R2 and R3 are the

sane or different and are each H or a 25 hydrocarbon
WO 2a08/6@463havi ng 1 to 20 carbon atomns, preferabl§CT/EP30a7/054580
carbon atons, Mis a netal of group 4 to 6,
especially of group 4, of thejPeriodic Table of the
El enents, preferably Ti or Zr, X is a hal ogen,
preferably d or F, and m= 2, 3 or 4, especially 2.
The catalyst of the fornula | used is nost preferably
a catalyst of the formulae Il or 111 WO 2008/ 006636
PCT/ EP2007/ 054580 11 Cl Ph, Zr Zr Ph Si ZI 11
V.. Thi s_egbodi ment of the p 5 according to
ally when 5 prop
opolyner ed. The

r@é’/p,r efer abI y WOl

zatlo {/e ;
f‘ﬁ te, a c3

{ncorporation rate
: ence is there
at al ysts of the yula 1, especi al
formula la, in which Y and Cp* are identica
is the case, for exanple, in the conpound of S
formula Ill1. A catalyst of the formula Il can be

prepded, for exanple, as dHscribed in EP 0 351 B91. A

cat,al.yst of. the fornula Ll ca ar.ed
This e)lé%bod mt?nt of IS PIOCESS daclg dgbgdl%e 2 € é?\pegf BRNi %{X}Ted fspemally when

propéﬂé%ﬁﬂ 8-riliéthy1@u( 1980 hreA 36 capiy R OHRAUTHe bzltﬁlyﬁ@ Bf e $OrmRfa IIT and V

obt ai ned as follows: bis(2-indenyl) 15 propane is
may mﬁieprebideedlsq be ghast foyl the chpelymadzatiopraft dhenceandad-mettgdbut-1-ene. For

u-Lj reagtion Xt ure
instait; JogF 2k o PenBeraPUPOTHo SerQRPDISiien Sriyghene allows
paﬂldu%rﬁﬁlggﬂ iRhdritfon ﬂIte’étté‘ b8 abievdd. PhRRuRYBtdlerdhcd 8 Rrefore given to
enperature overnight. The resulting suspension is
usmgaazitbéy;ktst of th€fdrinud Brepaeially af tledformula Ih) movioble YzawdeCp*Tare identical,

fl uorohenzene i s subseque tI nde d out under

as is ?hs&a%eegﬁrﬁ?i@gglﬁr@ theypemp ¥h?gf% uledlk (conpound 111)
is washed repeatedly wth dlethyl 20 et her and
recrystallized from fl uorobenzene/di ethyl ether. A

A cafabist bCtheabtyulpiEfcati e bremiral, or exmpléleasf duseiled th BB 0851 391. A
catalyst of the forrmula VI, which can be used in the

catal)@b@%thy demmula il san be Popatadnpr sremplectredagpribpddyninaleck et al. in New.
J. Ch%? ng & (19@0? R&S! ”Ifhe compound IIT can also be obtained as follows: bis(2-indenyl)-

propane is suspended in diethyl ether and deprotonated at -79°C with n-Bu-Li in hexane. The

reaction mixture is stirred at room temperature for 3 hours. Solid ZrCly is added and the
mixture is stirred again at room temperature overnight. The resulting suspension is added to
Celite and extracted with fluorobenzene. The fluorobenzene is subsequently condensed out
under reduced pressure. The resulting residue (compound III) is washed repeatedly with diethyl

ether and recrystallized from fluorobenzene/diethyl ether.

A particularly preferred catalyst of the formula I is a catalyst of the formula VI, which can be
used in the copolymerization of 3-methylbut-1-ene with ethene or propene. A specific

embodiment of this catalyst has already been described above under formula V. The present
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enbodi nent of this catal yst has already been descri bed
above under forrmula V. The present WO 2008/ 006636
WO BOg9/Be0367/ 054580 12 invention therefore al sd°CT/EP2007/054580
provides a catalyst of the formula VI R2'' \X R3~-T M
VI where T =Cor S, R antkR3 are the sane or
different and are each H, hydrocarbon radical having
1 to 20 carbon atons, preferably nethyl, ethyl or

invex&[g‘:ﬁnt}ﬂarefo?gngghhox%le? G361 sPof AERENHEPE | v a hal ogen
atom a p al ogen

seud , 1'Of "exanpl'e a cyani de or azide,
a hydrog

e om a silyl group, a phosphide, a
sul fide r gani c radical, for exanple an al kyl,
aryl, @@, aryloxy, alkoxy, acetyl or
R2 acetyfa e radical, especially an organic radical
) rbon atoms, preferably d, and M= netal
tey 10, with the exception of scandi um
voup 4 to 6, preferably Zr, Ti or Hf
Qi ds, of the to Periodic Table of the
S tive catalysts of the fornmula VI
ey ably t hpSe which do not correspond to the
# The catalyst of the fornmula VI can be
for exanple, by, as described in the thesis
®r ende Copol yneri sation von Ethen aMd Propen

et ST B o AT AR
havirilgietlh t&3 208 ¥aImRh I hon¥ElRbRABEN MDD Catdl ¥iS tpﬁ]:layl Er&()lifal, X = each

. uer, Kam nsky G oup, University of ° Hanbur
indepgsdanglyt shbalegeangbm, efpseudvhtlagys tfonéxanie haryanile o azide, a hydrogen

first i I . L.
atomy a 3ityl o587 pHOSPbidse  sHideytr o eanis rlisglofor Gxamplargupliot, anv

' amld&'i?%'lgﬁf,zﬂltdx?? heA dr VBB natd PAdcal CAPe2f1PR 84881 BYical of 1 to
initially chargin 0°g of

g 10
20 cazbén dioptd, grefe@bBbr QnatdhM Fermted (fOgrbu® 3ntal 102@ith the exception of

sandh amtaint' E e i PR e B pancid,of e
Bt , : .

Pl P RS LA 0oy RO B Bty s

whicH 88n&4ogkspong to the@®rmdladf. ni tronmet hane. After about

one third of the alum numchloride addition, the
m xture changes color fromred/ brown to bl ue/green

o AL B VIS SR AR 5 BB i i s
“Alternierende  Copolymerisation von FEthen und Propen mit Cl-symmetrischen
Metallocen’/MAO-Katalysatoren” [Alternating copolymerization of ethene and propene with
Cl-symmetric metallocene/MAQO catalysts], B. Heuer, Kaminsky Group, University of
Hamburg 2004 using the example of a catalyst of the formula V, first pfeparing

1,1,4,4,7,7,10,10-octamethyl-1,2,3,4,7,8,9,10-octahydro-bibenzofluorene (OMOHBBF). This

-can be obtained by initially charging 100 g of 2,5-dichloro-2,5-dimethylhexane (0.546 mol;

C8H16Cl12; M =183.12 g/mol) and 45.3 g of fluorene (0.273 mol; C13H10; M = 166.22 g/mol)
in 800 ml of nitromethane, and slowly adding dropwise a solution of 44.6 g of aluminum
chloride (0.334 mol; AICI3; M = 133.34 g/mol) in 60 ml of nitromethane. After about one third
of the aluminum chloride addition, the mixture changes color from red/brown to blue/green

with gentle heating and gas evolution. After approx. 10 minutes, the gas evolution abates and
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WD 2008/ 006636 PCT/ EP2007/ 054580 13 the rest of the
al um num chloride solution is added. The m xture |

WO gpP§/Peap3bver ni ght and subsequently has a dar kPQT/@P8907/054580
color. After filtration, the violet filter residue is
slurried in 400 m of mater13in the course of which
the col or disappears. 400 ml of n-hexane are added and
the m xture is stirred overnight. The remaini ng

the 1@5 Sf Eﬂ hﬁuﬂﬁn %ﬁg)?{d%t s%ﬂxtﬁ?ldmcegﬂgﬁ n?ﬂe \Ml%ttﬁrér%g st?rred vermght and

gani Cc e solvent 1S renove resi

subsé@eﬁﬂWh&@d dirk WiBO0cdTbr. oA frdrofiltrafiotiethangolef ﬁlt&lefesdiuaﬂé slurried in
washed with n-hexane until the filtrate remains
400 mbpbwpies an thetreursg o hiadsthe splea disepnesrsat ] phy-hexane are added and

il- . at.| .. . . .
the s ST e PREGHERhY brcciniate s sepauiing, nd combjngd with the
orgar%iz,%age 14do el iR -is | RdvBENTRE lrekdd@n d&hix@@ewith 300 ml of hot

FS) is prepared by suspending 11.6 g of
-he)(ane,]_ﬁhemd an&wgsheﬂomth n-hexane until the filtrate remains colorless. The colorless

8,9, 10- oct ahydr odi benzof | uorenyl )
promi“ﬁt“né%‘d%@ﬁ OHfRHmP Y?fb‘%?u M= 392.56 g/nol) in 150
m of n-pentane, and sIomAy adding it via a cannula to
a solution of 9.6 m of dichlorodi phenylsilane (45
Subsequehly,C1 2 HtbistcGighenil- % ( 53,421, 7 g 06t octathethyl-1203.4/7chB) 0-octahydro-
150 .and stirrin the
aiverggpiregyitiane, ROETHRS is PlbpSudenrp i dvan ot Sl 4der.7.10.10-
octarﬁé’tﬁ‘yl[ ESh dLUﬁ‘g D3 Otcﬁlfa%?dﬂéﬁl‘deﬁzolfﬁgréﬂyl)ﬁfhlﬂh etﬂ)yrhm%l henopRdLi; M =
tered f Arough Celite. Subsequéntly, +the sol’'vent is
392. iﬁ@{wﬂtm dve mltodi ngisotane, 3Mdrlovalydd@ng it vios cannintaxtarrsohition of 9.6 ml

* of aigiargphengstan (s o i ALRe D) R 7450 ATt 48 20 grem) in

150 Iﬁf é/isili glar?tané And Sirtting %H@ﬁﬁﬂﬂ?é"&le}‘m%ht The solvent is subse(iuenﬂ% removed,

di phenyl - 1-i ndenyl -9-(1,1,4,4,7 , 10- oct anet h
and th8reéjdie 8 @kdrOup 201 3@uhhb1ﬁ/cﬂeﬂ1§ﬂ d:tha:rzanﬂlﬁ]t@reelrthio)lgh IQ&hE Bebsequently,

the sg e tai%ec%nb nﬁgtlf Stgl Iegttg %14 8 3%]: ca ;Z-r g}g%l%ggg)éh% gﬁ? dmxture 18

oA S e LB AU,

it wth 828rTgof |ndenyII|th|um(6 78 mmol ; C9H7L|;v
M= 122.10 g/nol). The m xture is heate under r ef

In tygy  FubsCQHe) y,ar%PfteﬁﬁhHWmﬂl b Lh 19(3@ Qﬁané%hﬂﬂt?e? 4,7.8,9,10-

octahgﬂrt%éigoggﬁg'iut%ﬁe%ggaf ane ésr %a?‘%i %%ﬁ%&[ ﬁ'%l:' %%95”% p&%ﬁlo&édmhenyl@-

(1,1,4407 17610, ero@ihenal .2 BhRE 89, A ectatfdiiibepyucsa@bidilane  (6.78 mmol;
sul fate. Thehioroduct preci pitates out of a solution of

C41EH7REIa Ve <A % $/mebsinof00 m) ef figthybether, aad admjking & with 828 mg of
.. slid.

imderg i (6578 ol O M o171 4. 75 g e bter et
for tehl daks Zind, ther! hdrBlyk&d QLA NVEIO &if RRAGO The organic phase is removed, the
aqueous phase is extracted three times with diethyl ether, and the collected ethereal phases are

dried over sodium sulfate. The product precipitates out of a solution of n-hexane with traces of

diethyl ether as a white solid.

Diphenylsilyl-(1-indenyl-9-(1,1,4,4,7,7,10,10-octamethyl-1,2,3,4,7,8,9,10-octahydrodibenzo-
fluorenyl))zirconium dichloride, as a catalyst of the formula VI, can then be obtained by

dissolving 1.0g of diphenyl-1-indenyl-9-(1,1,4,4,7,7,10,10-octamethyl-1,2,3,4,7,8,9,10-
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30 fluorenyl))zirconiumdichloride, as a catalyst of

the formula VI, can then be obtai ned by dISSO| g
wO ?LOQ)S/%OQQS CT/E 2007/0545 80
d|phenyl-l-indenyl-9-(1,1,4,4,7,7,10,10-octanethyl-

,3,4,7,8,9,10 WD 2008/ 00663614°CT/ EP2007/ 054580 14
oct ahydr odi benzof | uorenyl )silane (1.46 muol; C50H54Si ;
M= 683.07 g/nol) in 40 mMl of diethyl ether, adm xing

: : ; ‘ ey ( o
e GRERIER P 8 pRUCAHESLES WD 2B TIRD in 40mi of
d1eth§7N eﬁhﬁi Oddimixid4 lit MittoR etjuivadentsuof ketutgtithion i (@93 nftho @C4HILI; M =
ZrCl4; M= 233.04 g/nol) are added tq the orang X
64. Ofsa/rrml) oAduhstisFng sthst mlfi@ae REFHEN- ol MBgRE . Zingegium  fetrachloride

(1.46? %F%C l\xrle-'%e&l %{n%w Ny gd&éahtg NRE oxra.gge §£Ltlxlc§ \gﬂlc \}ge gﬁrred again

é precipit e’1s sso

* overntighto@hérkolednt & reflo@edffeinBe trtée réd doletordwith fiseighite precipitate, and

Celite. Subsequently, the solvent is renoved again
the regidpetif élSﬁcé§¢ddme5 (sl off &slipromethanc pod Altersd thoaglh Qgeh@t Behsequently,

the scﬁg% s gn?oevggna%aﬁn arx#ig]i;e reglg cf ssgﬂfreg i %—(? glé Iogld eﬁiyi ether and admixed
with 96 61110F n-heRbRS TEY 81Vt is feﬂfbv@cﬂ adurthe nSxfurd tu@tflQGe®@piectpate occurs.
obtain a catalyst of the fornula VI. 10 In a further
Subsgguehidy, teaiprodibaiad Hered off to hbtammaé@sst at terigivaga V3. t he
invention, the catalyst of the formula | used is a
catalyst in which Cp* is a cycl opentadi enyl group

‘Ma ﬁﬁﬁ&ﬂr@féﬁ%&i eRbodintedt 8f the Préesy alebitirl tofBE Mlen@d) WRScatalyst of the

= a nitrogen- or phosphorus-conprising group,

formyla df wsed s y caralysNiRwhidheCr* Rla cydigpimindzanybgronpdiubsiituted by 1 to 4,
silicon-.co

prefe Bt BB et TR PBoRe hERBRT Gy D, PReerably an

N-R! %@ﬂ@RAL Bfdrddaebonehtesl lﬁvﬂ%bi ?o 96 chid6n E&cﬁﬁge'ztﬁ a s1llcon—compnsmg
preferably Ti or Zr, X is a halogen, preferably Cl

groupFM @radmetal of @ou 4dp _64 espesiply igaduipyd, 2f thithReriaglat Babls vf th‘e Elements,
prefeiay Fopiah o A Jaioer mroiabBLC| Gf Bt & 5o dcrsebesfally 2. The
catal 67 BE RS PESAISKRS pr O L SR e S o e

to be cq@olynerlzed The catal yst of the formula IV
can be pgrepared, for exanple, as described by J. Ckuda

iR, Ch er. 1990, 123, 1649, or as described by F.
i Ckuda in J. Oganonet. Chem 1996, 520,

s.dqﬁcrlbed in

an
llll%

This embodiment of the process according to the invention is preferred especially when ethene

IV.

and 3-methylbut-1-ene are to be copolymerized. The catalyst of the formula IV can be
prepared, for example, as described by J. Okuda in Chem. Ber. 1990, /23, 1649, or as
described by F. Amor and J. Okuda in J. Organomet. Chem. 1996, 520, 245,v0r as described in
EP 0 416 815 or US 5,026,798 |
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EP 0 416 815 or US 5, 026, 798. WD 2008/ 006636 o
PCT/ EP2007/ 054580 15 The copol yneri zation is effected
WO Bp@t/ep&Bby for a time of 15 minutes to 4 hour £CT/EP2007/054580
preferably 0.5 to 2 hours. The copol ynmerization can
be termnated in a sinple manfier by interrupting the
nmononer feed or by adding an al cohol, for exanple
et hanol . Preference is given to termnating the

ri: [ i n._alco si nce the
e EEBUEERUAT b, el PEteR DR RSt bR Py, grpteravly 05
to 2 hes#! The RopéliinERzationdh Wetletbie@n UNSGHINAANEGNS) Bfdrrupting the
conditions, since the copolynerization proceeds for

moneyger fgedonley adsiegan alcehodt fot pxampde phene. Prefsendgrisgivom tooferminating

the (RO DrotiteoRn, REP0G BV fhe, Sspitepg By Tiruptlon of the
mon&RAOkYdBAH Al AN fkMRr BSHodRhEHaBSE ubBddr GRS Rstit conditions, since the

continuously. 10 The copol ynmerization mxture obt ai ned
copolymerizatiaqro pricyedsr for adsi long canmbeomer lsestillipviilabke. Kiievauration of the

nner. Preference . iven to effecting the rkup.in '
copoFRER I QoG ST O B AP e O RS LA QU f (st used. The
copo@%&ﬁ%&ﬂ&ﬂcah%e%@Q@Hné@bété}ﬁvigé?&%}iﬁﬁﬁdu%gﬁ lon mxture. A
Sui tabl e agent may, for exanple, be an al cohol,

especially ethanol. Preference is given to adding

sufficient agents to. the copol ynerization m xture .
The maimwa%@%fxwr& aiued ife Somstieneion ¢ ?&fo_ﬁfeémpym a known
mandeP FBfefihcd féa%ﬁrl]en b 2fRectin Pthé KdRlinBERE wEX ¢8R Sn abbht WiTh which the

relation to e netal of the catalyst of the Tornula

catalyst 1§ tdestenyethas addeh ta@deo uspolireerizatinn trhixtwer Buguitablet figent may, for
S ated wt

C | ymerization mxture, the mxture i tre h
exampfs: B iyaa,élis)ieﬁ éﬁs%%!l%ﬁé’vﬁt{“}?oé Hyefeernsds By R §‘_1§8$ Stffigient agents to
the cézfol}é}ﬁerﬁ%ﬁ??1 nERRChA thy agé?%( ﬁé’e?ﬁgﬁ ] ﬁo%'e?c?s§/2%rmfa%ﬁy A an at least

wat er - et hanol m xt ure: 'S way, cata
2- to 2@$01d uedaroanedsgin2Blatiemuviae nietad ¥ bhthewapdlsyofthe fatdudal.
m xture. Subsequently, a sufficient anmount of an agent
suitable for neutralizing the copol ynerization

Xt F ' h te, . . .
LS By L G080 805G AR myisBE e e
treatedB®Bh BOHidMleReiIg enaanbONaDY, $9! MbdsOsblitich WAbLIacl, especially

a water-ethanol mxture) is preferably added to the
hydroghlosic yagish il Atataor sivrtcinethaselcivixtrgt In thas way, catalyst residues can be
r.ef.er abl

coppl rization.nmxture is geutral .. i.e,
S 0 rox. 7. ’ a [
remoyd_ M e spPafyBioggho mbubipy Eipseliply: priyCRuBarfidal of on sen
suitabidé EfredealhlziN@ sHeeshpolynierdali el miRuRf BreéthylyWoblim hydrogencarbonate,
dem neralized water. Such a wash can be perforned in
more greferablybl to d@fparamass, pfaderaldyadntol K% yanassxsadionihydrogencarbonate
solutiSty l(ynrmwa%rr & 2 ShiE Illaﬁgl ];nlily?tlrireel) ‘is preferably added to the copolymerization
mixture such that the copolymerization mixture is neutral, i.e. preferably has a pH of approx. 7.
The mixture thus obtained is preferably washed with water, preferably with demineralized
water. Such a wash can be performed in a suitable apparatus, for example in an extraction

column or a separating funnel.

Copolymers which are present in solid form in the copolymerization mixture can be removed
from the copolymerization mixture treated in this way mechanically, for example by filtration

or decantation. For the removal of soluble copolymers, the copolymerization mixture can be
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Copol ynmers which are present in solid formin the
opol yneri zation m xture can be renoved 30 from
WO 8@)&5 %@é Pi zation mixture treated in this way P BP5007/054580
mechani cally, for exanple by filtration or
decantation. For the renoval 1®f sol uble copol yners,
the copol ynerization m xture can be WO 2008/ 006636
PCT/ EP2007/ 054580 16 concentrated to such an extent
concéﬁlﬁatt%it Q%u‘c?l‘?gf?leﬂéﬁtr HiaPhE b 61%1‘%1% Lipitte GutSRd '%gd-r hiS can be done
one in artlcula neans. poly
in peficalar pbe cth@rintakt msasut Cb}lﬂ)liﬂh& Gxihldfhs epredipitaten oant mattheo rcourse of
can in turn be renoved nechanically_ fromthe
concemEry Gt AR Reremoxedmschagiqaily #agn the CoRRIMREIHERY Suixture.
when the copol yners thus obtained are subjected to a
drying process. In this way, it can be prevented that
It mayaesidobitabi@ak e TaOERIYEs S0ls\odbigedvdit slibjbay®to a drying process.
possi bly been used in the copol ynerization process
In th?érvéayb #lcandedreviented thir poptiblyl health-prdangeringosolyeats which have possibly

i,n_the processing of th co 0
been CH‘Sy? ﬁ]é ntggrgog%ly%]]@p% OR PTOLEss pp% b e%sse lnlé?%'ﬁ?»lled Fﬁanner to the
envirBhinBRSE, thfe%fro&%ﬁﬁ@'o@ thé] c@péi&ﬁﬁbﬁg T‘Pl@birﬁﬁg dafl Behéffected in apparatus
| aboratory.” Preference is given 10 to effectlng)the
suitalle f@m@lsazurapspefﬁp exampledn ¢fdrgog cebisgdn thenlaberatopy. deelseence is given

C to e |nvent| S possible to use
to eﬂ%‘:t%gttﬁﬁﬁ’g'ﬂﬂg ¥ adHEPea e R atr?oéﬁ)o¢ propene whi ch nay
have been obtained in any conceivabl e way. Dependi ng
on whether the nononers are present as pure
In thespmscsamg@sdmg t¢ theanydntiony ié ispaskiblst thaise émbyibmlsend, gthene and/or

properxﬁexw % %g Sé?}é%gfar dvant <1%e 865{‘23})3% wtgng %eisn:#fﬁhﬁ on gvhether the
mondﬁ?é%@%ﬁa%ﬁés&% RE DA bubsihied: (Srhi% Atk tdFewhA Bkdr S®ponents, it may be

components whi ch sl ow the copol ynerization reaction
necessary Gal adws:mtf;geous todmat smhlayrmxsuc lcheroiepldnenplysivally.iSuch a treatment is

articul H@@ cat a 0|sons. Kno 0 ?neq}s .
necess My CAPECLAY B e glpir]ﬁ?sl QREIPOLEIYS, W slow the copolymerization
reactiDARR! HAB%S (]F; at éo?lgblét@ tS'uQﬁ‘ c@ﬁ%onerft@fna?&ﬁ%h’@oulﬁ%ef talyst poisons.

oxygen an mpounds, for exanple water
Knovwahenmmalents rvdact}nea:mt ha?® ameghlivebeﬂeéﬁce ohdlak cdemaMxereacﬁon are,

by renovi ng the undesired conpgnents w th anot
for exagile FHEUT RIYEHR PR TR BT Pmnl%ma{qﬁek chemical treatment
mlghmg(éfwc?ed g)g r%g@ Cfr LI%r t}‘lﬁﬁ{fkllégﬁecf drnts WA adfiér compound

m xtures’ net a A physi ca

which capbenioved ginily ffomi tl&xmrmm Fch&:xampteewmlr cai beadnmevet ,from such
for exarrpleadlstlllatlo or else a filtration

mixgREChINAE IRV BRl WK, A Ghynesl dresgrsib gt BF cKHBrEhe a thermal
treamge?l?fe y% ﬁatpr]r gf (ﬁgt%ﬁ&% | ‘f')r %lls e£1 fhﬁlatﬂ) r Idggélﬂgl&lhgr the like, or be a

recondensat 1 on
combafa€los &}ild’rédfﬂgarﬂbﬁlblr Ibﬂéfdré‘rmb ' gilva;h ttﬂpﬁﬁ@‘ln(g'ﬁhBA)methylbut-l -ene used by

a coupled recondensation and stirring with triisobutylaluminum (TIBA).

It may be advantageous when 3-methylbut-1-ene which has been obtained by water elimination
from 3-methylbutanol is used in the process according to the invention. This 3-methylbut-1-ene
has the advantage that it can be used directly without performing a chemical purification step.
In the pfoce’ss according to the invention, particular preference is given to using 3-methylbut-1-

ene which is obtained by the steps of
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It maybe advant ageous when 3-nethyl but-1 -ene which
has been obtained by water elimnation from
WO 200%008636ut anol is used in the process accor dilifgl/E82007/054580
the invention. This 3-nethyl but-I-ene has the
advantage that it can be used7directly w thout
perform ng a chemcal purification step. 30 In the
pr ocess according to the invention, particular

ren ttht-I- ene which
2 SR S‘(’]D“ e ‘%gp%‘!él&fé’ag‘%%‘%osyoogese | |
b) Wfo%@ﬁ’é@&élt@@%ylﬂ&a@l td1y it y@bmnAkhdg | sobutene to

- nethyl but anal, b) hydrogenating the 3-methyl butanal
c) tebmnmwwt@ﬁmérmﬁhﬂbu@mlel i mnating water from

the 32V BA0F SPlainey ek AP GA Bir e e G RS IR performing

ach&gggl%ﬁﬁegmn@t@) chem cal purification step. The
hydrof ormyl ation in step a) can be performed in a

known manner. Preference is given to performng the

The Qﬁggi%%tg{/ 1%2}11'{ gtgplél cqn E%Ear grg?e em?a]fc}pio&r hE%IFOdI rgum Igrgg%n%)e( is given to
GRAdRce BF &f bakhy coMpRk éarem

perf 9%8 unsucggiroﬁggtﬁggﬂ ??r%%eny p%eospﬁl 1ﬁles or Ct r?p enyl %q Suitable

11ganphoa;tph| foe s exaprdé, e phbsphite r bpheimgppnes bgande, gmeferably substituted or

BTN SR o o P
tnphgy g)tinlb%@ﬂt | ’f‘h rodess feptotih o@ﬁn@%@o@Zﬁ%perfaﬁred for example, as

atures are preferabl y 70 to
descmireelfmr]ﬁht)r%lZIégﬁl]c@O)E 024 20C54Thke praot@s rcnmewsm els parckrably 70 to

r ef er abl referential l 3to
150°R Sreiriaitll aPS dBnbt Er: CHFAPYSES hieatiriagra proleribly 2 18 20 MPa,
I t hose as have been described in EP O
prefe@@wé%gt%%“; EP 0 213 639 (UCC), EP 0 214 622 (UCC),
EP 0 471 071 (BASF), EP 1 099 677 (OXENO), EP 1 099

678 (OXENO). or EP 1 201 675 (OXENO). Particul arl
The ligands BT eomples FeiAlyets wprdsnay it Barjierlar by thaseasisye fegh described in EP

0 15?%%943.@@3 '%%”E’Fs 888" (detgb?%g’%ﬁ 620 nga” gﬁ 0,471,071 (BASE),

phosphi ose aryl ‘gro have

EP 11099 61 (OKIENOR &P 11099 678 (UXENQ) @s [HP 1 @O@WQe(m)éErdoarl&mculaﬂy
substituted in the m or p-position, for exanple

suitable jrhpdium gemplext capplysy w1@hgwp§e%ﬁ@§§ﬁﬁgh@e higeads are, for example,
triary, é?ghgtgﬂ s.@"tﬁé %%fl groﬁf’sog&he}pa%egsb%agr&% % Yind oﬁﬂé—%gmmn to the

- phosphite oxygen and are substituted in the m- or p-position, for example tris(2,4-di-tert-butyl-

phenyl) phosphite. The hydroformylation of isobutene using a catalyst system which consists of
rhodium and a bisphosphite is described, for example, in the patents US 4,668,651, US
4,769,498 and WO 85/03702. Reference is made explicitly to all documents mentioned, whose

disclosure content shall be part of the subject matter of the present description.

For the hydrogenation, the catalyst used in process step b) may, for example, be nickel, copper,
copper/nickel,  copper/chromium, copper/chromium/nickel,  zinc/chromium,  nickel/
molybdenum catalysts. The catalysts may be unsupperted, or the hydrogenation-active
substances or their precursors may be applied to supports, for example silicon dioxide or

aluminum oxide. Preferred catalysts over which the hydroformylation mixtures are
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-rhodi um and a bi sphosphite is described, for exanple,
in the patents US 4,668,651, US 4,769,498 and WD

WO 2808J806926 Ref erence is made explicitly to all PCI/EP2007/054580
docunents nentioned, whose 25 disclosure content
shall be part of the subj ecti1gmatter of the present
description. For the hydrogenation, the catal yst used
in process step b) may, for exanple, be nickel,

hydrcg%eggt%crl hcgo%?perfs/ r& BCL% 15% %SI o /o‘f’ Qé]?ﬂ& 4m ntclrg imd as activators, 0.05

Aromuntnic PERr G um nic
to 3. ﬂ%' b’}bﬂﬁéﬁlﬂf bl tapd aiﬁhﬁxt&g’bbaély G mﬂy6%€by mass, preferably 0.02 to
unsupported, or the hydrogenation-active 30 subst ances
1.2%chy miass, of @n@@@ﬂlsm@omy Qrea amortemate@als pppeebly ahtr@mum oxide and

siticof\ERYE, e iRt S R fored o B OSARE itieh G0l BlBeiPguced. The
A9 0008 PCTHERAANE O 5801 et et mmhmh thoy

rise 0.3 to 15% by rmass of copper and nickel, and
offer adowdiowx msotagce, OfOf)sxamnie B B%ofoym phgreneles, pietletsion shapedibodies, such

as telfalgt\éamli% erg,;lsiwég gxg%q;te%rpjfé'}ﬁq?a hk(heé(&r&) @ﬁ{)ﬁerfl %}? glcas/ L?geélgt}elfore use, for
exmdﬂyﬁyﬁémn%ﬁ{§ﬁﬁﬁ | Yt@hM num oxi de and silicon

di oXi de he quantitative data are based on the
catal yst which is yet to be reduced. The 5 al kali

onent i S _opfjon The catal ysts are u
The AR Sl BEATGFoP b S quis RS THH Gty s R Ao Pregigebly at a totel
press{uleQW Jd.88 56 RASe gré‘f bISHRTY & 10qMI*&eAf}%fdeé3f1atgfnaiﬁL€h@ gas phase can
I'et's or shaped bodies, such as tablets, cylinders,
also bd: pem“mrmdt atuldevee pressures, ngswhldlh egeseacroereammldmgiy detrgd gas volumes are
~act efore e, for . exanple by heating in a .
presefly IVBgR  BLiretih ot B ARESTHER JGaNas! B, Wpe i sflybigssures in the
indiv thPfeQ?tBﬁgrrﬁg% Eg ?léé’ga?ﬁka& Qﬂ%réé% vHNgtgﬁ %I[Oépigx?sédggﬁlgﬁtg e¥1t1§hed In the
hydrdgenalibnl\iﬁq:roéesb 3schpolg)e izt reantiom tdrﬂmrgmss pin éﬁlﬁl(b an gawbtssophase may
erfornmed at | ower pressures,

generatbf B@é%% HRIPAY Gy I awaéulgraé‘t%t t§Pe§ §P@1 hsﬁtf%&f@ﬁtonsmeﬂesgnbed for
exam? %hélﬁgﬁso@ Q@%'@ g ?983[1? %jwhtcﬂqefer nce is made
ota pres IVI the

res in reac oﬁs
here &xlieitlpr different w th| n the pressure limts
mentioned. In the 15 hydrogenation in process step b),
t he reaction tenperatures in liquid or gaseous phase
The hgg%)ée o1 h? P}éré‘orrg%g% (}?%ﬁlgfzté ?%% %reglenegéf tg&tlé% %he ]wAéQertchiulred may be
presehtNinPE @8dctarPBed. FdvweRs Dl 88 péstitioD aded vQEerlﬁt&) fh% hydrogenation
370, to which reference is nade here explicitly. 20
appargtye ahyoﬁutigbslﬁ aoimnIn thepease of B8 pbasefleidmeyattqm, frqéer is appropriately

supplf?adetg e Cf%rm of m@%r%r A prle]f%rrm@hy&ro gen%!tllon process 1S lﬁquld phase hydrogenation

with addition of water, as described, for example, in. DE 100 62 448. Particular preference is
given to performing hydrogenation at a water content of 0.05 to 10% by mass, in particular 0.5
to 5% by mass, very particularly 1 to 2.5% by mass. The water content is determined in the

hydrogenation effluent.

3-Methylbut-1-ene is prepared by water elimination in process step ¢) from the 3-methylbutan-
1-ol obtained after the hydrogenation in process step b). The dehydration can be performed in

the gas or mixed liquid/gas phase. Process step c) can be performed continuously or batchwise. -
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present in the reactor feed. However, it is also
possible to feed water into the hydrogenatl on
WOQ@%Q%@é at a suitable point. In the case of RayEP2007/054580
phase hydrogenation, water is appropriately supplied
in the formof steam A prefegred hydrogenation
process is liquid phase hydrogenation wth addition
of water, as described, for exanple, in, DE 100 62

Procgs% cft%’P r tatx ﬁ)%r%opmg(f § e?@ﬁ? xR e@?at%&%ggbgﬁ?lg/gtr gr? (})LQCQ %m arranged

in a AREBbed. OWIAL kb €1 @y Gerﬁovall @f P4 feyctiBASFod et from the reaction mixture,
particularly 1 to 2.5% by mass. The water content is

the vepderesliminetepn 1§ nonermed, arecﬁgebiatqvgh sadidf ¢a9=émts in the temperature range of

200 ﬁgr%sg)t’(?g g}ete%ls 8;? Hﬁ}f%ﬁgﬁ@)ﬂlgﬁ? %%3?%% pr Errgapegiti g‘i)vrc]anito performing
a cophidbd aehyatdtRh dvee ahcueiR@ aRakdeaNini NREPBES STHRt @Ralfdks used may be
The dehydration can be perforned in the gas or nixed

oxidé¢si qfiite gﬂ@llphwéh Beabesd atemu), chmdiemperffgallied, of silicon, of

scandight SRB09 SAHRTT I 4 LIS (L PIEP, SfdbppoRb ! the rar

earthOVIEhis S4s pRrdgd t&ﬁf!eailni&%ti%xﬁfes Gl _b¥Birdtibis Of BEbOR Mides. In some
arranged” in a fixed OnM ng to the easy renoval of

catalydte arcedait |a<md1tp cadbe t:$a‘tﬂnsb¢ﬂ yhaddirepadkalometal mxidee, t he
water elimnation is performed preferably over solid
catalysts in the tenperature range of 200 to 500C in

The &%tlﬂ@%oﬁﬁlcm 160888 sbiogsl §Jr RRA8Hle tﬁ@%ll&zﬂh@ﬁul’table catalysts:

preference is given to performng 5 a conti Ruous
Ni1O/d&0dCadi A0\ Oa(Jclitohl Geddl. Ar €hﬂgﬁ(d99'® 82T (2@l pbd-159);

20 erA ot Malr 88 T¥uds a8 IES: Qs BS B T um of

AIZO?lddz@QnTh(?z, ég%ﬁ% rﬁ@é%)yiﬁd Zﬁ[Pm‘l% gpthanum  of

tani um o zirconiu of the rare
HfO a1t [(9. Pliys. Cheml(ﬂ@SQ)p%(]inS 56); use m xed oxi des and
conbi nat i ons_ of ove oxides. In sonme catalysts,

ALOxNagpt HiQp G Faiph 919&11}1 6l§é2h§t%§§1 $&Ned by adding al kal i
ThO, [ o C@ﬂeﬂF 196 ’xa Egg%ﬂég@(zc technical literature

i'scl oses, [l owi ng suitable

LazOSJ@ZaPh/}&tShem(\lS@SMZ@Bp 160066),203 A1203 (J. Mol.
(1997 2-3), p. 157-159); ZrQz;

Chem
Gaz%ﬁﬂf%tge@?hzmcﬁww 4%13?) 1@:&142 14®nem ( 1997) 118 (1),
. 2 Catal . (1988),

oS 45RR4E g ey 97T 6 Rriga I8 (3. phye.  chem

(1980), 84 (1),55-56); Al 203/ Na20 Th02 (J. Catal.

(1981), 68 (2? p. 383-387);
Preference is given to selecting the catalysts and the reaction conditions in such a way that the
formation of by-products, for example of ethers, and the isomerization of the 1-olefins formed
to olefins with internal double bonds are largely prevented. For the preparation of 3-methybut-
1-ene, preference is therefore given to using basic or strongly basic catalysts. The catalysts used
with preference may comprise, as main components, aluminum oxide (AlO3) and/or zirconium
oxide (Zr0,), and also alkali metal and/or alkaline earth metal oxides. As further components,

the catalyst may contain titanium dioxide, silicon dioxide and/or thorium oxide at 0.01 to 3%

by mass, preferably 0.5 to 5% by mass.

The proportion of basic metal oxides (hydroxides are converted to oxides) in the catalyst is
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The2 (J. Org. Chem (1967), 32 (11),3386-3389); La2C8
(Z. Phys. Chem (1985), 144, p. 157-163); Ga2CB (J.

1977), 44 (13), p. 2142-2145
wo%@@%{%‘g{? oEg. o ((197?2)"037 (a5 )} ,20 fgjﬂﬁpzoowomgo

Preference is given to selecting the catalysts and the
reaction conditions in such # way that the fornmation
of by-products, for exanple of ethers, and the

i sonerization of the 1-olefins formed to olefins with

prefeta{b‘l}e[)l@@to doubbyemasy) esor@ preférablg @), i taPs B\ thed; espetially'freferably 0.1
preparation of 3-nmethybut 25 1 -ene, preference is

to 3% hermpssr Breforvadnalkali msiah gxiskes iate sodiwm raxidyl andferspatassium oxide. The
ok Gt DVFieF a0 Ao REH PR RSSO Gl e Sp ALY oxide andlor

- bariuf'6Ki@¢. Pakica R bwﬁreﬂee id glvegrt&@f)fecuag%eamer élidﬁabﬂlomﬁt;ﬁbcess step c)

and/ or al kaline earth netal oxid
over g onipbendalyst whichhensiatsah yi@m@yenso nf alumutu:rm amda mld barium oxide. The
[ |0X|dea r thorium oxide a

catah?% %é(%%dmugfglﬁeléé gt%gﬁg d$ &Oébll’r;? %a Y 3-gumgymnggide I%hg?fg%vith barium
o R S TR U SR s

PCT/ EP2007/ 054580 20 preferably 01 to 10% by nmass,

nore preferably 0.1 to 5% by nmass, €e0| ally 5
Prefepange i gileny toousing v-glugugnpy hapingfach Béuré{qtq@aﬂrfpa oedhio 350 m/g,

prefer(‘)al)é)}é'd Ff% gc; 2%(? ﬁﬂ}gn@eae])ﬁ%%le 33” légo é czﬁc’ %olr'le Xéég%l) Tﬂie catalysts are

prepaf@UBE khéih eetthdls. Sbmaivhi rﬁ&h@d@ gle, fR@kahplePpretipithiod, d@pregnation
Particul ar preference is glvento effecting the water

or spralyingiof an iAdid)si hedpmodeassapprappiate)sall selptipn andaibisenvent ealgimation.
whi ch consists in a fornmal sense of al um num oxi de and
bari um oxi de. The catalyst used in process step c) is

It ma ﬁ(fewﬁ)sfeeffeez{cﬂ'ﬁh%%ébu)é v eAdafuiBtO*d B&cABSH fni BH 108150 628 are used and
arium oxide a0), which consists in a formal sense

have @ﬁ)rqmrtuqudxncq@uan@omdgwf 80 he BX pargs byPmesse pByitraum oxide of 0.5 to 10

iven to m oxi.des, havi,n T, surface
parts i 1585 1t S ke o RO 837 Sl Bt e Pl Bl s

(determ ned by N2 absorption to DIN 66131). The -

catal ysts are prepared by known nmet hods. Common

In thermnkinui@lsa)mg:r dliominahiyg féerenp peaicps Yatantsrvan bepised mnodesmstep c) can
of S of an body with an rla lt. :

be peBlgriFd it SRRGoELETRR e FOBIREPER O VRHLY s REAAE: ie. with 2

tempé}gtu?@dﬁﬁ@feﬁg@%gpl\g%lg}nlegéﬁi% Y8¢S BR Iﬁi&,%gg B8 Bk J&fobR8d in one or

59 628 are us
more stages. In the latter case, all reactors, appropriately tubular reactors, can be operated

adiabatically or virtually isothermally. It is likewise possible to operate one or more reactors

adiabatically and the others virtually isothermally. Preference is given to operating the water

- elimination in straight pass. However, it can also be operated with product recycling. In the

case of operation in straight pass, the specific catalyst hourly space velocity is 0.01 to 30 kg,
preferably 0.1 to 10 kg, of alcohol per kg of catalyst and per hour. In the water elimination in
process step c), the temperature in the catalyst layer is preferably 200 to 450°C, in particular
250 to 400°C. The water elimination (dehydration) can be performed under reduced pressure,

elevated pressure or at standard pressure.

The 3-methylbutanol can be conducted into the dehydration reactor in pure form or in dilution.
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15 have a proportion of zirconiumdioxide of 80 to 99
mass, of yttriumoxide of 0.5 to 10
“K)%@@%é%n 6of al kali metal or alkaline earth ne#g?ﬁE§26@7KB4580
oxides of 0.1 to 3 parts by mass. In the continuous
wat er elimnation, differentzbrocess vari ants can be
used. Process step c) can be perforned, for exanple,
adi abatically, polytropically or virtually
The diwrhbedsed inhay, be inert gasek for gas ROxtUARPRE @k amhplediittd@hevBogen, carbon
of typically |less than 10C. The process step can be )
mongyade, Garben digxids, synshesifogas, Bethgasor Sieam, s ofganiceplvertsevhich are inert
(I s [ c be
undefiSae FR Bl s BRPLSRYS Gl Fity B AP RGHRGTergfRY:
is |ikew se possible to operate one or nore reactors
adi abatically and the others virtually isothermally. '
In ordgrdp ackigeevery highyselectisity farametylhutd -angtfermation, it has been found to

|imnpatiqgn in straight SS. However, .it.c al so, be .
be bt e Py mRGRT rory AR o e SR BedrAPE conversion
of 999REoRExAfble, e SdlécivEof DAGScant hiCachROEA f Prefesdicaiy/Siken to performing
hourly space velocity is 0.01 to 30 kg, preferably

proce@s step @) idsucl 2 iy thtcihh sbnysesion in sifaighitpabsyistat keast 3084, preferably 30
hour. In t ro.elimnation in process step c),

to 99(‘11@%’%%&@5%@ FOI’P(?/PIG catal yst layer is preferably
200 to 450C, in particular 250 to 400C. The water

el i m nati on (dehydration) can be perforned under
The produdecbtpined signe proasheviap eyl ipra suxiues oomatisisg Samathylbut-1-ene. In

SN DOR R S T T e O
remoY¥d. 2BR8LORREB GniREE ERR OO Afy fe Alkr WA HAN SbeIS8Fhrated by

may be inert gases or gas m xtures, for exanple
distillatiom oge A;méihylbagesi -olchnisthrylburdnend aid byemodimts. di oxi de,

synt hesi s gas, nethane or steam or organic solvents

which are inert under reaction conditions and can be

- Betwéa8Y Stef %&eg Ya)f bPILARE cz,e Bftd 102 Mmbel Wﬁﬁ%t ﬂ?ﬁ(gﬁu tcé_:&f ‘?IJEL %erformed.

to achieve very high seléctivity for 3

Prefefencerag igoven fot pér&sniiee thdsouwotrkiup stéys adwhithadeodisireth iroducts are
aimis only partial_ conversion of the al coho

separéfgi ér_onp\pn%pnéfeﬁ%/;g FEACRLS, gy-pggiy?cts]c B catyss by physical methods, for
examgl%ld%&tr{ti\(ﬂgt ﬂlh?{ior? XA RE d%@iﬂht?c\(rﬁ ‘g‘s 't%lggga?aﬂl%ﬁ p'rc?cesses are known
'ven to-perto ep}:]iln uch a“way

performng process s
to thdsbakillel én clonae aad dnisiwitlgh ted ghititypeStheiprsah skitRdtin 3BGrt to select
. preferably 30 to 99% and preferentially 30 to 90% 10
suitabitgeparabag sicthos aRdhBYANESH 19F 8 SerasatidBoRlymi s a ni xture
- conprising 3-nmethyl but-1-ene. In

It 1s possible by the process according to the invention to prepare copolymérs of 3-methylbut-1-
ene with ethene and/or propene, especially with ethene or propene. Depending on the process
parameters used, it is possible to prepare copolymers with very different properties. It is
possible by the process according to the invention with particular preference to prepare the
inventive copolymers which contain 3-methylbut-1-ene and ethene and/or propene as

monomers.

In the inventive copolymers containing 3-méthy1but—1-ene, the further monomer present is

cthene and/or propene, preferably ethene or propene, and the monomers present are preferably
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process step c), preference is given to obtaining a

m xture fromwhich 3-nethylbut-I-ene is renoved. The
WO beggtosem xture can, if appropriate after WatprT/EP2007/054580

renoval ,- be separated by distillation into

3- et hyl but an-1 - ol , 3-nethy|£yt-l-ene and by- products.

15 Between or after steps a),” b) and/or c), one or

nore wor kup step(s) can be perforned. Preference is

given to perform ng those workup steps in which the
exclugssly Sdnghpluct-snaraad ebengr et orcrenthenpiono@ioneef the incorporated

r.eactants,. -pr,aduct s _and/ or sts, b hysi
3-me ?lhu(g- S-?neflgp.)i tg)élgr%?cl éos,' gge?gﬁﬁyﬁgla{o?#qymplg/f,lp%%fgre%.slalfyad1 to 10 mol%,
moreSprefedsily 0% &F 16Hn®1% ! dndthé préfbrabBb] €0 SeRaIPAtan@the copolymer has a
processes are known 20 to those skilled in the art "and
melting ppmt of 1oeimtemiperagiye (3G°¢) of beloie rpen sempasitintel ted 301C.t he
art to select suitable separating nethods and
parameters for a separating problem It is possible by
The 1nDentReRSFSISREGREFHNG £ BolaP RiabdWVE N WeWht-bPerREERBIE mass) of 2500 to
copol ynmers” of 3-nethyl but-1- ene with ethene and/or
2 200 @pgme], resfsebiyabf F004 tohs08td0eramol. The apaaemaie@earidi degermined by

on the process 5 paraneters .used, it.is possible to
gl peitusgoe CBGIGHENS: T (R COLPY chiire BPe IRuiEs flduoia) passes were
deterinind20SdibLe 5%?&‘}}?%{%&9 C&E&n%gﬁ?ﬁ' A8nt 9\#&5}?,, kypEe iR Remperature

wth partic preference to prepare the 'inventive
Allianap GPOVe 260G Tiehsatvert aised SrasdthytticHletoberrenaribuetStgnagel columns

a or ne as nononers. 30 |Jn.the_inventiy
(HT6g 2% e ST od g (SN 75 1eA e chobiaTy FRAtGrie] i was styrene-

~ divin{foBERE ﬁﬁ?ﬁrord PS%%W%&:I REALOW a&rr%p §RE foR7 BlSka0! ¥al/min, and

et hene or propene, noners present are
the mpaefanait wetdeff0R8/a0 06586 PEEh ERROD TS 63 &1 of 2&nple solution with a
excl.usively 3-nethy| hut-1-ene and ethene or_pr

opene
conceniiation dHortnobAngF ¢h8- 27 o peFarEde lgleﬁ@fihwmttﬁf gigheof narrow-

. 45-0. I r 04 +- .
cisribRPrl Sl YRR SRIE TOpYt lpln FPLT Sitetds T rtenon
timesIRer8BkJe@dddtonts oIk Bl ahd ¥culart WeiphtdBindaceditlpdnihg K and o values

~ copolyner has a nelting point of roomtenperature
via fiftheajeraolmerasls vsioem Fgﬁh}pir@mmo Thgdetectsr gspd was an internal (RI)

detec{o%vﬁg%ti% \\lzvgé %?)ﬁﬁelg}/e%{oz nmﬁﬁggz?lvﬁfgoﬁgg@%{es@if%h%atad@re recorded and
evaluedWith RS o 268 BN eAlmBO &P fro B0Qsieh TR0, frdhewartH!

mass can be determ ned by gel perneation

chromat ography. In the context of the present
The iingé/n thei c%gbly}nl?g prrrgfje%glynﬁgssc?rﬁe nvgft%g point (if two melting points exist, the
higher melting point) of below room temperature to 130°C, preferably of room temperature to
130°C, preferentially of 80 to 125°C, more preferably of 90 to 120°C and most preferably of
100 to 115°C, in particular of 105 to 115°C. In the case of the ethene/3-methy1but-1-eﬁe
copolymers, a lowering of the melting point by about 30°C can be achieved with an
incorporation of 2.8 mol% of 3-methylbut-1-ene. The existence of two melting points relatively
close to one another in the case of propéne/3-methylbut—l-ene copolymers is attributed in the
literature to r_ecrystallization processes and to the presence of two crystalline phases during the
DSC measurement; cf., for example, Graef et al., Journal of Polymer Science: Part A: Polymer

Chemistry, 2002, 40, 128-140.
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deternmined with a gel perneation chromatograph from
WO YBben6663kyPe: Hi gh-tenperature to Alliance GP '
The sol vent used was 1, 2,4-trichl orobenzene. %%99007/054580
Styragel columms (HT6, HT5, 4, HT3) and a precol um
were used. The col unm materi & used was styrene-
di vi nyl benzene = SDV (from PSS9)/ Styragel (from
Waters). The flowrate was 1 ml/mn, and the
A panticadariyeprefietrsd inventief dopotyatbr @ontiidd Gropene e monamer, Ghelfroportion of
1o 0.2 of s l:e sojutign wth caoncentration, of .
the IBB%BP%E%-H@&Y@D@%W briag Tujer 19 Fnﬁfb/é&nédt?‘e Virelng Reingjbging 90 to
125°8f spard &ipBlLiaBHa0 9 nRAAMRIS MED 565 o/nfd1Om
PSS) , tﬁﬁbﬁéfugn sétgﬁés ggﬁ%bré%éﬁ.ggﬁgﬁﬁg?ent oﬁﬁ
times were assigned to the polystyrene nol ecul ar

wei ght s and acconpanying K and a values via i
A fuptherHeBrae AYSBIYS BRRCAYIEET caniring gihener 8- MOBPMBH: dtS preportion of the

: i | ect.qr ' 0
o REU0I Aot A0 LS00 T SRR S0 v
in patfadudarviEiSetor E300C d8actan dop&lymkt picGdabliy thas ahBoMAhRES M, of 10 000 to
M1l enjunB2 GPC Pro ram (Version 3.20, from Waters).
500 G88 gfwel, impareylyel 00Big&rk abl y has one nel ting
point (if two nelting points exist, the higher
nmelting point) of belowroomtenperature to 130C,
A vepr pdréiculbily pefferfediofbpoBie rahtafiie dilfene 8 QGnonomer, the proportion of the
i preferenti al I%/ of 80 to 125C, nore preferably of 90 to
incorporged I etyby -preag ép}@gﬁyto #fmol¥pand he meaiamg paint being preferably 90 to

o ECU f Q. th se _of the
11 EEIE T Plo TBAE Rud baboihl bTerfE Bas icffapren ot 15 000 o
75 000hEmOEISuting cppdlfinePyancttowed 39 CLOPE @ﬁe@qbwez_ieﬁﬁtwygrdwgtﬁﬁene). The
) incorporation of 2.8 mol % of 3-nethylbut-I-ene. The
INVengye EeWigith hapa peiperting o Grmehybut laeneiaparporated o 3tte 6 mol% can

ther -.in the .case ra e{ 3-met hyl but - | - ene
be “S‘g‘{]og% ﬁ‘gmfeup ge’ if%fq%? Prroleﬁfoéla&{m&f ﬁg‘?ﬁfl#t erature to
recrystallization processes and to the presence of two
crystalline phases during the DSC neasurenent; cf.,
The afgrementzonst envediive¢onslynadrs areToefershly @ftaipatily by theSooe@se according to
the i Part A: Polynmer 30 Chem stry, 2002, 40, 128-140. WO
¢ I¥HEEN006636 PCT/ EP2007/ 054580 23 A particul arly
preferred inventive copol yner contains propene as a
nononer, the proportion of the incorporated
The i@vemiv$ poimiymérs e bb @saigtolproduct Gilms lo¥shapdd thodiesedspéaia]ly injection-

oA 3o 1 S B RERs B R o o of

films R6 r@&Jc@doo?lllf‘i\ﬁ-ecHé-ibX b OD WML GRA & Birifl BERE a8%iofow bodies, for
monomer, the proportion of the

example as a vessel, bottle, tube, canister, vat or storage tank, or as an injection molding, for

example as a bottle crate. In particular, the propene/3-methylbut-1-ene copolymers can, since

they fréquently have oily to tacky properties, be used as adhesives or oils.

‘The present invention will be illustrated in detail below with reference to the figures figs. 1 to 3

without any intention that the invention be restricted to the embodiments depicted by way of

example there.

Fig. 1 shows a schematic of the pdlymen'z_ation apparatus used in the examples. The
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i ncorporated 3-nethyl but-1-ene being 0.5 to 6 nol % and
the nelting point being 90 to 130C, in particular 105
WO 0008k80836Such a copol ymer preferably has a nolEIT/ERS607/054580
My, of 10 000 to 500 000 g/nol, in particular 15 000
to 500 000 g/nol. 10 A very particularly preferred
copol ynmer contai ns ethene as a nononer, the proportion
of the incorporated 3-nethyl but-1-ene being 3 to 6
nol. % and the nelting point heing preferably 90 tao
polymemgatiop pppapriip hys a psketed 1epsiton Yefsel Waipl iseanipped with a thermometer

e LSR8 TP 20 08l o 0 vave 5.

stirrdr AYVa G@mShrcer BOh Ysihéne RE® D, a Hiaes flowvenllatve7 | Judificatiéti €6lumns 8, an
has a proportion of 3-nethybut-I-ene incorporated of 3

a&emp@sm yesseln9, allsomjeolwet@gn. twt a alatanysicerdef @b, ma connection to the
s BT ) b 3Oy BURL DL £RY st st

cool BleReRRAtsAF AR HhdidntRssel &B B PLRRIRIBugR the Thtkel NVeENt i ve
copol yners can be used to produce fil'ns 0r shaped

bodi es, especially injection- nolded or extruded

bodjes. In particular, the inventive copqlynmers c be
In fidoay 1k TRWERG YA K (s YO ORCHRGE BofS PIRPERG eaggon of the

- 12,1&{_ ar ki bags Aol | :
pmp%%g}isglg , P%tfl eﬁ?@gf’ asS g@vgisog%?, o% tﬁ?@u bcg\,Nthe proportion of
3-metpitgtlemne matheamixdtrer fogeht qokymears, mspand iwitle (Mieg(Cp)(Flu)]ZrCl,)/
| di pg,  for xanple as a bottle crate. In
MA %ﬁcprcglgg té’lrf’,m“"lnl:fg 18r opene/ 3- et hyl but - | - ene copol yners

can, since 25 they frequently have oily to tacky
properties, be used as adhesives or oils. The present
Fig. 3 nekows om WPCINMRB | speastmat fd i polytéd-aicthylieit-dvene), t hprepared  with
reference to the figures figs. 1 to 3 wthout any
Mo TR UG IRVAQ 5P o GRTIBIE Test 1 cted Lo t he
enbodi nents depicted by way of exanple there. 30 Fig.
1 shows a schematic of the pol ynerization apparatus
The ¢xamghldsnwhible feloanpledatenddietoViu IS fHOHBAt invention without restricting
PCT/ EP2007/ 054580, 24 pol yneri zation apparatus has a
the sqope RE prlicatieVhigh isqvadeat figpy tha dpseription piskiye glatms.a
thernoneter sleeve 1, a septumseal ed ball valve 2,
an argon/ vacuum connection and an outlet valve 3, a .

Exanspled 6fthe 2opslyiRrgaediL6f HmethyIbht!eae (3MB1Pwith éiRéfe and propene
flow regulator 7, purification colums 8, an al kene

The ponedwuerezatienss descobed, ekt rtre spesfosmed rigmacogéingously m a 11 glass
autocla¥& oécgjnel rBl“;Lc%i, %n\%hlachcgrggs%%etsi gpn tct> %é p/]_ePa can be employed in a gas-tight
manner. The mixing was effected by means of a propeller stirrer at 500 rpm driven indirectly
by magnetic coupling. The precise construction of the apparatus can be taken from fig. 1. The
polymerization‘ apparatus shown in fig. 1 has a thermometer sleeve 1, a septum-sealed ball
valve 2, argon/vacuum connection and oﬁtlet valve 3, stirrer 4, manometer 5, toluene feed 6,
mass flow regulator 7, purification columns 8, alkene pressure vessel 9, control system and data

recorder 10, and a connection to the attached gas bottle/lecture bottle comprising the

3-methylbut-1-ene 11.

Performance of the copolymerization

Before each copolymerization, the autoclave was baked out under reduced pressure (oil-pump
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5 attached gas bottle/lecture bottle conprising the

. 3ohEbhydgut -1 -ene 11. A heat carrier to heat
WOt Rggacontents of the reaction vessel can be pagfg%chE%%OWOMSSO

t hrough the jacket. In fig. % the resulting val ues
for the syndiotacticity for ﬁevpropene fraction of
the propene/ 3-nethybut-|-ene copolyners is plotted as
a function of the proportion of 10 3-nethyl but-I-ene

vacuum) 2h2594 fot at kaftdrh sk ipptileyoverss of phig fhrskel wepediedly with argon. Once

the c{glﬁ\{gezdcéc%g%é\?gtut)g %rgé%qsz(%/ﬁa%gég qasfggfﬁgltd;:d,n %etagto%ﬁ%Mag ﬁlllgc'l with 400 mg

ot mPR K ERTELRAIT el GHERBALTINER was o 2 sqid which had
been Thistaikd frdresa WaYC by froddsoohaniz soltterd €flomOoCtdnhptsa) BY efiliration and

the present invention without restricting the scope
subseffueaf) pondensation @fhthensaleens\andedk any spmaipiag desmatinfaligium present.

o ( .
suo ol LDy PIRREin gl (RS OB T RbaRR Pl charee
with Bhaetbopal-y8¢. Bdie @iy cfeseckinethehedi g, e rdesifell dnduie df 3-methylbut-

sem continuously in a 11 glass autoclave from Buchi,
l-eng vaghdistplyprde i (plaena pefors Gtagdaypapiessird avas njshloyeddagain avith argon.

S- i nner. ..Ih 1. X0 s.effected b s _of
subsiEbls e oo TR P st o T 6 ek by TRy or propene
pressUBYNEh Glked plebdile whEQARIEREAIsBEh G0 Hbl ffthéromoimdérhBowed in, i.e. no

apparatus_can be taken fromfig. 1. The o
furthgrompneeperz3eweshum ppte stauisofsthe walimerizptgon. Thiy polyanerization was started

. thermonet er sl eeve. 1 septu ealed ball 25 valve 2 .
by injoB R RS eTHenic Rt £t o X HiroBeh e eqitim By mefity gty &gt syringe
In th&BRPEBE/SImEhylb&l LeRecdRBn&izatifB SredshRWor @3 P br 6.07 MPa were

urification colums 8, al kene pressure vessel 9,

estabgsircﬂr @hds yis tharethede/daneihylbelebeake condymanzhtianc pressaes off 0.025 to
041\&9 the attached gas bottle/lecture bottle conprising
: e 3-nethyl but-1-ene 11. 30 Performance of the
copol yneri zati on Before each copol ynmerization, the
aut ocl ave was baked out under reduced pressure
Beforeaisk -of tingp3-WetI2008/ 0ee68bicRORd BRa0 pOrchgsd 4%n8 Addricd5it was purified.

vacu t 9 r.at least 1 h and,.in the course of . :
To tihe8d e emeis L ary Wist Fomeg. inte airep pecu ek atired with
trii Sﬂ‘t?ﬁ![dn'ﬁﬁﬁﬁa T8BRG WAIHIR-WRE B8R s a8 §Rlekad MRt . 4h) and th

lsoau ocl ave V\gs f ?I\’fled CV\A‘{I% 400 né 0 r?et hyl asl ﬁlﬁﬁrﬁgxan and then

conddnsédntamtbcA@Obotkleof t ol uene. The MAO was used as a

solid which had
The alkene was replenished during the polymerization by means of a pressure reducer, and the
alkene consumption was monitored by means of a mass flow regulator attached to a computer.
Since the apparatus did not permit continuous replenishment of the comonomer, the

polymerization conditions were maintained such that the conversion of 3-methylbutene was not

more than about 5%.

The polymerization was terminated by interrupting the alkene feed, destroying the catalyst by
injecting ethanol and releasing the elevated pressure. The reaction solution was subsequently

transferred to a beaker.
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been obtained froma 10% by mass tol uenic solution -
éfron1Cronpton) by filtration and 5 subsequent
WO oH@30i on of the solvent and of any rena|n|RﬁﬁyEP2007K54580
trinmethylal um num present. Subsequently, the reactor
was pl aced under vacuum agai b6 The apparatus was then
charged wth 3-nethyl but-1-ene. By neans of checking
the wei ght, the desired anmount of 3-nethyl but- 1-ene
S n tol uene before standard pressure was
W“Mét"g?‘gdl?‘hg'g‘?ﬁg wi th argon. Subsequently, the system

To rémdveé ahtdlyat eshidMet hthicheactasi seldtial kel estipred soweftiglitevitRngh aqueous
or propene 10 pressure) The al kene pressure was

ethangdiic Jydeghlogis actdhepluting Wbl:chwempﬁé%wemtr%%wdrﬁchl@meamd ethanol

further na I e, st r
and e, WEPIDERI RO STri ooy et Suby BHTAE Sl Piohleig gnd the toluene.
insolible §ollyridts thtee hohtheRte vatt 25Ys by sfdsyibi@dbuk GB&iUﬂhh}fdﬂ@gencarbonate
septum by nmeans of a gas-tight syringe. |In the

solutmnominﬁnalmﬁgﬁﬂugt neuirehiy b)op'@slyne threetings, with demincealized water.

b
Tolugieraslibit pab D e S aa s E A FRef T atd hsnel M diPasbl Tn the case
of tcﬁﬁen@ s@ﬂﬁlé Polyhers): theMiAxtuRE WAL ecdiRBntted BE about 50ml on a rotary

3- net hyl but-I-ene whi ch had been purchased from
evapgyatdr japdh, if possitds, mgcnplfcatm wasTesfecteidswigin dthandl eSubsequently, the mixture
- met hy| - | S first ensed. i n
was (ighgee Hisikd FHTRORY o ehhesc e Aad SF R SR anGhi Tholymers were
dned(ta_ E&@can‘f"rﬁa@s incaevééﬁﬁﬁrdrﬁﬁg lhmBetfaprogeveral hours
(appr ox. O condensed into a lecture
bottl e. The alkene was repl eni shed during the.

Exariple 7 EopBensaron Saenr O E Y BRI b mmss
For tﬁé Mﬁrﬁ%bt%r%er@s LARDBE tst:1‘17e ahé QERNLR| Meﬁk@;?)ﬁﬁlhﬂzrm% (formula I)

aratus did not permt continuous replenishment

(examlﬁe ) memd me e[ Meh@(128),; jfoCls ntfoimati BY) (oacipld dby wereeused. These

connfEuP T8 PR DS BTYSL 1 B B0 o

formt%lﬁ rﬁ*ba&a&l &'b@%&;ﬁ?&f SHRdsERGed Ble T Al HENG, REEDronbeH. rl@%hﬁgm J. Am.

e catal yst I nj ecti ng et’hanol and releasing t
Chene|Se¢ 1088, pr/@s 625 For dshdestislvedt in TP GGISGBl%nThmeatalyst of the formula III
subsequently 30 _transferred to a beake

can alsg (g POPEETGs eyt ibpd by MW oSeeled. Mze‘\ntwg,k\ﬁpDelﬂe fxdlein, J. Rohrmann
and A OWI{{E f IEQWI' £ "N Cﬁ aé {I%EO}; ﬁéé dﬂh reaét{e% cro%aﬁxtong Under which the

Fon Was Stiried gve
concentration series and temperature series in examples 1a and 1b were performed can be taken

from table 1.
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et hanol i c hydrochlorlc acid sol ution which conprlsed
concentrated hydrochloric acid, ethanol and wat
WO 2008400663Gt i 0 of 1:2:7. Subsequently, both the BCT/EP2007/054580
t ol uene-sol ubl e and the toluene 5 insol uble polyners
were neutralized with a 5% b37 mass aqueous sodi um
hydr ogencarbonate solution and finally washed to
neutrality by washing three tinmes with dem neralized
wat er. Tol uene-insol ubl e pol ynmers were subsequently
filtered off and washed with ethanol. In the case of
Tabld 0] Resmeios @onditiong of yheeprsperie/emithyibut-¢ -ana sopolyarrikatine dind of the
to_about 50 ml on a rotary evaporator and, if
-me%&it‘dr@ecsia@zfmsmaémﬁn was effected with ethanol.

Chrough A BugRRRCRARIETEhd vaghed w [ TBCHNEIE e

polyners werg¢ dried to constant nmass |{in a vacuum

Tempiratuﬂ&g cabi neso%:t 40C. Exanple 1: Copdlignes,i4dasteen of

ization
Tlmeserl es with pibpene the catal ysts l'h
(exanmpl e | a) and

Me2 Fi f l.a ||
Eac [C(Nqu)cg| n:;B}Z'\%éféP]?g B I%Iaélofﬂ%?)h} (gxanple |Ib) were

Molelﬁsa%ﬂon Jhese G@URPE@@W%(P@ doui epasg@,gof or exanpl e,
from Boul der {or Al'drich. Thé cafalyst |of the formula

3MBI in thamiatso e prepared as described Qy J. A Ewen,
RiL. Jones, A Razavi in J. Am Chem| Soc., 1988,
(XamE1)0, 6255 or

as described in EP 0 354 (391. The
of
PropegE pELSSHE by

| W7 Spaech™ MRt beor oo BT S, R
Kl ein, J.

Roho.oBhMHEE) and A. Wnter irp New J. Chem,
14

6 (1QQO\ 499 The reactiaon conditi

ans under which

ﬁunounﬁef3hﬁﬁicent

@td Hh6@gri es and t enper at

thoé t9é6i6§$ i n

/\U.Il l CO J.U.

Totalpglmegtritmn e

5 i & 5T T

P

I/t:l-‘AUUl/U;ﬁR)q%{ 27 .
TOIue?%l propene/ B- ne hyl but -1 -ene copol yns 200

rabte I Reacti

artions or
firzati on and of

MAOt he  3-net hy|4pgtmb- ene copol yneri zati ¢ago fgncentrati on
series Tenpeflat ur e series Tenperature 30C
Catalysh, 30, 45, 60- {2 - 10~ mmol 2 -10” mmol

|1 - 107 mmol)

(3MB1 homopolymerization:

Example 1a: Copolymerization in the presence of [Me;C(Cp)(Flu)]ZrCl, as a catalyst
In tables 2 and 3 below, the results of the copolymerization of 3-methylbut-1-ene with propene
in the presénce of [Me,C(Cp)(Flu)]ZrCl, as a catalyst are reported. '
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15

Time Ih Ih (3MB 1 honopol yneri zation: 6 h) Mle

‘fraction of 0.00; 0.20; 0.40; 0.60; 0.80; 1.00 0.80
WO Z8/dbekbrs t he m xture (X3MBlI) Propene pressurePQI0TPIOA/054580

(for X3mMBI = 0.80: 0.03 MPa 0.035 MPa) Anmount of 3MB

1 0to 10.66 g 4.94 to 13.66g Total concentration

0.4to1 nnol/1 0.60 to 1.22 nol/L Toluene 200 nm 200

m MAO4OO nyg 400 ng Catalyst 2 10 3 mmol 2 10 3

(3MBL homopol yneri zatjon:; 1102 NP

Tablq - O‘(géﬁ )gfélpq polymertzatign fqﬁgltbwétgém@at;gyst eZC(Cp)(FIu)]ZrCIZ for the
concenive B@ Fies Bl apdlymeriZatigs temparetatesfi30’E. t abl es 2 and 3

Propoltpnafy, t|AetivigJugtis./0f t hacapetionndr | |Mtltingrpooit Molar mass

-net hylibut -1 - e DI Open int r e of
3‘““%&@‘6‘6 ;’ ey Fororel L %m%%v%m;%%ma A ?@Eicﬁ?gia? woM [g/mol]
in the 200:8/006636 PCT/ EP2007/ OpB3D © 28 Talhssitdn téeratireVy of

the pol ynerization results with the Eﬁalyst
[ Me2C(Cp) (Flu)]ZrC12 for the concen tion series |at

@.ge0l ymeri zat | gg19t enper ature gf 30C.| Priopomti.90.70f 66100

Activity [kagp 1y e 1 |ncorporation of Melting poilnt

00ar mass  3- FEbhyl but gne ('ﬁﬁl5m hrfol ,123. 8/13‘!15/‘1’)4] 77950
FAgEt hylout=1=gmg Tt/ T { QL grass Mith] 138017 | 68250

the m xtlure [rm]l% transition tenperlature PC%}j 0. 00
DH09 0 1212/13318/0.7 66100 <. 20 107611@-(0.151-2/-2-0 65400
1217 Q/l 1742 | el 4 | A 2700 aY A0\ 111 Ia

. O L9, Il 1. ' TI90U J. 44U L J.‘+ .

51142 0/ - 0“7; 63250 <] 5102.0/1162/5.0 51200
1.00 2 100 - : -

M,, = weight-average molar mass

Table 3: Overview of the polymerization results with the catalyst [M62C(Cp)(F lu)]ZrCl; for the
temperature series at Xavpg; = 0.80.

Polymerization | Activity [kgpotymer/ ' Incorporation of | Melting point | Molar mass
temperature [°C] | (molgeh molonomerd’)] | 3-methylbutene Tu/Time [°C)/glass M,, [g/mol]
[mol%] transition temperature
| [°C]
15 49 <1 128.5/117.2/-1.1 68000
30 156 <1 118.6/105.0/-0.8 59600
45 158 _ <1 97.5/-1.5 739700
60 68 <1 96.8/-0.5 23000

The second melting points reported in tables 2 and 3 are suspected to be attributable to

recrystallization processes during the measurement.

As can be discerned from table 2, a significant decline in the activity from about |
2000 kg/(moleg; - h - MOlmonomer - I'') in the case of the pure propene polymerization to about
73 kg/(molea: - h - MOlmonomer - 1) at Xamp: = 0.80 is found with increasing proportion of
3-methylbut-1-ene in the mixture. Thé homopolymerization of 3-methylbut-1-ene proceeds
with a low activity of 2 kg/(moles: - h - mOlmonomer - 1) (the unit molmonomer - 1" represents the

concentration Cmenomer)-
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0.60 318 <1 119.0/131.2/-2.0 65400 0.80 73 <1
102.0/116.2/-5.0 51200 1.00 2 100 - - Mw=

WO g@0&4H9e030er age nol ar mass 5 Table 3: Overvi ew RFT/ER007/054580
pol yneri zation results with the catal yst
[ Me2C(Cp) (Flu)]zZrCl 2 for the29tenperature series at
X3MBI = 0.80. Polynerization Activity [kgpoi3me,/
I ncorporation of Melting point Ml ar nass tenperature

As c%rg})? gﬁgg@ew i}aBle tﬂ-%rl ]lﬁ %} H? IP#I{SI{%E% génﬂg{é%la ) Fnd 45°C for the

polyth&lization 4@npetatiite? 8. 5/ 117.2/-1.1 68000 30 156 <1
118.6/105.0/-0. 8 59600 45 158 <1 97.5/-1.5 39700 60

68 <1 96.8/-0.5 23000 The second nelting points
It cah %@Oc{i%c%%le'g lrfr&? bolo?ns ta%le% rlgatg arL&i n% Liﬁ REE tw?eggft %Vgg%e molar mass M,, is

recry |za proc
obseitvB@ wiBdiBbic8iBN brop &ﬁloﬁsOfcaameb@wﬂm C&e g thef ﬂlﬁmutea’bh@m%lar mass M,,
a significant decl ine in the activity fromabout 2000
likewggyy fadis| witth risingnpelymegpaiion temppratyres He walgencef harg dbejngr particularly

greatﬁgfqﬁ%ﬂfgvn&p mnes J{nj)maﬁ{?& C&@Moﬁg%uéﬁyﬁn;%{yﬁgowgﬁmre of 15°C to about

two thi?€d @asuoo%r/ 12@95 fad)l?ﬂleﬁﬁatloﬁ't&ﬁf)é}ﬁiu?@éf$O°€n¢h1|s@m efor example, be
m xture meri zation of 3-nmethyl but-[-ene

due tpresreasad ocamehceao t@mnaatucprmeagtlcms ?h«glb(aﬂmaases off thawesipolymers and
resent s

of BByl S e 2 Ui s B s H5eehS Jf"Eel permeation

chroriésd: 5125007/ 054580 29 As can be discerned fromtable
3, there is an activity maxi num between 30 and 45C for

the polynerization tenperature. It can be di scerned

SRS R L W N —
To th?go&gir) %tsnglglglﬁlf PrdTed Myl iuthe koﬁﬂﬁnéﬁw&i‘&na@z&& % 8 Meth& Toledo DSC

821° differential calorimeter with a heating rate of 20°C/min in a range of -100 to +200°C.

~ From the data obtained by heating twice, those of the second heating were used. In the case of

glass transitions, the samples were analyzed once again with a slower heating rate (10°C/min).
The peaks obtained in the recording of the curve were evaluated electronically with the
program STARe 8.01 from Mettler Toledo. What was notable in the results of the DSC
analyses was the occurrence not just of one melting peak for one polymer, but rather two
melting peaks which merged into one another were found for the resulting polymers. This
phenomenon known from the literature for syndiotactic polypropylene is attributable to a
recrystallization process (cf. Graef et al., Journal of Polymer Science: Part A: Polymer

Chemistry, 2002, 40, 128-140; De Rosa et al., Macromolecules, 1998, 31, 6206-6210).

In addition, as well as the melting peaks, weak glass transitions can be detected, which indicate

- the presence of amorphous regions. For different proportions of 3-methylbut-1-ene in the

mixture, a slight fall in the glass transition temperatures could be detected for the resulting

polymers, and also a clearer fall in the melting points. With rising polymerization temperature

-and falling molar mass, a distinct decline in the melting point was observed.
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likewise falls with rising polynerization tenperature,
| ence here being particularly great,
WO%Q@/PQ@;& rom 68 000 g/ nol at a polynerizati on1§é1:]/%?)‘7‘5/8\5/054580
tenperature of 15C to about _two thirds (23 000 g/ nol)
at a polynerization tenperaté@e of 60C. This m ght,
for exanple, be due to increased occurrence of
term nation reactions. The nolar nmasses of the
WithciapebyhE popafitdbn1dT Pimethfibupdleyp i el ialxeurdethe petplogtidh dfsyndiotactic
as descri bed above by nmeans of gel perneation

pentadsrfginsiggificrly: wiite itreshiilI82)y gpevte mepwsrrolaeigetiPhel falls to a
ol T RO ARG TR o .
deterviifiatnak wZetbeted 1By Mbirs|ogr > J miver @ﬂ@ﬁ@SCO%? B24as assumed that there are

differential calorinmeter with a hearing rate of
no siggedy mi the methyl regiqgeoighe propena as anpgd Q1 the comenmnatat a
obt ai ned by heating twi ce, those of the second heating
were used. In the case of glass transitions, the
EvenS@AbwsiE o #‘h,@ls AREbYABR 8NEEA&RIA 3MnkihyBus WNETwdEAbicB@ble in the
5., rate (10Cnin). The peaks obtained in the recording _
C Ni¥IRt dpecteasittms e be cenvditded tmeaielylomang tntbe dallipg wioldn nidsees and melting
. program.STARe 8,.01 from Metil er Tol.edo. \Wat S . o
pointR P h; B RHRPTIEE 1% 3 TERLYS DeRe 56 h 4Pyl (5 nphdust “pure
polyREFHEILHRE iRQLed) #%peﬁéBQﬁ&hﬂﬁﬁtti-&Qe RBIyHREs, OlBeit only with low
pol'ymer, but rather two nelting peaks which nerged
incorporiatiomniwvarbstin preparade afid thatl tHeocortdspondasg i bighalg in the NMR spectrum
ol yner.s., Thi.,s phenonenon known fromthe literature
havefeﬁ?y@%aitlﬁﬁ%f&ﬁ c polypropylene is attributable to a
recrystallization process (cf. Gaef et al., Journa
of Pol ymer Science: Part A Polyner Chem stry, 2002,
In cdfirast 2hel A0mopeyReszaten af . 3-mvthytlondteneubeseedb898) &fresponding

RS ol B it e 2 0 5 v
C NV P (AU SERESIL A LATDY 3PS Wil AS.CEpEmIZICIMAO.

The mimtters specidy shiohheak & attribtdblectogllaisls carbaum afotri mithe poly(3-methylbut-
tenperatures could be detected for the resulting

L-enep oyrpleyY)- and al so a clearer fall in the nelting
points. Wth rising polynerization tenperature 30 and
falling nolar mass, a distinct decline in the nelting
poift was observed. WO 2008/ 006636 PCT/ EP2007/ 054580
30CcW tch i ncreasing proportion of 3-nmethylbut-Il-ene in
the\nyxture, the proportion of syndiotactic pentads
ffal4@ significantly: while it is still 82%in pure
6o_pésn; pol ynerization, it falls to a

n

1 2

The signals for poly(3-methylbut-1-ene) were assigned on the basis of a publication
(A. Borriello, V. Busico, R. Cipullo, Macromol. Rapid Commun., 1996, 17, 589-597) and of a
patent (T. Asabuma, Y. Tamai, Jpn. Kokai Tokkyo Koho (1991), JP 03200812 A2), although
the spectrum in this document is greatly simplified.

- It was possible to pfove the incorporation of 3-methylbut-1-ene in the polymer by means of

Pyro-GC-MS. In this method, the polymer is pyrolized, and the fragments are separated by gas -
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proportion of approx 70%to 80 nol % of
3-nethyl but-1-ene in the mxture (fig. 2). The
WO&%Q%@ 644t i on was effected by means of 13C NVECI/EP2007/054580
spectroscopy. It was assuned that there are 5 no
signals in the nethyl region3bf the propene as a
result of the conononmer. Even though no signals
attributable to incorporated 3-nethyl but-1-ene were
[ t ,has
chro B (P Pah 08 AL o Yo Btk LoRSpAIPRE by meaps of one

charavekistie) pealp dhnéash wedst for shegwir b@ﬁmdlme@fand from their ratio in the
3-methyl but-1-one_in the mxture that not_ just "pure
copolymep 6111395?3&19}7411@%“’% referraeete the ageéqfévl@& et th insorporatiope determined
Y 1 -
by m BT TERam OSBRI B8 LB 12,

to didve DiMBLspeEt biMthdausolresf | @8t comohfiBeGhéfporkitd. Accordingly,
contrast, the honopol ynerization of 3-nethyl but-1-ene

propeeemedstbut-Aeseraopelypiet gre obtared hmf@pe@p@mma@pn estimated at
well eﬁo (o%e %‘é}cg tglké%ﬁmnglgrg%\{v F 6:%]6 copo yngers gbtalneél at )f(n,%] 0.80.
poI y(3 nmet hyl but-1-ene) prepared with
[ Me2C(Cp) (Flu) ] ZrC12]/ MAO.  The nunbers specify which
Example bt €opolyniepizatipn én the mseme ofraoiMeGind)d Zrek as a catalyst

a8 75 BN L 1 G OF B Bl heretty bty 1-ene wit

ropefie i€ R PESARD D mégﬁd 7et1,as pUbhiyeation (A,
P pBorrlelSp$ , V. Bu03|tco2 .)%p ’ (S), l\/hggorml Rapi d

Comun., 1996, 17, 589-597) and of a patent (T. -

Tableé%%@%%‘%%wl% &%gc{lmgf&%tlog%lésﬁuhté ‘?ﬁbﬁ’t%r‘i??ﬂq%ﬁ 19— )ez’C(an()i)z]ZrClz for
the cEHREMPRIBh skifesti 8 dbly¥nedizMRbi fehPdranirt 0BG ROSSI bl eto -
prove the jncorporation 3-nethylbut-1-ene in the

Propopsishyfier bytl‘n'e(e[hamﬁa‘,/ Pyr ¢ h@@m@ﬁoﬂ of t HVigtimepdigd, t Holar mass

s IR bR ormat) Pot? ERIBOA PO aso s SERT S8, fwmo

inthecﬁvnmmtcgraphy and anal y; Bnbl%q]th a massmspent [Wiet gr .

onoe

oo S PYSSHBe Y reans—ot—ene T 133.9 9300
0.20 4230 00 130.3 - 8200
0.40 3376 1.0 125.1 8100
0.60 1967 35 116.9/-10.2 7550
0.80 1103 8.9 88.5/-12.5 6800

1.00 15 100 295.2 9300
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characteristic peak in each case for the two
honmopol ynmers and fromtheir

wo gHEAeS

ratio in the
rans - wWith reference to the peak ra
porations determ ned by neans of 13

copol yner

spectroscopy for the copolyners prepared with

‘rac-[ Me2C(1 nd) 2] Zr C12
anount of the conononer

propene/ 3- met hyl but -| - ene copol yners wer e obt ai ned,
Tabl®Wt Ovepliéw iofGRE PElytetioRionRhil¥Bk RN tiad catiigt! mquyt@ﬂ@z]ZrCh for

téicﬁﬁ/ﬁ?%jowosuso

5 to ¥ aw concl usions on the
i ncor porated. Accordingly,

percent, is extrenely |ow even for the copol yners
the tmmtn@osen@s H3B = 0(8080 Exanpl e | b:
1 III lIIC |JI T IILaC . s
Pl B ot FRzrtho s - DECERRLom 5 [PABFEPo L [Rioler mass
templrsthR\VPCle qammmelmgng,,gw)q s of |1 -methglopehey NEHPCRgdss on of | M, [g/mol] |
3-nethylput-1-ene with proaen n the presence of
rac-[ Me2iC(1 nd) 2] ZrCl2 as a g{i/ TapT28518°" over vilew
of the pol ynerization resul s with the Gethpdratst [°C)
______|:_a_g_[__ME’)(‘(I ndy 21 Zr C12 f or he concentriation series lat
a lpol yner i zation Xénperaturk of 86C. PropoRtPor-of 14500
AGRT VI TY[ [KOPT'Y, g4%, / T ncorporat ypgn of [VEITgMgoR0 N g200
Mol ar ss 3-nethylbutene [nol ,t hoolm e 11)]
34pret hy| but ene [Cj3/4gl ass transititdh M a.l[sg/ §BH1-10.3 n tlhe 7500
1 I. ul U LIIUI “/ cl dl Ul © Ul U U 4V V. J
ToR0 " 0.0 420 B 1303 8ho 8190 3ave Tod igb 1| &0

8100 0.60 1967 3. 5 116.9/-10.2 7550 0.80 1103 8.9
88.5/-12.5 6800 00 15 100 295.2 9300 15 WD
As comp g Gowems ey Eb@oﬁw g5stipgh falgm the petivaty Wik feundwhese too with

mcreéshlgg ?%gé@?l oé@l% %ﬂé@ﬁ%tﬁe%ﬁnpée %)é&?% %&ééé{glgp%h the atctwltles were

overaX3iBierthéh & thPohiylyer IM&U(0p)(P) 1 2rCLY WHeg i particularly notable is the
I ncor por ati on of I\/Eltln Mol ar nass tenperature 0.80,

still qogjpagatiyelythigh aesivity, Qﬁabom"lp)%lprlggl(mahy Iloumehenchd] I g po¥sus: =
which cor[rgspon(gs to elbou‘cI f@teetnrtnplgsl {he value of the activity found for the Cs-symmetric
catalyst [Me,C(Cp)(Flu)]ZrCl,. In the temperature range of 15 to 60°C investigated, an activity
rising with increasing polymerization temperature was observed. From 15°C with an activity of
about 500 kg/(molearh-molmonomerl™) at Xampi

increase up to 60°C with about 2300 kg/(moles-h-molenomer!™). This catalyst too succeeds in

= (.80, it experiences virtually a five-fold

homopolymerizing 3-methylbut-1-ene, actually with a slightly higher activity of

15 kg/(molear-h-molmonomerl™).

The molar masses are below 10 000 g/mol for all proportions of 3-methylbut-1-ene in the -
mixture and are thus relatively low. With increasing mole fraction of the 3-methylbut-1-ene in
the mixture, a slight fall in the molar masses can be detected. Determination of the molar mass
of the poly(3-methylbut-1-ene) by means of GPC or viscometry was imposéible owing to the
insolubility of the polymer in various solvents even with strong heating. The molar masses of
the copolyiners and of the polypropylene were determined as described above by means of gel

permeation chromatography.

The melting points fell by 45°C from about 134°C for the pure polypropylene to about 89°C for
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‘tenperature [C] 15 517 8.5 88.5/-13.2 14500 30 843
91. 1/ 9.8 8200 45 1534 10.0 89.4/-10.2 7500 60
WOQQ@%/O%@ 66.3/-17.5 8700 As can be discerned fFomEP2007/054580
table 4, a distinct fall in the activity was found
here too with 5 increasi ng PBoportion of the
3-nethyl but-1-ene in the m xture, even though the
activities were overall higher than for the catal yst
e 3 . at i I b
Xovi 000 PR e the 1k pEpoR 2l A Sar By e potymer,
whidkgwdsnadattandouslpaksvoiated with a deciebiseXdNBd nold). mBéses. Whvashalso notable
corresponds to about fifteen tines the value of the

that ghe; Gappymers GRYbY @lass fangibions amwelas the mefimgspeak from a comonomer

)doZr C12. In the tenperature range of 15
mCOIEp (Bff)ﬁéée:dsttt:}’lég/gt ed, an activity 10 rising with

i ncreasing pol yneri zati on t enperature was observed.

From 15C with an activity of about 500
The t@gw@%ﬁogmﬁfgma\@pgﬁ@o yners #tin gmvenge-oapgoox. (7P to 90% (isotacticity), i.e.

the 1?3%%?{01’(% \gﬁb d'f ﬁ'%/ éré%%é b \rlml Irrgllcreltgxxlgup ;frej,elg S1\’1:1?_I‘g]hegpolymer C1;he tacticity

was Gefephit®l 60 HUYCSBEMS inNthe NABMPD kA i(#i THE range of approx. 19.5 to
3-methyl byt-1-ene, actually with a slightly higher

22.5 gpm) i thy "§F NMI spegtromel cat . hmol monomer ') 15 The nol ar
masses are below 10 000 g/ nol for all proportions of
3-nmethyl but-l-ene in the mxture and are thus

To détehmink \d dhcb@Wratidh! i v ATSRScBB b %silgﬁqid e aqa‘ fr@nﬂ&he BCNMR
3-nmethylbut-lI-ene in the mxture,
spectrire takghg Acovpsiseishe EfEPH‘eemen@@me(@lst@étoghﬁ Eahangﬁn@ft btyﬁ’e)lanzatlon

TrangtBo” Bh TR ma ot ) an A SR s SRR 15 iR Seching point ofthe

1soprbﬂﬁ‘§r(§’tﬁi teldtive @ tHeREzrRPbHNBICH Bra¥iehih®YSing ﬁjoﬂletﬁé Prop¥dfraction. The
wth strong heating. The nol ar masses of

deterpgppsiopnessseifenteddfy mbanspdl tly@ spr)yare rz’éim/é‘rpec\dmve(r\mm@d 3&9) by hand

by R b%%#i%%f%hﬁ%@”ﬁ@? Bnfe i ertieelE) BEPmpfoagdngqrapgation of wp to

abouP U % BAGh R ed 1B %rﬁé&%bﬁ )%&ata#é@ U&lff@l%gt $@portions of
WO 2008/ 006636 PCT/ EPZOO 054580 33

incorpmra‘padrctonmmafdey werd founfielnrthe [rm;gepnvzqsngattecb rth@ﬁombllmmer proportion in
thyl byt -1 - I
the polyrrxrlgr Vé\gedubetween s Iax?d (;] renoP"z. ymer.

It can. be discerned from the above examples that a copolymerization of propene with
3-methylbut-1-ene is possible. Even though homopolymerization with the 3-methylbut-1-ene
with this catalysf with low activity is possible, it was possible with the Cg-symmetric catalyst
[Me,C(Cp)(Flu)]ZrCl; only to prepare copolymers with extremely low incorporation, albeit

noticeable influence on the polymer properties.

While the syndiotacticity decreases significantly here with increasing proportion of the

* 3-methylbut-1-ene in the mixture, the isotacticity of the polymers synthesized with

rac-[Me,C(Ind),]ZrCl, varies within the range of 90 to 70%, while the isotacticity falls With

increasing proportion of 3-methylbut-1-ene in the mixture. It was also possible with this

' catalyst to achieve significantly higher incorporation rates, which have a particularly marked
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whi ch was simul taneously associated wth a decrease in
rr masses. It was also notable that th
WO?@@%@@& exhibit glass transitions as well alEC?/r]Eé>2007/054580
melting peak froma conononer.  incorporation of about
3.5% 5 The tacticity for thé4resulting copol yners is
in the range of approx. 70 to 90% (i sotacticity), i.e.
the isotacticity falls with rising proportion of
effecd onehdwyklbiug pbingne in the polymer. The tacticity was
determ ned fromthe pentads in the nmethyl region (in
the range of approx. 19.5 to 22.5 ppm in the 13C NWR
speciram 10 To det I N e jncorporation, it was
Exa it (ot Ben ey SEPEIRE-LRERRE AR ne' 136
In exaRgés 2ot RKA BEHBGFRMPériRénts DetdEFh WiBR thedMBhortion of 3-methylbut-
(Di'stortionl ess Enhancenent by Pol ari zation
1-eng veassvagied . wapheerfonned psingt thae c%’éfgredb ténlybthedhe reacti¢re conditions for

Si |, for _the chai.n br ing point of the isopropyl
a4 3 p gF Gk D R P tal of "the O branchi ng. por i
fromthe propene fraction. The 15 determ nati on was

ef fected by neans of the software ACD SpecVi ew

Tabl_@ YeRedctinn gorklifionsyof] h]mnjherty:@ —mﬁn@u@-ﬂ -eae gepddymerizations.

ni ooy At n Lin tha vy A~ 0L ti ot ~d FaWalaealaVa¥asald

: LILILY MUI AL 1 CII- L] 1 LA ™2 T u.n C : IIVCSL! aal UuU a CUITLUTTUITL T
i ncor por at i on |GRPERIEYS ZahAdgcroPerFRiation RKiE ed. For

vari ous polyndgrization tenperatures, different

Tembdrafiedst | ons of| goearcor por at ed conononer were found. In
he range investigated, the comononer proportion in

Time he pol yner vgdbednpextceptd BinSonKel, ;10 Oromi0% ar@ilh.§ h faak,y = 1
be di scerned flromthe above exanples that a
copol ynmeri zatijon of propene with 3-nethylbut-l-ene is

|in th@gfik el (XS ) Pgssi bl e, it was possible with the
Cs

Mol BRI S NI | Q00 DD 01O R0 D B o2 Do b 1 oo ‘

-symetric ¢atalyst [M2C(Cp)(Flu)]lZrCl2 only fao

Ethemr mpssuge copol \f ARS ta) #HMVBx (foeXely = @80 e MBaht i on,

i ceable i nfluence on the polyne
AmopnisfMBls. WiPtel4R8gsyndiotacticity decreases

o | |||f; ‘Clllt:y } 1 C V.til ;llblcablllg IJl UIJUlt;Ull Uf t:lc
TOtalsc-oﬁﬁ?Wﬁ%t -1 Qﬁéoilrﬁztrﬂ%mm xture, the isotacticity of

Toludde€ POl yTETS YRS BgSt zed Wi tn rac- [ MEZT(Tnd) 2] Zr CIZ
Ouvarles wi t hin tﬁﬁe range of 90 to 70% while the

MAO sotacticity fadd smgwoOb ndol)ncr easi ng proportion of

?-npthylhut-l-pnn iLn the mxture. 1t was also pnqcihlp

Catalyitt h t hi s 7.5x10-5 mmol (for Xaye = 0 and 0.4)
1.0x10~4 mmol (Xamz = 0.6, 0.8, 0.9, 0.95 and 1)
~13.75%10-4 mmol (Xamg = 0.98)

Example 2a: Copolymerization with catalyst [Me,;Si(Me,;Cp)(N*"Bu)]TiCl,

For the polymerization series with ethene, the catalyst [Me;Si(MesCp)(N""Bu)TiCl,
(formula I'V) was used. The conditions under which the experiments 2a were performed can be
taken from table 6. The catalyst of the formula IV éan be prepared, for example, as described
by. J. Okuda in Chem. Ber. 1990, /23, 1649, or as described by F. Amor and J. Okuda in J. |
Organomet. Chem. 1996, 520, 245, or as described in EP 0 416 815 or US 5,026,798. The
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catal yst to achieve significantly higher incorporation
rates, which have a particularly marked WO 2008/ 006636
WO HIBB/GE56807/ 054580 34 effect on the melting p&iEP2007/054580
Exanpl e 2: Copol yneri zation of 3-nethylbut-I-ene with
~ethene In exanples 2a to 2c,3% series of experinents
2a to 2c in which the proportion of 3-nethylbut- 5
1-ene was varied was perforned using three different

resul FHERIARES for RBcAEN AR AL LAND S e RRLES =0 10
condi tions of the ethene/ 3-nethyl but-I-ene

copol yneri zati on. _ Experinents 2a, 2b and 2c:
TableConzent PXETVR sedf es therenpelymetizaionsoaevilife 4%ithi n the  catalyst

ey e A

0.95; 0.98 in the m xture (X3MBlI) Ethene pressure
0.025 to 0 4 MPa (for X3MBI = 0.80: 0 035 MPa) unt

Mole offraghig |AcGvitstketdnds g [HBtcaporetionc eleling ofMolan mags Mglgr mass [PD
T 00 4 ( m | psit
B e T L R R
buten(x@NBhez 0.6, 0.8, 0.9, |mds and 1[°C]3 75x10- 4 mo|
S3MB 5 0.98) 10 Exan'p[ 012,@1 Copol ynmeri zation wth
catal yst [ Me2Si (Me4Cp) )1 Ti Ch 2 For the

mix

0.00 pol yrrerilZMO'Oon seri es vQ t h et hene, 138 he cai%ilqu)st 576800 1.5

{NIGZSI { ) \N et uu; \fOi’ 24 used
1040 The coréﬁffq\ggns under \M‘P h the exp}gﬂ? 251“9’%@ 482500 22

0.60 perfornmegizoan be takemdromtabligiéy Th°146@¢0al yst31@600 2.2
the forimil a 1V can be prepared,—florexanple—as

0.80 descri H@M%0by J. Okudaldh Chem HEP9-61990143403 187600 2.0

0.90 O as geggyppl bed by F. A4pr and J.jglsuda Jda3en 19 138100 1.9
Organonet . Chem 1996,1 520, 245, lor as described fin EP
095 0 416 88%0%r US 5,026,[Pd8. The |47.0 5500 9500 1.7

0.98 1400 17.3 Ts-56.8 |2300 2900 1.3

T = glass transition temperature
PD = polydispersity \

M;, = number-average molar mass

As can be discerned from table 7, the copolymerization exhibited a high dependence of the
catalyst activity on the proportion of 3-methylbutene in the mixture. Owing to the large fall in
the activity with increasing proportion of 3-methylbutene in the mixture, the attempt to

homopolymerize 3-methylbutene was without success.

The incorporation behavior of the selected catalyst for the 3-methylbut-1-ene is relatively
highly dependent on the proportion of the 3-methylbut-1-ene in the mixture. At low to medium
proportions of 3-methylbut-1-ene in the mixture, there was virtually no incorporation. At
98 mol% 3-methylbut-1-ene in the mixture, however, an incorporation of 17.3 rﬁol% of

3-methylbut-1-ene in the copolymer was achieved.

With increasing incorporation of the 3-methylbutene, a fall in the melting points was detected. -
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WD 2008/ 006636 PCT/ EP2007/ 054580 35 results
determ ned for experinent series 2a can be taken f
WO 2e(/@06p3pel ow. Table 7: Overview of the pol yné’rGTZEPsz/OS%SO
results with the catalyst [Me2Si (Me4Cp)(Nt"tBu)]Tid 2
i n experinment series 2a. 5 Mde fraction Activity
[ kgpt r/ Incorporation Melting l\/bl ar rmss Mol ar mass
PD of 3-nethyl- (m)lTJ h-nol , , , " ")] of

o T8 R AL e SRS o ant

poly&ﬂﬁ&&o(ILﬁPE)owé@ oBA8RAQHE Mekitg. }ﬁblﬁlaﬂDDDPEZIEQQpIEaIB’ in the range
0.60 143200 0.9 119.7 146000 315600 2.2 0.80 603

betweenzabpot 1¢) amBb)°8Y.olpampingorporatign pAg0and. 96 owl%, 21@31@@ low-density

B Ao 95,5508 o TR POyt Bon i

rangd SfrD@ rgt100eCPOle dpblsics REES btdbnMnomeﬂ b for@ionr GUE7.3 mol% was
mol ar mass |0 As can be discerned fromtable 7, the

compdesplyl aproaplicua evematageriémpaatirci gh dependence of the
~ catalyst activity on the proportion of 3-nethyl butene
in the mxture. OMng to the large fall in the

The #oldrVina¥se¥ deBreb QI BRIWOIpRN AP A1t ieBNwith iBcroBilY idtot@i&ion of the
In the mxture, the attenpt to honopol ynerize

' -meB}yﬂmt-l’lyetrbusce freat mpmlyntm haviegcewyent 1§ 3fmethylbutene of 18 mol% can

I cor?or tion berpal1 of the selected catal yst for

alreagyype HO 2 A ITFually Qlipmerg SGIRAMY- hj ghly dependent
on the proportion of the 3-nethylbut-1-ene in the
m xture. At low to nedium proportions of

It waSpomstbiy With thd cataipst used therepaxe ethene/I-msthylbntenecopelyakisy
no incorporation. At 98 nol % 3-nethyl but-1-ene in the
m xture, however, an incorporation of 17.3 nol % of

Example 2b: Copolymerization with catalyst [Ph,;Si(OctHFlu)(Ind)]ZrCl,
For the polymerization series with ethene, the catalyst [Ph;Si(OctHFIu)(Ind)]ZrCl, (formula V)
was used. The conditions under which the experiments 2b were performed can be taken from

table 6. The results determined in experiment 2b can be taken from table 8 below.

Table 8: Overview of the polymerization results with the catalyst [Ph,Si(OctHFlu)(Ind)]ZrCl,

of experiment series 2b.

Mole fraction of |Activity [kgpoiymer/ Incorporation of [(Melting Molar mass [Molar mass [PD
3-methylbutene (mdlZ,-h-molmonome,-l‘1)] 3-methylbutene [point M, [g/mol] M, [g/mol]

in the mixture [mol%] | [°Cl

0.00 : 108700 0 140.0 791800 12174800 2.7
0.20 145900 0.5 ' 127.7 475900 1177700 2.5
0.40 45300 1.0 122.7 200800 499000 2.5
0.60 42200 2.3 109.0 191300 394800 2.1
0.80 15000 5.3 92.7 201600 420200 2.1
0.90 3800 9.7 63.7/(121.5)|94800 197900 2.1
0.95 2000 13.2 44.9/(119.5)60000 119700 2.0
098 700 19.1 Tg—48.5 45900 84100 1.8

Tg = glass transition temperature. The values reported for the melting point in brackets are
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3- nethbeUt-I-ene in the copolynmer was achi eved. 20
~Wth increasing incorporation of the 3-nethylbute
WO 2@08/0G6836he nelting points was detected. WO PCT/EP2007/054580
2008/ 006636 -PCT/ EP2007/ 054580 36 Up to an
i ncorporation of about 4 nol% of 3-nethylbut-I-ene, a
linear |ow density polyethylene (LLDPE) was obtai ned
(the nelting point of LLDPE is typically in the range
and 130C). At an incorporation of
Smalp @V{%ﬁlﬁl %Q]g‘%ggfz%% an ultra lowdensity polyethylene
PD:(;JJL}Q?@er s obtained (the nelting point of ULDPE is
typl caIIy about in the 5 range of 90 to 100C). The
2 Cwpier-pearagd molanmeshononer i ncorporation of 17.3 mol %
was conpl etely anorphous even at room tenperature.
The nol ar masses decreased by two powers of ten with

As cduf‘ﬁé ABBEMEd HRELTBRY 8 thekopblyinRfzatidnsRkhnltedlh Higle8pendénce of the
that a copol ymer having a content of 3-nethyl butene of

CatalB?SB amﬂﬂ% @the pk@)oaﬂlwmaﬂ%rnmhyﬂ@ftm indhe misgre Gving ltsalheylarge fall in
oner.i ¢ conpound pos wi.th.the at al
the 4G4y tvs% P e PieALIos. L CRY Ry Dufea® b pibe Hifge” e tempt 1o

PAKERAb thbRbubkdsh catal yst
homo[%éﬁ% (Oct HFtIggl) (1I'nd) ]aZrCI 2 1%1 For the polynerization

series wth ethene, the catal yst

The Pgéﬁglf 1%1; Hqgllﬁ‘lél)gé lo\rﬁlﬁ%% é&g&éd&%&g}]@%}@e 3pn AR I eI-I’l-e % relatively
hightP QEHHPRBGRE pRIpoHREEST the 9%etﬁ§“lj91!ltel Bne ihNRe ﬁﬁ)&ﬁ{et At 10\% to medium

det'erm ned I n experinent 2b can be taken from tabl
propdrgbmsnof Iahrbtbleut—Dem i dw wmixttiee theod yee relztivélp dowasedrperation. At

it h_the c st Ph2Si t HEl.u
98 m&%@? %‘r?%fﬁb § ter%‘?‘lé“? raﬁc‘flg%ﬂ ?“J’ ﬁ%ﬂf’gf’q(wfp}‘mﬁhﬂbmi
Iting Molar nmass Mol ar mass PD
1ene§£tﬁé‘ﬁ@5§&tﬁeghﬁ§9 CHFVGMEh mol., & 1')j 3-nethyl butene
point o [g/nmol] M, [g/nmol] in the mxture [nol %W [(C
0.00 108700 O 140.0Q 79180Q 2174800 2. 7 _0.20. 145
With gnageasprg, incorpgrghion 98&1?730@1651@11‘{%@4@ faf{%@dbe 11168‘1%2@1#8 was detected.

The 4A0H0R 400U eRel b 188 RAR0 o 106 OndhBARAP iRO4RRRion of the

3-methylbut-1-ene. Generally, in the experiments in example 2b, copolymers with greater
molar masses than in example 2a have been obtained. It has been shown that

ethene/3-methylbutene copolymers can be prepared with the catalyst used.

Example 2¢: Copolymerization with catalyst rac-[Me,C(Ind);]ZrCl,
For the polymerization series with ethene, the catalyst rac-[Me,C(Ind),]ZrCl, (formula III) was
used. The conditions under which the experiments 2¢ were performed can be taken from

table 6. The results determined for the experiment series 2¢ can be taken from table 9 below.
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0.80 15000 5.3 92.7 201600 420200 2.1 0.90 3800 9.7

wo Jpsdpersy

5) 94800 197900 2.1 0.95 2000 13.2
5) 60000 119700 2.0 0.98 700 19.1

45900 84100 1.8 TG = glass transition tenperature.
The val ues reported for the el t| ng point in brackets
are WD 2008/ 006636 PCT/ EP2007/ 054580 37

addi ti

tabl e

expedmgpingsineec.of the
of 3-nethyl butene in the m xture.

onal

8,

nel ti ng peaks.

smal |

PD = pol ydi spersity M
- Tabl®YNOSEvRVES B E pOBhRE i zBR S SrebulASwitiathe Ratallist £+ MG AN ZrCl, in the
t he copol yneri zati ons exhi bited a high
catal yst activity on the proportion
Owing to the large

.ng"JZgP%OOW 054580

4 fall in the activity with increasing proportion of
MoleFrabRSnNYASRIE NG | R/ T Ne [ mexbsteon | RRItAE T €NPMJIL mass | Molar mass | PD
honmopo| yneri ze 3- et hyl but ene s W t hout|_success|. 10
of 3-mgiyli npBhor Bekmemabohath meByl- t heoife| ect ddl-d&fqtlydfy [g/mol]
butenk Y tmt he 3-net hyl but -1 1gp&ei s rel ﬁtl vely [highly
~ dependgnt on the prop¢rtion of the 3-nethyl but-I-lene
mixtrqr t he| mi xture. At | onm®d%iedi um - proportji ons of
Sethyh Rt T=eme T { g T XU 3 7dTET € Vg foEl at3¥Ejy 19
0.00 | ow i nforporation. At b 8 nmol % )*31 - met hyl but - | -ene?dl n ’
0.20 t he mi }X2902@, an incor p@ation of1289. 1 nol|2WO 44400 1.9
2 it his]l hit et nltha oanal dne e o P AP | 1=
I ey, I CTTIrc— 111 LT CUOPUT ) T Was I vCU.
040 Wt h i r#épgﬁé)y ng i ncorp%’?'ati on of 1I]t'ﬁ'ﬁ)e 3- rrE;I‘f%?l but er%é?)ooa L7
0.60 fall 1Thgvke nelting poapts was feg@abed) |13d0e nol|31400 1.7
- |asses] Ww—powers often—w-th—inereasing
080 i ncor poiP4%d on of the |Biiret hyl bl¢4T(2H8) &894y al | )},“qun 18
0.90 LNE EXPRBHJTENTS 1 N_eXafpl e 20, ¢ppolygers yaohh griegicr 1.8
nol ar_masses than in exanple 2ajhave been obtaingd. 1t
0.95 has begds&@hown that 2.2t hene/ Bfgedh§| byl e 26000 1.9
copol yhn bared—w-thithe catallyst—used:
0.98 Exanpl 639¢: Copol yner | ¥a8i on wi fho il yqt4400 25800 18

1 L= 1.IVEZ TTIU) £] Z1 U1 FUI LIIE | el 1 ] L
To =\feh EERERE, CPREME ol Yot PaciPRESON 5 21 27 g Bomt I brackets are
small(ddaftBabBmbitihy p¥@s. used. The conditions under which

the experinments 2c were perforned can be taken from
PD = polydispersity _

M, = number-average molar mass

As can be discerned from table 9, the copolymerization in this experiment too exhibited a high

dependence of the catalyst activity on the proportion of 3-methylbutene in the mixture.

The incorporation behavior of the selected catalyst for the 3-methylbut-1-ene is relatively

“highly dependent on the proportion of the 3-methylbut-1-ene in the mixture. In contrast to the

experiments in examples 2a and 2b, it was found in experiment series 2c that an incorporation

of a double-digit percentage of 3-methylbut-1-ene is already achieved at a proportion of

80 mol% in the mixture. At 98 mol% of 3-methylbut-1-ene in the mixture, an incorporation of

- 36.8% was actually achieved.

* In contrast to examples 2a and 2b, the molar masses of the copolymers obtained in example 2c

varied within a relatively narrow range.



25 table 6. The results determ ned for the experinent
' can be taken fromtable 9 bel ow. WO
WO SBBBREE 36" Pt EPp0oY/ 054880 36 Table o OvdGTERAA7/054580
the polynerization results with the catal yst
rac-[ Me2C(1nd) 2] ZrC12 in the39experinent series 2c.
Mol e fraction Activity [kgpoiy,,,,e) Incorporation
Melting Molar mass Mol ar mass PD of 3-nethyl- (nol zr
hmol ,,,p ,-1"")] of 3-nethyl- point M [g/nDl] M

[g/mol | butene in the butene [C] m xture [npl % 0.00
The polggiepersityofor g 1osulGRDOIREBETs Wag approz(2. A9e2opolymers obtained in the

. A2 23800. 44400, 1.9, 0.40.256000.2.4 113. 7400 .. .
ZieglsF3igha FA9008, WP ORIsoRYE SPUEORTY Pidbch gk Bp b pRlispersiy. The
valuek- NI, @QuifBer elthoRchdr Wel aBd M3RRiBteRRade holecular weight

0.90 30200 19.4 TG -48.9 15%%8 2_81068(%8g¥l 0. 95§ezo5oo weight)
requisdl ® dE@ErmaE.the pAydiSp2660@ere deteringd bg3nOng6f PTG 26. 3
14400 25800 1.8 TG = glass transition tenperature.
The val ues reported for the nelting point in brackets
A 1o@ Solydisdi8ly isAdabhiROR witk!d tdigiveBAKSrow thotar mass distribution. It i
opoﬁ/%i glzég?s}Ji %Ssgﬁ/l\/l y:anurr‘ger - averélgg})armloar rra%rsm,%\sés clgn CHon. 18
therefiwe gossitde hwp thef proecast atddoedifg td the icomoby beobtziatdopolymers which have a

narro}})\hhigl%&ag:(ngar%% Iélfrgetr;tanltog:) {Isl)é]gf:HVbe:: c%gednﬁ? @Bgﬂ%}e&%&g e?ﬁﬁ}r) ﬁgyecg pglfydispersity |

10 betwkr/Eh OYd DYL SRRrbifialiP 8eXh Yieemabhe | ncor poration

avior of the selected catalyst for the
3-nmethyl but-1-ene is relatively highly dependent on
the proportion of the 3-nethylbut-1-ene in the
m xture. In contrast to the experinents in exanples
2a and 2b, it was found in experinent series 2c that
an incorporation 15 of a double-digit percentage of
3-nethyl but-1-ene is already achi eved at a proportion
of 80 mol % in the mxture. At 98 nol % of
3-nethyl but-1-ene in the m xture, an incorporation of
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Clai
1. Mprbyss gt prey&iroeop sbadedvei @htne arfil/dregropenedast Dmonomer and

| bme@a@ut-hcen@\/mpel gmn@}@@reg,u the PEODOYHRIN PR %vm

36. 8% was actually achieved. In contrast to exanples
2a and 2b, the nolar masses of the copolymers obtain

WO 200%e068be 2c 20 varied within a relatively rPéW/BW-OOWOS“gO

range. WD 2008/ 006636 PCT/ EP2007/ 054580 39 The
pol ydi spersity for the resul4( ng copol yners was
approx. 2. The copolynmers obtained in the
Ziegler-Natta catalysis, in contrast, have
significantly higher values for the polydlsper5|ty

e values M (nunber-average nol ecul ar wei ght) and

deterni ne t he pol i spersity were determ ned by neans
D ol Sanans f ei/hyébut l-ene 1n the

rel t|v mass di stribution.

W y@?%?’g%ﬁg)als{ b‘wemmk/"’t he process accor di ng to the
dHAVRMHz8Mid @aobt ai N copol yners which have a narrow
mol ar mass distribution. Inventive ethene copol yners

the efepodiheriZative ia peofordiedpér she ypresancy eefnge ﬁatﬂl}’ﬂ afdthe formula
é@T @B%%%‘ rentially between 1.6 and 2. WD 2008/ 006636

) 054580 40 Claims 1. A process for .
preparing copol yners based on ethene and/or propene as
a nmononer and 3-nethybut-1-ene as a conononer, the
proportion of the 3-nmethyl but-l-ene in the copolyner
being 0.1 t YO 40 nol % 5 characterized i.n that the

copol ynerization is performed in the presence of a
catalyst/ftheforrrma (cp*) (MMX)mY CPl M (X)m

whema Cp* = group of the cycl opentadi enyl type,
S ect£§¥fron1substituted and unsubstituted
cycl opentadi enyl , indenyl, tetrahydroindenyl,
octahydroqygggenyl and

where Cp* = group of the cyclopentadienyl type, selected from substituted and
unsubstituted cyclopentadienyl; indenyl, tetrahydroindenyl, octahydrofluorenyl and
fluorenyl groups,

Y = group of the cyclopentadienyl type, selected from substituted and. unsubstituted
cyclopentadienyl, indenyl, tetrahydroindenyl, octahydroﬂubrenyl and fluorenyl groups, or
anionic ligand group containing nitrogen, phosphorus, oxygen or sulfur and up to 20 atoms
which are not hydrogen, where Cp* and Y may be joined to one another covalently or via a
zZ group,

M = metal of group 3 to 10, with the exception of scandium, or of the lanthanoids, of the
Periodic Table of the Elements,

X = in each case independently a halogen atom, a pseudohalogen, a hydrogen atom, a silyl
group, a phosphide, a sulfide or an organic radical and

m = a number which is sufficient to saturate the valences of M with the X, and

an aluminum- orvboron-comprising‘ compound as a cocatalyst, with the proviso that, when
the process is a process for preparing copolymers based on ethene as a monomer and

3-methybut-1-ene and is performed at a temperature of 30°C, the compound of the
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fluorenyl groups, Y = group of the cyclopentadienyl

type, selected fromsubstituted and unsubstitut

ed 15
WO 2008/#)6é¢ adi enyl , indenyl, tetrahydroindenyl, PCT/EP2007/054580

oct ahydr of | uorenyl and fluorenyl groups, or anionic
i gand group containing nitr4igen, phosphorus, oxygen
or sulfur and up to 20 atons which are not hydrogen
where Cp* and Y maybe joined to one anot her covalently

Bl ol ol BEc TR ZG P b S R
the 20 Periodic Table of the Elements, X = in each
case i ndependently a hal ogen atom a pseudohal ogen, a

2. Apucegencadimgto glaghllyl  group, a phosphide, a sulfide

¢ radical and m= a nunber which is

°§1 gﬁ?‘éﬂ‘ﬂ“%% saturate the val ences of Mwith the X,
R0 g&ryelemtwﬁms ErfBINRN i1 AP rsdeRh %@@Qy@@sﬁqa %f the formula
cocatalyst, wth he provi so that, when
MCotEYIM(X)a process for preparing copol yrrers based on -
et hene as a nononer and 3-nethybut-Il-ene and is
performed at a tenperature of 30C, the conmpound of the
WD 2008/ 006636 PCT/ EP2007/ 054580 41 fornmula | used is
not [ Me2C(3-MCp) (Flu)]ZrC12 or
[ Me2SE(tmd)Y( Fl u)] ZrC12. 2. A process according to
clai/n 1, £haracterized in-that 5 the copol ynerization
[ erfdgrnmed in the presence of a catalyst |la of the

mu Z(Cp*)(YMXYmzZzY [/ Cs M(XYmla in
whi ch X, Y, M X and m are each as defined in
formul a | ﬁg = boron or a group 10 which conprises
an el eman( iy group 14 of the Periodic Table of, the
El ements and has up
in which Cp*, Y, M, X and m are each as defined in formula I and Z = boron or a group

which comprises an element of group 14 of the Periodic Table of the Elements and has up

to 20 atoms which are not hydrogen atoms.

. A process according to claim 2,

characterized in that

a catalyst is used in which Z is a CR’R? group or an SiR’R? group where R? and R? are the

~ same or different and are each hydrogen or an aromatic or aliphatic radical.

. A process according to at least one of claims 1 to 3,

characterized in that

the aluminum-comprising compound used is methylaluminoxane (MAO).

. A process according to at least one of claims 1 to 4,

_characterized in that -

the copolymerization is performed at a molar ratio of metal of the catalyst of the formula I

to aluminum or boron of the cocatalyst of 1:0.1 to 1:100 000.
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to 20 atoms which are not hydrogen atoms. 3. A process

WO?%?@/{)% to claim 2, characterized in that 1150“?/EP2007/05458O

al'yst”is used in which Zis a CRZR3 group or
Si R2R3 group where R2 and R3 are the sane or
different and are each hydrod@n or an aromatic or
aliphatic radical. 4. A process according to at |east
one of clains 1 to 3, <characterized in that 20 the

6. Alpraftawmo@ﬁimgiosdtm@sc@tmumimasedsj s net hyl al um noxane

(MAO) . Process according to at |east one of
@h%ﬁ%‘lzfdﬂlbtm characterized in that the

6QP 0 r I -0
ARPGUETRRGRAHLR s S BRRLP RS Bl @ R) B SROLRC Lo catptest of the
g{rmlggrmlo,t 161He tgqgg;lal yst of 1:0. 1 to 1: 100 OOO. V\D
2008/ 006636 PCT/ EP2007/ 054580 42 6. A process
according to at |east one of clainms 1 to 5,

haracteri z [ [ [

hat th opol rization is
S PEPHEGC ngaorﬁgﬁegﬁtqngt Gf S ‘gg’rrers to catal yst of

thGactdPedi ad Of 1 x 1010:1 to 100:1. 5 7. A process

according to at |east one of clains 1 to 6,
thharopolyererizattbni is pdrfirmblien co paigreselezttli foomi tautane, hexane, heptane,
{2? rfor d |n a_sql vent sel ected from butane, hexane,

enetaB f giBengsitene and et hyl benzene. 10 8. A
process according to at |east one of clains 1 to 7,
characterized in that the copolynerization is

. Aprdé@snadoatingtotat imastraak wf elanhs 1 3T t o 250C, preferably

50 to
charactenzec? 1n that

the copolymerization is performed at a temperature of -30°C to 250°C, preferably 50 to
80°C.

. A process according to at least one of claims 1 to 8,

characterized in that

the copolymerization is performed at a pressure of 0.1 to 1 MPa.

10. A process according to at least one of claims 1t0 9,

characterized in that

the molar proportion of 3-methylbut-1-ene monomer in the reaction mixture in the sum of

monomers of 3-methylbut-1-ene and ethene and propene is at least 20%.

A process according to claim 10,

| characterized in that

the proportion is 40 to 80%.

12. A process according to at least one of claims 1 to 11,

characterized in that

the catalyst of the formula I used is a catalyst in which Cp* and Y are the same or different



15 9. A process according to at |east one of clains |
to 8, characterized in that the copolynerization is

WO 2e08/00af86 at a pressure of 0.1 to 1 MPa. 20 IRCT/EP2007/054580
process according to at | east one of clains 1 to 9,
characterized in that the nohar proportion of
3-net hyl but -1 -ene nononer in the reaction mxture in
the sumof nonomers of 3-nethylbut-|-ene and et hene

and propene _is at_lLeast 20% 25 11. A process
TP ARy et Sl gpominsloptiatiepd P Hidy] grovp and fuorenyl
?{69;9,02 ti§ @Mhydfocafbohor89oMLd -2 Mehl O @fsupas 6PHKH PEHddic dhble of the
east one of clains 1 to 11, 30 characterized in that
Elementst ¥liyghalogen and hag fwd.a | used is a catalyst in
- which Cp* and Y are the sane or different WD
2008/ 006636 PCT/ EP2007/ 054580 43 and are each a group
s 13.5¢h @pdRek dcbomipielppgnbadi enyl group, indenyl group
and fluorenyl group, Zis a hydrocarbon group, Mis a
aetagterigbd grtbetp 4 of the Periodic Table of the -
| ement s, .S a hal ogen and mig two. 5_13. process
e e@ﬁﬁﬁwgf tﬁ#@@%}% g i %waaﬂa%toéaxezf@amﬁlﬁ ifieat be
catal yst of the fornula | used is a catalyst of the
formula Il or 11l Cl Ph Zr "Cl1 CSi | C Zr 4 Ph O*
Zr ~I 10 1l 11l V. 14. A process according to ei

of claigp 2 and 13, d i n that
7

10 I I V.

14. A process according to either of claims 12 and 13,

characterized in that

propene and 3-methylbut-1-ene are copolymerized.

15
| 15. A process according to at least one of claims 1 to 11,
characterized in that
the catalyst of the formula I used is a catalyst in which Cp* is'a cyclopentadienyl group
substituted by 1 to 4 methyl groups, Y = a nitrogen-comprising group, Z = a silicon-
comprising group, M is a metal of group 4 of the Periodic Table of the Elements, X is a

20
halogen and m is two.

16. A process according to claim 15,

characterized in that



propene and 3-nethyl but-I-ene are copol ynerized. 15

15, Agrocess according to at, least one of clains 1
WO2808/Q06636har act eri zed in that the catal yst of XREEP2007/054580

formula | used is a catalyst in which Cp* is a :

cycl opent adi enyl group subs#4tuted by 1 to 4 nethyl

groups, Y = a nitrogen-conprising group, Z = a

silicon- 20 conprising group, Mis a netal of group 4

f {.odi I XyvS a hal ogen

T A g

characterizé&d in that WD 2008/ 006636 PCT/ EP2007/ 054580

44 the catafyst of the fornula | used is a catal yst of

the for .ad u " i IV. 17. A process

accor di either of clains 15 and 16, 5

char act d in_that ethene and 3-nethyl but-1-ene are
copoly [ _~48" A process according to at |east one
of mel.gdi ms 1 A0 characterized in that 10

3- metjhytNautZ | -ene' is used which is obtained by a)

hydr#&f or rryINati ng i sobutene to 3-nethyl butanal, b)
hydr ogeqat}r\x%t he 3-net hyl butanal to 3-nethyl but anol

and c) el g™aating water from 3-met hyl butanol, the
3-nmet hyl bdt -1 ~ene obtained fromstep c) being_used
directly without perfornming a chemcal purifichion
step. 15 19. A copol yner which contains
3-nmet hyl but-1-ene as a conononer,

17. A process according to either of claims 15 and 16,

characterized in that

ethene and 3-methylbut-1-ene are copolymerized.

18. A process according to at least one of claims 1 to 17,
characterized in that
3-methylbut-1-ene is used which is obtained by
a) hydfoformylating isobutene to 3-methylbutanal,
'b) hydrogenating the 3-methylbutanal to 3-methylbutanol and
c) eliminating water from 3-methylbutanol, the 3-methylbut-1-ene obtained from step c)

being used directly without performing a chemical purification step.

19. A copolymer which cbntains 3-methylbut-1-ene as a comonomer, |
characterized in that
the further monomer present is ethene or propene, the proportion of the incorporated
3-methylbut-1-ene is 0.1 to 40 mol% and the copolymer has a melting point of below room

temperature to 130°C.

20. A copolymer according to claim 19,
characterized in that

the copolymer has a molar mass My, of 2500 to 2 200 000 g/mol.
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characterized in that the further nonomer present is

et hene or propene, the proportion of the incorpgqrated
WOQOWPW ut-1 -ene is 0.1 to 40 nol % and the HIEFEP7/054580

has a nelting point of below room 20 tenperature to
130C. 20. A copol yner accordé#hg to claim19,
characterized in that the copol yner has a nolar nass
Mre, of 2500 to 2 200 000 g/nol. WD 2008/ 006636
PCT/ EP2007/ 054580 45 21. A copolyner according to
either of clainms 19 and 20, characterized in that the
21.copalopoismehaoadingto dithgr eitdlaitnsdD 80 20p 125C. 5 22. A
copol ymrer ,according to at |east one of clains 19 to
‘Zf!ﬁra"t%?&b@éh zed in that propene is present as a

cor por at ed
BB e Rmet 8, HROBRE Do P00 e Phe el ¢ ng
point is 90 to 125C. 10 23. A copolyner according to
at least one of clains 19 to 21, characterized in

22.t hAtcopelageadeerdingioath feagisong ofsineto ta Bl proportion of

cthckr%f:zg tE&ted3methy|but-|-ene|s 0.5 to 6 nol %
e f'hg point is 105 to 130C. 15 24. A

ﬁr@p@{eﬁﬁ’@fesé‘rﬁ(é@ hhdH@nied, tBE propagion@fehedhcsibaiatddl slethglbut-1-ene is 1
1, characterized in that ethene is present as a

Wdrﬁ)dnﬁl% andhihe predipes paiviis 89 ta k&5 Cacor por at ed
3-methyl but-1-ene is 3 to 6 nol%and the rreltlng
point is 105 to 115 C. 20 :

23. A copolymer according to at least one of claims 19 to 21,
characterized in that
ethene is present as a monomer, the proportion of the incorporated 3-methylbut-1-ene is

0.5 to 6 mol% and the melting point is 105 to 130°C.

24. A copolymer according to at least one of claims 19 to 21,
characterized in that
ethene is present as a monomer, the proportion of the incorporated 3-methylbut-1-ene is 3

to 6 mol% and the melting point is 105 to 115 °C.
25. A copolymer according to at least one of claims 19 to 23,

characterized in that

the copolymer is obtainable by a process according to any one of claims 1 to 18.

26. A catalyst of the formula VI
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25 A copol ymer according to at |east one of clains 19
characterized in that the copol yner

WO%QQ%@%% fe by a process according to any one 3@135%@9%7/054580

1to 18. 25 26. A catalyst of the fornmula VI WO

2008/ 006636 PCT/ EP2007/ 05458 46 R2,.\X R300'0" T M

VI where T =Cor S, RR and R3 are the sane or

different and are each H, a hydrocarbon radical

having 1 to rbon atonms, X = in each case

i ndependen al ogen atom a pseudohal ogen, a

hydr ogen a silyl group, a phosphide, a sulfide
c radical, 5 for exanple an al kyl, aryl,
mde, ‘aryl xy¢XaIkoxy, acetyl or acetylacetonate
@quedf k= netal of group 3 to 10, with the
xcepti ndi um or of the | anthanoi ds, of the
Perlodlc e Elements. 10

VI

where T = C or Si, R? and R? are the same or different and are each H, a hydrocarbon
radical having 1 to 20 carbon atoms, X = in each case independently a halogen atom, a
pseudohalogen, a hydrogen atom, a silyl group, a phosphide, a sulfide or an organic radical, |
for example an alkyl, aryl, amide, aryloxy, alkoxy, acetyl or acetylacetonate radical, and
M = metal of group 3 to 10, with the exception of scandium, or of the lanthanoids, of the

. Periodic Table of the Elements.



