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Process for the preparation of unsymretric bis(imno)
conpounds Description 5 The present invention rel ates

wo 2007RBegESS for the preparation of unsymmetri

bi s(i m no) conpounds. The use of netall ocene Cgpgpggggmmmms
in the polynerization 10 of unsaturated conpounds shows

a great influence on the prepharation of polyolefins,

since it opens up access to novel polyolefinic

MRirBEkakS B5rt @hERtSFéGh 52 HRYL NG @ﬁgﬁrﬂ%%? er]:%%%firgjfno)

There is therefore great interest in evelop
nGIBPOHAAS| i es of catalysts for 15 the pol ynerization
of unsaturated conmpounds in order to achieve an even
b r..control over the properties of polyolefins or
f§§%§5%p§698| products. In particular, the use of
transition netal catalysts 20 with late transition

l s i nterest. because of their property of
{T;g{légr %%%@g Bt gr%é?’b‘fﬁ?rﬂm&q § t t8s. aTrRFeFEFBN heFalthe
cRrepysation bdt ensyameitidien bist(dd nahi dorgicusast abl e
for the polynerization of unsaturated conpounds are

known from 25 the frior art. 1,2-Diimnenickel and 2, 6-
bfR% i HERoFy rmelyal torenenphtréyshavd mroved pod virerization
PSf tigShBa LY L 8H : Lo ;
2,6-bis ining?gyF?ﬁ$?n£§ﬁ§éﬁ#ﬁéy&ﬂﬁiiéﬁgr%9fé8epﬁ8 on the
HFIRIEAE PR RS BPIYSE efi@scomians drfal ?ye s epRr edceisa to
andveBt EEINESTSRLh D Ghat i £04 r @PORY n&a@g:!ﬁta‘ls having
compounds with a primary amne. The internediate
pHOUUL e%b?ﬁl"ﬁgﬁtil§st'h SERict 8d Hhers TR tse coRea br iimgeyest
aim néhahictdvaiidpfrmrs%f pemridve ) i fehillest be f{té@%_l?&_% for
' i L] nmonoi_m ne, the symmetric. dilmne
SR e L aat Peh B U Tl s (ke oTder to
iafilekafeali ane gyregdubetteruswaltirplvesyet owheTherypeLeiof of
BT ¥ b T SF TEGE BhEr PRBIUE! p LGRS Particular if

In particular, the use of transition metal catalysts
with late transition metals is of interest because of
their property of tolerating heterocatom
functionalities. Transition metal catalysts of late
transition metals which are suitable for the
polymerization of unsaturated compounds are known from
the prior art., 1,2-Diiminenickel and 2,6-
bis({imino)pyridyliron complexes have proved to be
particularly suitable here.

Unsymmetric 2,6-bis(imino)pyridyl compounds which carry
two different imino groups are conventionally prepared
via a first condensation of the corresponding diketo
compounds with a primary amine. The intermediate
product obtained is then reacted with a second primary
amine which differs from the first. In the first step,
in addition to the monoimine, the symmetric diimine
product is also formed, so that the vyield of the
intermediate product is usually very low. The yield of
monoimine intermediate product drops in particular if

o



WD 2007/ 080081PCT/ EP2007/ 000096 - 2 - primary am nes
havi ng el ectron-w t hdrawi ng groups or groups which
WOo206H080681t | e steric hindrance are used. WO 93/FAIER2007/000096

di scl oses the synthesis of unsymetric 2,6- 5

- bi s(i m no) pyridyl conpounds fromthe correspondi ng
di ket o conpounds and ani | i nes?im tol uene with the
addition of catalytic anounts of toluenesul fonic acid,
Vi privaeyn el ned elhrmdtnqt eemcﬂsit&{-&lthoﬁﬁagﬁwrhae groups or

[ 0 t.hdr awi n

su%’gkp?ge%geérggﬁ% gl ose% %he %Bgfzgt?gﬁ pyed.
unsymetric2, 6-bis(im no) pyri dyl conpoundswi th anilines

whlwoh 983Ny 2andeketbses- E\hé hely M G S uPstid Ugie d 1 L BE 6-
s onl | ds of uns nnetrlc

It
%’é&é O?H" R%rg%% ndcgﬂ?ﬁ?‘ﬁ’é%?s EF@‘B IHeThe Fpespengk ng
thellyhaesentomptmems orands tamipinesdeian tdaprened WJirtdCesse

fo%dﬁ@@léﬂnbge%h%aqfthS¥HﬁBBEECQQ'%@f@éﬁgguﬁggRggn%c1d

with which primary am nes having el ectron-w th
suBde t ué‘\?F’é’l&m§ubstJ1”ttl%ﬁle§lﬂ,ﬁ?ch POOSHGES - | i ttMO@Olmlne

st éniceriedilaeace pasdatse beh@@ﬂﬂﬁrtEﬁﬂédﬁﬁbdiwithdraw1ng
1040 5LBPEDALRG, TRl MG ©ATRANEIEAN | O I eI o

Thése ar & arly sulta
th§n§yﬂ¥1ﬁé§¥§ of 2y hspardinigo by midiel conpompdsndand with

|eéﬂll9naégherwﬂﬁéﬂ‘*5 QlardySY MBI ¢ 5% QUG+ hi} 8 wing

( ﬁgng [ic V\Fe conpounds havi ng
ol SEPPERE W??de ho <k ‘E.R%ﬁlé’“sweﬁamldullgﬂ yields
hi gii autsyineited ci rptdbuginl ynetheatsecomf aypbhesl ef isnsp,
15A process has accordingly been found for the 30

pre aration of ponoi m ne conpounds of the fornmula | R4
ThE & pgct of the present invention is to provide an

improved process for the synthesis of unsymmetric
bis(imino) compounds with which primary amines having
electron-withdrawing substituents or substituents which

20 cause little steric hindrance can also be converted
into the corresponding monoimine compounds with better
yields. These are particularly suitable starting
materials for the synthesis of unsymmetric diimine
compounds, and lead to higher yields of unsymmetric

25 product. The wunsymmetric diimine compounds having
(_‘ electron-withdrawing substituents show particularly
high activities in the polymerization of alpha-olefins.

A process has accordingly been found for the
30 preparation of monoimine compounds of the formula I
R4
IU

3 2 5
RJ\\,1/EQ§ r/’RU

R’ I/ R
N

R10
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0 R WO 2007/ 080081PCT/ EP2007/ 000096 - 3 - wherein
the vari abl es have the foll ow ng neani ng: Rl-R2

wodsePmserpt | y of one anot her denote hydrogen, CT{}?{PZOO‘HOOOO%

a C22-al kyl, C2-C22-al kenyl , 96 C22-aryl, aryl al
having 1 to 10 C atons in the~-alkyl radical and 5 6-20
C atons in the aryl radical, or five-, six-or

seﬂmermrttﬁmedvahﬁi@bb@ychélbe the Cho!?!?fmih%eﬁleé n%aSt

0 |40 m conS| St

V\hqgr gl n c{ee%orrbcgerﬂ'g fcore Iﬁfoﬁ%ecfarf’ed?%’éebéydroge"r Cy-
tSEbS: it lﬁze'dabkl?fhal og@ﬂszz—HRklla&,ylgR k?gr-g;%a&f%ZS éBg'iQkayl

e two can_al so he e

to formh;%g \C/‘ﬁ ¥ gl!:'xFi?O € 8@8” né‘r‘r‘oe? | Pll%tl c#acal and
i ndepende®Q yCoﬁtome amottther ateybt Eabydamgemr QGivd5, six-
Cn- al kyl - aryIIkIhaV|n
1to 13(; ¢ gtgg%%l Nt he aﬁioﬁ go lglJf wgé é ai:ggx}gng.ses
in the &bylleasti cone Nm:mzfr@mnthhamwp O s SRR of N,
five-, giX-005rSgyennuREher %&%ﬁ%ﬁﬂ’%&'}‘édﬂé’gl‘éh R!-R? can

conpri se at |east 20 one atom fr '
consi st g f PR, P‘bﬁtbFuSEdWebﬁlpﬁ@n@ngaHRc 2, ORY or

radi cal $iR32; Rifdgar alfo bﬁoS&wﬂaﬂtsedRWRhaJ:QHe%iso be

NRn2 Ogﬁng'eedi Rug a&g/ Qr in aChh‘%?SSFtemﬁ éggclq-ca(,{aéeseven-

tvvo 25 madibeales RG-rfg, can aI so be bonded with one

another to forma five-, six- or seven-nenbered ring,

an /oroln each case two radicals R3-R6 are bonded with
olfe- Bnotlneflep@rndantelacmtasaetmothélrcaiemd?ﬁa Fﬁﬁdﬁbgen, Ci-

bonded w, rma

bondes w0y ol (g 00U & LN B
one at oREVASS thetgr d-@p %oﬂ%b@m ng d:fheN abPkyd aradS,caMmand
2007/ OS@Q&@PC&-/ EP2ORL/ 03D096 e lSL{Il_O %{_‘[ 1ed Wllé oS OR!?,

halogens ?nd i n each case ,two ra ca S can al's
bonded '8'PGEMra GNre- BR si x-Aentfdré&t i rRjl#md Sr  seven-

Rui ndepeetibieireyi ohegseoanet el damiadle RuRdeies Clt least
one atom from the group consisting of N, P, 0O or
S, wherein the organic radicals R®>-R!° can also be
substituted by halogens, NR'';, OR!? or SiR!?%
and/or in each case two radicals R?*-R° can be
bonded with one another or in each case two
radicals R®-R® can also be bonded with one
another to form a five-, six- or seven-membered
ring, and/or in each case two radicals R3-R% are
bonded with one another or in each case two
radicals R®-R'™ are bonded with one another to
form a five-, six- or seven-membered
heterocyclyl, which comprises at least one atom
from the group consisting of N, P, O or S,

R independently of one another denote hydrogen, C,-
Czp-alkyl, C;-Cyz-alkenyl, Cg~Caz-aryl, arylalkyl
having 1 to 10 C atoms in the alkyl radical and
6-20 C atoms in the aryl radical or SiR'?,
wherein the organic radicals R can also be
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C22- al kyl , C2-C22-al kenyl, C6-C22-aryl or arylal kyl
having 1 to 10 C atons in the al kyl radical and 6-20 C
WO 2198/08068t he aryl radical and in each case twoPpCagiree7900096
R12 can also be bonded to forma 10five- or

si x-nmenbered ring, El-E3 independently of one another
denote carbon, nitrogen or phosphorus, in particular

car bon, S@pgit ibutieddeb¥ndeal bgens omedanin hezaahe fader two
El - E3 i enlior, r f -3 as..
carbon?ﬁiﬂééé?ﬁ g dfggyginy %%n%gﬁ%%doggtEérﬁbf%mﬁ%Y?I or
R4u 20 BtxTBerraredosing pddcted in an aliphatic,
non-aromati c solvent with an aniline of the fornula I11I

grein, the vari abl es have the above neaning. WO
07/ o&“db‘gﬁ%?%%’é ¥7Pé0CITs anather denote hydrogen, C;-

Ca2-alkyl, Cp-Cz;-alkenyl, Cg-Cp-aryl or arylalkyl
having 1 to 10 C atoms in the alkyl radical and
6-20 C atoms in the aryl radical and in each case
two radicals R'? can also be bonded to form a
five- or six-membered ring,

El-E3 independently of one another denote carbon,

nitrogen or phosphorus, in particular carbon, and

u independently of one another are 0 for E!~E’ as

nitrogen or phosphorus and 1 for E'~E® as carbon,

wherein a dicarbonyl compound of the formula II
4

Ry
R3 lz R5
J\\Er/EébEy// u 0
R1 I = Rz
N
O )

is reacted in an aliphatic, non-aromatic solvent with
an aniline of the formula III

NH,

n

wherein the variables have the above meaning.
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Speci fi ¢ nonoi m ne conpounds whi ch give unsynmetric
bi s(i m no) conpounds by reaction with further aniline,

wOObo#gsigR exes obtai nabl e therefromand the us%éﬂ?ﬁiﬁ@l&oow%
ee

for the polynerization of olefins have furthermnmore D
5 found. In this context, thethree atoms El to El can
be identical or different. El to El are nitrogen,

Pbpepligius Aoncarhion CBrpRfidad! Wit I AR Oy bArRRD ric

égigzg ggrhlcularhﬁrﬂ%egerably carbon, The substituents
RO Phe GRSHRA IFSHETEH oM etk ofplither aami bine,

t heodi cambd&yﬂescmzlgmht@fbethﬁef@fmaaiig he ?_Psié’af}'tl@fjeof

[ ranges._JPossible C-organjc substituents

&gkgg\éﬁe?’%flgrm xlazr?ptlle?nt%t ‘Pg??b&fnb.avel-fuéfﬂeanwﬁ been

wheunfln the al kyl can be linear or branched, such as

e.g. nethyl, ethyl, n-propyl, iso-propyl, n-butyl,

i so-butyl, tert-butyl, n-pentyl, n-hexyl, nheptyl,

nldctthisn-eemiextn- dekgl ohreedosoys , B to 28° can be

74 Cy&h 0a ch igits. turds ca arry. a

Cll%ﬂg?glggyl %ougkﬁggfgﬁt%- 0- a?’?l gE?oupggé ar}/ltrogen,

sBBSEPROEHE, oTuGRPOTE. ¢in charbbeebanenityobebuteanasarbon,

C&ﬁﬂopﬁﬁtaaalaQ19|?&%@@Eﬁbﬂ%ﬂaémﬁﬁﬂﬁ“ea cycl ooct ane,

cycl ononane or cycl ododecane, C2-C22-al kenyl, wherein

25 the al kenyl can be |inear, cyclic or branched and

t'meed,eublseihmmltlcsalmlbazi Jﬁ:felrmﬁ rﬂ{rlldj?ﬁf})@abomﬁaﬁhda%f the
e poyk, _1-al ly 2- 3- utenyl ,

pggf%ﬁ% &hgégn)ﬂf, tchyeclcgb%%f%%%f %%PBHE%H | the formula
cYE| oaot brylvagr ecly of iddtiradi bdg | rafife £22Pakglibleher-@irganic
t LCal_30 b bs . d fuyrt.her al Kyl
Pntbabathc R0 520, DB Plol SR A e,
apzneddyil, othengin phbehpilpydnyan hes-ligedr, o2, brarched,
256cHi iyl Bhed 991 2, Bthyd 2, B3-Bropdid: EisolpfoByl, n-
2,54:6- or,3,§ 5- t??ﬁrr%st h?tglﬁeln Il,?r gjrrog%)l/l'al Jk?/?zp]\%,ﬁé?{éi’n n
tARER} g1 af RTPEEYdan BETSaBStYLut eA-BENtYlyhem-ddayl, n-
%h@plpﬁl,suﬁ?cl&@ler gn—baﬂ?ﬁﬂ,; rD;ded’?L derw]@iiag ) 9_Lf to
s_or 2-_ethyl phen erei.n. two radicals RI- can i
e PenPe e R behcl ity T, RS, ot RER AR | GREY
-G Slix-abkydeverromwpberaai fdng, Cebtghaegn al geoche a as  a
h , [ C rj Ses I t e atgom f.rom
IHSEeRabl) Y AT RSl R e,
r a¥F£aP8NEeIR? caNcaPsexbBacsubsyicioheptbpehal cymixoctane,

se6b1 Sndsaked- okl UBYLENBdoBRLARENE B5-BL,0010Nen Y A% ein
NRl 12, such _as, for” exanple, dinethylan no,

NEBS T AOKEAYAYIC3R BRCAIHNRAL, byYalkéxprobzanshsg erd the
s@g@?a? mblhhlok_yan gbBO&ht%&rriaSppé@p?éxmitﬁﬁlﬁi _'él)lﬁlgl@nia% e.g.
SUps u S | S as . g. ri SI1vyl,

SVPEY o1 ST VRS R firhes rfi i " BuibRRA o imAntenyl,
ghexanyl butcw:sldallyérl;atenyhl,l yweclohexdnyphergysidydtonyl or
j hlyl~ PROSSI S £ t.yen R t.he,.
LBl EPRRTEhIY Y e R Y B D MR e BV Bt ca
feRn RReR2Supptifpitest i Ave furthen Bdikyd posoublse fsuch as

t ¥y RHphen ,15141%19%?1;%& hBh§17- aNerydmersd, rinfly p-
and orpto 22 sugstitu ed byﬁga%ggen.a As Si -‘organic ip
SHBSRY {BRARYLSI Rr 33 the! Tanker T oP§ahi E-FaBRERYdPRenYL or
Ii?sBe?-aboxze 3,5 yor ezplselt ei-lbf Qr, 4R5~R2 go_lr,etj Jfo@ssi blre fDr4,5-
N ropriate it also jng possible for, two RNt
bt e BRNRREPU T o hF o 2EVbATkTPe notieRE 17 ngrhe " arviatkyl
Peehersbl gubBit iamte® bye fulethéeralal kyrlef groags,adsaahs as
RLZE.Z aBSnqur,OQ%rl’, rr%-h,yl ’p—erﬁgéllllylgénzyl or 1- or 2-
ethylphenyl, wherein two radicals R}-R® can if
appropriate also be bonded with R*-R® to form a five-,

()
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propyl, iso-propyl, n-butyl, iso-butyl, tert-butyl, n-
25 pentyl, n-hexyl, n-heptyl, n-octyl, benzyl or
WOhY/P800&8INd i n particul ar methyl. The substi t UBGIT/EP2007/000096
R3-R of the nonoi m ne conpouynd of the formula I, of

t he di carbonyl conpound of the formula Il 30 and of the
anlllne of the fornmula IIl can also be varied within

WidE r ffgesSCYRRSPBIREEREr gAANEG. suBBLFhuesBs RBLSRN be a

dret e fary €x@lpl eshildie tembewsBg: &Q‘ica%a%lt:k)’bne"méaf&hnfrom
f»F&f%al I@él can be Ilnear or. branch ed such as e. g.

%/Fonﬁ ifsoN'pr (?pyl n®r35% but’%ﬂe organic
|rsacdlbm1ysl RT-6¥%t clamt \1san l:mermdstartdwl bynhﬁmb)gbns, such

Ly l..or n-dadec
nbér eglcglﬁy ?'kygﬁ% FeR oF Q‘? '%(Ju??\ c§’r¥ HPHTCa NR',
(SU-CCD 0a gy kylorgrexamphe/ odlfﬁetﬁymamuyﬂo groupy esodid ¥yl or

Ay 81PGY/ ER3QQ4 0000 hsti_tuent, such.,as
.%d opr(‘fga%‘eIi clcgg ?Qx*c’zgycqalpéntsglng‘ as methoxy,
Qéﬁ(e)@helsepépﬁﬁéma@e? Seyeingactignesuleyti bnenase SaR'%;,

rodod ne, 4G22- al rnejn the
%MI [ nea?ézgcycl ?g or br a{:ﬁ?ﬁl@(} glﬁ(}ﬁtlﬁ}l 5 dou }:Egﬁ}ﬁké%@ﬁxl
tiydicHmed h ES%JeY%n nafrikyeyt aklel g, Yrayertibukyysilyl,
Zraldlylsiapl yl e bupeeny1s Pept enyt . DEePMYiphenylsilyl.
cl qpent en %)-{cl 0 exenyl11 cycl ooctenyl or
g)y d'g’(e}teadl éH?F, EBeB3s. ar§1, W& ei hhehe AR r Gop&gpnic
(rardﬂm]sybskltlljlsﬁ:cbcbyabt:‘-frbﬂarn lahdmyé @@Qlaa& sgehrasri0 if
nap phen n
%%t ﬁ%t}%h%géneyl 1 %f'go bL?J.ng2 os%fb% Gafgz%/]i‘reltw)?l plﬁignyqo be
@onzaa’;t 4t0 ZC&“r@ a 338, 6xr, & nrembered4 ingralddoel- to be

S 'b@% tg@}?n% Oﬁgﬁﬁ%ﬁl bl kvl \MI}?I ,{‘f«‘ ar ¥Lﬁ|sl§.y|.!th}§nts

can, urt her "al ups sucC
Sig! :*ben"zhyﬁ3 sgme 7 Opgmvhylrbdnzy?lllSora& lgstzd above in

el phesyhilwhergg n rf- F@ppf%' ab%séll%qe N £ach ¢ase ;¢
two radicals R -R5 can be bonded with one another ._or in

ERER P& tSoitadd L3P s PRENI PR3 BEe bdiRfed tiwet IR Gneto  be

dooideer tt@ torm a f3veor BHrembersavenid@nberederhhdy70 R
and L to form\lﬁ five-, six- or seven-menbered
|

ﬁé’te oc§EPy SRR Teonpr i ses at | east one at om from
the group consisting of N, P, 0 or S, and/or wherein

e naay frgcgldegféSRR%? r%a%ﬁrz%e%e SOy sghgx, n-
al’ogens, such as uorin or'i ne- or~ bt om
PZORYilno mmrogméh as—bwtdrl,exaﬁ@fbutwinetmmtmyl n-
Nevihal,i dhoybx0h , p'r?-or‘xéﬁ‘&"l a'nke&yqr aﬁah%yx 3 | pheny
such’as net hoxy, ethox or |sopro oxy, Rl 23

éad ﬂ@rtﬂ‘?éﬁ’%‘bl% BRERYLNRI 12, such as, for exarrpl e,

di nmet hyI am no, N-pyrrolidinyl or picoli nyI , al koxy O

ar (PII sugh, @s 0 et.haxy or isopropoxy
IPen e S 4R o EiE HionS g [RnSEREAT RE the
(ﬂormmdland, Rmﬁsthéedsabsbohyént:smﬁtoumrcb dfhetisanfotmula II

n L c de te I
JEUDe0B ontiis Ty Bing L ME  sFe, FopRRERCEELT! fegd HiS® e
Semizgl t Heltake C wWigeni c ravgesdet auHosmbm ch organlc
substituents R*-R'? are, for example, the following: C;-

C,z-alkyl, wherein the alkyl can be linear or branched,
such as e.g. methyl, ethyl, n-propyl, iso-propyl, n-
butyl, iso-butyl, tert-butyl, n-pentyl, n-hexyl, n-
heptyl, n-octyl, n-nonyl, n-decyl or n-dodecyl, 5- to
7-membered cyclecalkyl, which in its turn can carry a
Ci-Cio-alkyl group and/or Cg-Cip-aryl group as a
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above in nore detail for RI-being possible for two R11
to 6-menmbered ring and/or to be As Si-organic

ng;gd-,yogmpts radicals as |listed above in are pgﬁ}'ﬂ?’hﬁbmooma

for RfI, 1f WD 2007/ 080081PCT/ EP2007/ 000096
appropriate it also being pos73|‘bl e for two Ru to be
bonded to forma 5- or 6-nenbered ring, such as e.g.

tsmhsretbw@mtyl suclt hyd sid.y., butyhdpre P’ayules' | %'yclobutane,
"b#é%%é%( trltetbutIS|I rlal |SI|
Y SRS of YGi ﬁﬁ?ﬁ? Ehengl"g ‘P?Ppta“er CYClOOCtaner
Flnect.lbwm@rdamell cai:sRSy&llﬁdbahgdhegencmzjgylalkenyl whlerem
t ro i so- ,
e HBKBRGL N an "hOY 1l OBy 1@ 00BT Woncitkd Bk the
1®Old@l§/I bobénpﬂr} lphenyllterfnlallorometerinlmallr}esaftch as e.g.
hydr f d di |
NARTS P PAZIANA, MATRIAYL, EECRIAC BERteT,
|&%K?}?bbnyl Cwmwtem‘ﬁbr bwtydlohesrany 115 mytollgoctenyl or
U&ta@lé‘ﬁ%w gg?—té’i%l n- Qﬁ@fleu. nPepgy! lﬁ%fnwadlcal

ch orine, bronine, ihe Partic
73 ePSol ?UbP{GlFS‘tGﬁ‘I oY nefund'—rhcﬂ*f'l nalbyli ogltaepand E’RVCh sas

ae G- Cﬁﬂeﬂyk)ﬂ napesin R?lpﬁerWPf epakhy abi dedoWI th-. p-
the ar ri ng vg a pri ga secondary, greferabf
gp*b h far Ped T &F cal &~ REM@RDYRPhgpyl or
f@mwen, EeBhgh, et:hy3,,6Jn. prbpyls fl U<2r I4r1% chéprings,s-
a0k BN 1150 A0 | 1o parLiicul g, ydg ggen, Preferably, i
Pyt ebleedwaldstal:gRer etbwdrf@ge:rhxerret hykylt rgfbupspmesdyt | as
|, .Lso- propy buryly _ -
ter bu%rpigpypeﬁty ,W >Ejyln{étkill eﬁny%ﬁo ‘9’%0 %ctyPr 2
x/lp Shehy | Whisirgdm n-'ef eppsebrdaged dloni i, enchi wase

ﬂ?ﬁé'ﬁéﬂiﬂéaf&’dké’gﬁh’cé‘i‘?t B¥! bohlHAr LRGN Qmé)rérrﬂ@tﬁér r in
br ver%ﬂgartl cul arly prefierably chlorine. ﬁ

nFaéﬁpI tiFRA1CR L% | et c 473 P&t oRended Wlth one

Larwtetnsépodoanmmangfav@ar b@n xat om h%\éu@guint@nﬁ’@red ring
fol(%{p sub |tut|onp tern - CH2
s a P ne==™ br &ncHed O cyﬁH‘c alcﬁ/l SﬁV@PeF‘&B‘P}?red

(ﬁetﬁﬁbeyale,OMHnahogemprlses at least one atom from
the group consisting of N, P, O or S, and/or wherein
the organic radicals R*-R' can also be substituted by
halogens, such as e.g. fluorine, chlorine or bromine,
amino NR'';, such as, for example, dimethylamino, N-
pyrrolidinyl or picolinyl, alkoxy or aryloxy OR!!, such
as methoxy, ethoxy or isopropoxy, or SiR'?;, R*-R!® can
furthermore be amino NR',, such as, for example,
dimethylamino, N-pyrrolidinyl or picolinyl, alkoxy or
aryloxy.ORn, such as methoxy, ethoxy or isopropoxy, or
halogens, such as e.g. fluorine, chlorine, bromine or
iodine. Possible substituents R! are the same C-
organic radicals as listed above in more detail for R-
R}, if appropriate it also being possible for two R to
be bonded to form a 5- or 6-membered ring and/or to be
substituted by halogen. As Si-organic substituents
SiR'?;, the same C-organic radicals as listed above in

more detail for R!~R? are possible for RY, if

{
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9 In the present application, a secondary carbon atom

i s understood as neaning a carbon atom having the
WQ@RM03HB081 substitution pattern -CH R2, wher ei nPI/EP2007/000096
denotes a linear, branched orgcyclic alkyl, preferably

5Cl -Cl9-al kyl. Preferred anilines of the formula Il

are 2-chl| oro-6- )

MRRPYPRAL £ fe, Lt hRSFO- RHEINyPasiSibAe 2f6r two RY? to be

dbshd &d 0awi |fc51ﬁn a 45di ghl CH-%e@mJB?EéB" 20hlyl ”%&fh 2a§ e.q.
or R7 1S a ha

di bro Prefer
]#F ?hgg #thlorlﬁélsF M#éﬁﬂﬁé ThebHEW&ﬂlmﬁqhylSllyl
?ﬂtﬂwwl Jlmilelsﬂlc:?r borut i teorepasnd, 1as|moi>tbelgmt |t|rri%lqg1].tJlel
a . oved.is.in.gener o 1
#%i%ﬁ%&#@siﬁgyt8¥186W§FBX&§ESHV S&iwarly pref erably

1:1 to 1:1.2. The sequence of addition of the

i ndi Vi 8 t I
Sibpdoey comanents | gnoksct gl Reinetls, (eny,
iwi?gbm)e@nﬁ‘ehhmlt heetitgdlct | onpyepsd| drab-tpwopyl ) | me-baftyl,
215t o MUkB oy Dy QPR oL A CHAMULEG) -

anount of an acid 'yst
QCtb- chepaxyri Phan vk, §@@ﬁrasefom1@xamej endatbetqnune,

Eﬁﬁdtlﬁtﬁéﬂ@iéuﬁgkdﬁyd§gggn for exanple, 25
par a-t ol uenesul f oni ¢c™ aci and furthernore HClL, HBr, H

or H2SO4, is preferablly added to the reaction. The
rmieeﬂefﬁd o rfdith Clag bty R? cermsoumdthgle}m @rﬁi@l@ﬂo)ﬁine'tfhyl

r abl e ra e of from 001, to
b e e LS SR R
kulmﬁpﬁnHYk,mabdm#meeﬁ -thepitiyd ,t he-iceaotli,onbenzyl,
2 fo a I | ar S & phosphor us
gent i‘de o E gé?%ﬁ&A mﬁg?gﬁ%%R is aQEP%no é?kylmeggexy
fﬁﬁnﬂkﬂukﬁ¥i%e pxRiEeralBby TheRsedsench lofriaddi t toromdfne  or
1%118&4 b £ R RT V554 élné'{—fl{zoﬁélgi?f r@ﬂ Bg.nf 7 @gsgrr%tf'e%bly

water |Is not criti |t|on
b¥ythadda 2 Frid mli‘ﬂur‘élaofadpééﬂ@éﬁyl or;oﬁe@@mlary,

@méﬁﬁudbﬂﬁ pr i6a 20044 8BBARBAPEH/. EP2007/ 000096 - 10 -
|

Sol vent s ch are conventionally used are aliphatic,

Preferred radicals R? and R! are hydrogen, methyl,
ethyl, n-propyl, fluorine, chlorine and bromine, and in

particular hydrogen. Preferably, R?® and R!?® are
identical.
Preferred radicals . R® are hydrogen, methyl,

trifluoromethyl, ethyl, n-propyl, iso-propyl, n-butyl,
iso-butyl, tert-butyl, n-pentyl, n-hexyl, n-heptyl, n-
octyl, benzyl, phenyl, fluorine, chlorine and bromine,
and in particular hydrogen, methyl, fluorine, chlorine
or bromine, very particularly preferably chlorine. In
the present application, a primary carbon atom is
understood as meaning a carbon atom having the
following substitution pattern -CH>-R, wherein R
denotes a linear, branched or cyclic alkyl, preferably
C;-Cis—alkyl, or hydrogen.
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non- aromati ¢ hydrocarbons, such as,for exanple,
pent ane, such as n-pentane, hexane, such as n-hexane 5
and i so-hexane, heptane, such as n-heptane, octane,

W Skh7Rge0Rr OCt ane, and mi xtures thereof. Hept anﬁcjrﬁsrzoomoowﬁ

preferably used. It has proved advantageous, ih
particular in the 10 preparhIQOh of diimne conpounds
havi ng hal ogen-cont ai ni ng substituents on the aniline,

tDnCﬁhépr@%éﬂﬁfébﬁﬁi@ﬁfﬁoﬂpdﬁrs@%Jda§%¥ Prbon atom is
aéggé here, such as nitrogen or 15 The reaction
[

ar gon. .
JeRRfal a8ar rPEANL0E af? 1893 PABOCateief ehaBEpdat the
3001 bodiff, asubgaitucibrr | pautefrer ablypar,50 twh&B&in R

T tion.time is_conventionally bhetwe 0O m nutes
a%%nﬁgg%aﬁsgﬁﬂ%ﬁﬁﬂa.f?nBE?QEQﬁ 5 % gy rdRfEterably
par-tdieud bkyy. pref erabl y between 8 20 hours and 3 days.

"Working up is carried out in the conventional manner,

e.g. by filtering off the product before or after
rereferred ehdldslesenofi kheaciormPlai fildatave @f-dher2b 6-
pﬁ@@#fiaﬁ?l Q?d can tEgﬁrgﬁoggLﬁégﬂg?ﬁﬁi&&nhne @,6—
conventional routes, such as, Tor exanpl €, "Dy ‘means o

cht et bR Rphiner rzcﬂygﬁﬁhﬂpiar5omethmla@uénﬂaquﬁ 2,6-
LAELFSIRGAH DDi h8 . AlH fl ¥l i L PLONRAT gRAIRTC 5ol weny $15§ehNe in
purlt% of the Eroduct obtai'ned directly after 30

fPRETLERbAL whb LAF 2 RBePET BEEREARor ki ngup unnecessary.

The process according to the invention is particularly
siitable for _anilines of the fornula |I1. having at, | east
SRS B Fat obafla: BREHE & T (PP TGRY briCORAGHAT @R the
aanilims pésutite | ioombyal AW lyiemisowdd NnBOiIiM Ngeneral 1:5
C u i n I r., ah¢cgho \ .

B g PEF R TM000000 Tondi i cEMSbuRAZ G ELY
foreig el by hdvd ftet Herlwte Bhen sesmahdeuoRt -3@dutligr of
the individual components is not critical here. Thus,
for example, the dicarbonyl compound can be initially
introduced into the reaction vessel and the aniline of
the formula III can be added thereto.

A catalytic amount of an acid catalyst, such as, for
example, C;-Cip-carboxylic acids, such as formic acid or
acetic acid, sulfonic acids, such as, for example,
para-toluenesulfonic acid, and furthermore HCl, HBr, HI
or H,;S04, is preferably added to the reaction. The molar
ratio of dicarbonyl compound to acid catalyst is
preferably in the range of from 1:0.00001 to 1:0.01,
preferably from 1:0.0001 to 1:0.001. Reagents for
absorption of the water formed during the reaction,
such as, for example, a molecular sieve, phosphorus
pentoxide or Si(OR)4, wherein R is a C;-Cip—alkyl, can
furthermore be added.

The sequence of addition of the acid catalyst and/or of
the reagent for absorption of water is not critical,
and the addition is preferably made to the mixture of

dicarbonyl compcund and aniline.

»
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10 R10 15 wherein the variables have the foll ow ng

nmeani ng: Ai's chlorine, bromne, iodine, CF3 or ORl1,
WAL2(R2/08068pendent | y of one anot her denote hydr BQEMEP2007/000096
Cl C22-al kyl, C2-C22-al kenyl. {#-C22-aryl, arylalkyl 20
having 1 to 10 C atons in the al kyl radical and 6-20 C
atons in the aryl radical, or five-, six-or

seven- nenbered heterocyclyl, which conprises at | east

ogelaeamsl reRLERe HHOup ﬁg@gltgbhggl f r_S. _
wher ei_n th% .0rgapi ¢ rad? als RI-R2 9 nggfaaqu a§1phat1c,

sOB8AEGfe haV8gerarbrer2, %P&h.cnaﬁa Rli@randﬁﬂﬁmple,
t pbentaner, adsaahs &3 - B2 peat adleSO @@x@@@de%d&ﬂ h a@s B5hEQane

fg a, f|v5 Si X- gr %even nenbgred rin
égbeﬁagn PFa5F onBeREGRar §BR teaﬁyd?gﬁéﬂtaner octane,
CsQ2B- akky| n-G2tEAR, al kady| miKbucda- atNeredfy! alkykane is

h atons in the al kyl radical and 6-20 C
?¥b@gr$b}&é argi radi cal, NR112, OR', hal ogen, SiR123

or five-, six- or seven-nenbered 35 heterocyclyl, which

PR RS Hpd e OBTRLRLLET. IF O5RuR GONLPLIN, ehe
bBrenBEAtiened ©§ halidgeing NReRpoORdsor BaRifg \Walogen-
2QQKL%Q@%P@AEE@QQ%QQQO% ke - t@fﬁmé, cga%'ar%ﬁ,s out

two radi cal’'s R3-R5 can be bonde one anot her or

ehBR SHHRSRHLF adindes ®|7- Anegdn @R §o AJaQsMTREE i tSach  as
Oﬁetaagbhebrt@r@an1a five-, six- or seven-nmenbered 5
ring, and/or in each case two radicals R3-R5 are bonded
with one another or in each case two radicals R1I-R are
b@hdedewcthammnanbﬁthnéQaﬂommﬁiﬂédNbutSax 1@fto 150°¢,

r e h_co r| 568 at
¥g??ong?gf%%h1 @ Eé up cdn3| % R3r a§ W)Qﬁeéérably
Rilldﬂbpéﬁdeﬁﬂlﬁ .of Thee zsathéondenime F@Eﬂ(nnnveﬁixonally

ngt@égﬂl ,36:28%31:@ keé‘ﬁ(él 1@6 %ﬁ ar ¥>|r’§ ball.rpgy%eﬁgeén 5

having 1 to atons in the

alﬂ%%s| rBR%e Sar PR YSadi @él‘-‘téﬁUQSiaRiZS pméeeahlwhebetween 8
om@@ﬁgcaﬁadgcab§sRll can al so be substituted by

hal ogens and in each case two radicals RH can al so be
bonded to forma five- or six-nenbered ring, 20

Working up is carried out in the conventional mannrer,

e.g. by filtering off the product before or after
removal of the solvent in vacuo. Purification of the
product obtained can then be carried out by the
conventional routes, such as, for example, by means of
chromatography or recrystallization. An advantage of
the reaction in aliphatic, non-aromatic solvents is the
purity of the product obtained directly after
filtration, which renders further working up
unnecessary.

The process according to the invention is particularly
suitable for anilines of the formula II having at least
one halogen atom in the ortho position. Such anilines
result in only low yields of monoimine compound in
toluene or alcohol.
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R12i ndependent|y of one another denote hydrogen, Cl-
C22-al kyl, C2-C22-al kenyl, C6-C22-aryl or arylal kyl

' o 10 C atons in the al kyl radical an -
gté\gr%%isﬁos?he aryl radical and in each case 25t \A&q'lgp%ogmm%
radi cals R12 can al so be bonded to forma five- or
si x-nmenbered ring, El-E3 independently of one anot her
dwlfoem%éooaomﬁbﬁﬁegerortwog@ﬁ%yé, Th" AN | fgkgﬁermore
c%;bon, and. 30 i ndependently of one another are or
EPeeR fOYN9 r ogen or phosphorus and 1 for El-E3 as
car bon. The definitiongef the variables R-R 2 and
El -E3 and 35 preferred epBodi nents thereof is the same
as descri bed abog® for the nonoigd ne conpounds of the
formula 1. WO 200 nEEkEP 07/000096 - 13 - Ais
preferably chlorine brontne, in particular dBl ori ne.
R7i spr ef er abl C2-C20|a|ky|.Partigylarly 5 preferably,
R7 i s bonded Kk/ i a a primry or
ly pr¥mary rbon atom The

secondary,

nonoi m ne cQg of the formula la obtained in this
way Ccgé cactedNwith furtheP aniline of the 10
formul a gl ve unsymetric bis(imno) conpounds of

the for

R® R’

R10

wherein the variables have the following meaning:
A is chlorine, bromine, iodine, CF; or OR'Y,

R!-R? independently of one another denote hydrogen, C;-
Czz-alkyl, C;-Cax-alkenyl, Cg-Ca-aryl, arylalkyl
having 1 to 10 C atoms in the alkyl radical and
6-20 C atoms in the aryl radical, or five-, six-
or seven-membered heterocyclyl, which comprises
at least one atom from the group consisting of N,
P, O or S, wherein the organic radicals R!-R? can
also be substituted by halcgens, NR'';, OR!! or
SiR'?; and/or the two radicals R'-R? can also be
bonded with R?*-R® to form a five-, six- or seven-
membered ring,

R?*-R!® independently of one another denote hydrogen, C;-
Czz-alkyl, C;-Cix—-alkenyl, Cg-Cy—aryl, arylalkyl
having 1 to 10 C atoms in the alkyl radical and
6-20 C atoms in the aryl radical, NR'Y;, ORY,
halogen, SiR**; or five-, six- or seven-membered
heterocyclyl, which comprises at least one atom
from the group consisting of N, P, O or &,
wherein the organic radicals R*-R® can be
substituted by halogens, NR!Y;, ORM or SiR'%;

L)
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Unsynmretric bis(imno) conmpounds of the formula IV have
15 furthernore been found 30 wherein the vari abl es

wioeane7/egdoas1f ol | owi ng neani ng: Ai s chlorine, brorCEEP2007/000096

i odine, CF3 or ORn, Rl1-R2_jndependently of one anot her
denot e hydrogen, ClC22-al kyl, C2-C22-al kenyl,

C6- C22-aryl, arylal kyl haV|ng 1to 10 C atons_in the

al kyl andVeoal &nd eanh 20GEH80081PEIAER2D87/ RBI96canlbe

- 6-20ofddHoNRikR tBﬁear¥ oEag?ga$r ofnfiygan S#ésgr two

seven- nenbered heter o onpri ses at
one at 6AFLE8ASt h& gBoup‘EﬁhS|%%$%g be Nbopdeg owigh one

wher ei BnbBRe@r aaRi ¢oradi£aksvdll- R ,cancs @&éhliﬁembered
substituted gévgplogens NR112, OR' or SiR123 and

the twbiPddi G- FD CATh RS PetBBndadiifaks RB: 'F&s t@re
fogm abghuteld ﬁhth Obnée;/ﬁﬂomgé’.@efﬁﬂ rifng, edOR 3c&sd two
N epen N ano er. O] e (0]

Cl - 2254 5 (ngoal"k’é%yl GEZE ﬁ'\/l gn&ryf‘QPEDPr to
haV|ngf&rmo 10aC:atbﬁBe+r|trme&kyl RﬂdlCMséﬂﬁh{héﬁbéied
atoms hcbBedbtlort Aty WSS ' aP20gen. Bu8%kom

or fives 15 "Seveén-Srel eroc
whi ch Eoapr tbes gabupeasmsarsd iatgomff Mom R hel grmoub,
consisting of NN P, 0 or S, wherein the organic

di cal s 15-R' and can al so be substituted by
ﬁ ogehBdeRRIgeNtOR f WR12BOHAEFodene teadhy de@gen woC1~

radi cats,-R3x20, R, e8y-bexkbrpded michzzaraq-yqnot heFylalkyl
and/ or |n each case_two radicals R7- al so, be

bonded™&¥ i R9ore %ﬂoﬁﬂeﬁ:t%t?%?nﬁﬁ ﬁ?V% al%Y% r@plcal and

seven- gepber ed aitmhsand/ior tihe eaglylcasadir ¥ adcal $iR'%;,

R13-R17, can.al so, be bonded w th ,one.another to form 25
ofh it {367 oe

a fiveWDELFED Sev @K IREHSer E89CRGS afd/ orS3h &
case twobsaditoizless RbyRShalegkasdedndi t inoneaahotdese two

ana/ orrhﬂl%ﬁ% ®35C %M‘Daiég' £8! EoﬁaedR]:% %roernPOJ‘ddee

w th oné anof her to orma frve-, SIX-0r seven- ne
het er og§-pembededr nimgach 30 case tmo radical s R' R'
are bonded with one another to forma five-, six- or

seyven-nenber ed heterocyclyl, which conprises at |east
Bne atéﬁﬁ??@ﬁﬂ@ﬁ@kﬁxﬂ% eRBsPRPERgToOeNOte y@Fogen, Ci-

Czz—alkyl, C;-Cyz-alkenyl, Cg-Ci-aryl or arylalkyl
having 1 to 10 C atoms in the alkyl radical and
6-20 C atoms in the aryl radical and in each case
two radicals R!? can also be bonded to form a

five- or six-membered ring,

E'-E® independently of one another denote carbon,

nitrogen or phosphorus, in particular carbon, and

u independently of one another are 0 for E'-E’ as
nitrogen or phosphorus and 1 for E!-E’ as carbon.

The definition of the variables R'-R'? and E'-E® and
preferred embodiments thereof is the same as described
above for the monoimine compounds of the formula I.
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WO 2007/ 080081PCT/ EP2007/ 000096 - 15 - wherein the
organic radicals Ru can al so be substituted by hal ogens

' h case two radicals R11 can al so be
‘?g(ri[r'r(wi-@s@\f/e- or six-nmenbered ring, 5 R12i ndepe?gzﬂ;??gpt’}awm

of one another denote hydrogdm T - Cn-al kyl,

C2- C22- al kenyl, C6-C22-aryl or arylalkyl having 1 to 10
Caat @85 hPekBeaBhlY! chadir 5 tong,i -

arﬁl radgl)cal and |5'n ga%%rggéea? t\(/i\%&?rgldc?gél ??&f Inp%:gﬁlcu‘lar
alF89%%&™5onded to forma five- or six-nenbered ring, '
E' - E3 i ndependently of one anot her denote carbon,

ni,br ogen or ho?gho y's, in particular_ carbon, and 15

i Adeperddent XD Bﬁé ¥not fer arE @oTdtkpi-E3 HRarticularly
nibtredgeabaly , phedphbs usbated  fudre HEl t@:easafi'gllbo'i‘-inghevia a
dﬁutri'ﬁiatri on of trg)e ariables_RI-R12 and El -E3 and 20
prererrdd SEnPSHRSHRLY « TSI aRIY iF idaky acagerr pbeR -

above for the nonoi m ne conpounds of the formula |I. The

deti.ni tlon of th riahl es -R17 i s the sane. as . ,
dg]isugJ r ingdengﬂéﬁlor\l/ée ? 8%%9 Pgl%rsaocf #;;E'ge REORMYpR tﬁ% PSiRek in
cShpsundsy ofcamhebeormActed RStAcciudimgrt ariileine of the
[ irgQn, c are
a0 T e Cp s T 8L ERRANIN Y Soneaundy of
| €88t feRmula Y -groups, the aryl radicals of which are
not substituted in an identical 30 manner. This relates
to the substituents or the substitution pattern of the
substituents, under the theoretical assunption that the
gﬂybymdt&agf bd.g(jrnoior%)eké?lﬁfgéﬁ’z:ql§5claf lthe fofrmulbal v Rh7ave
er - -al kyl . Particularly preferably,
ighéghgggc’%ﬁ %’eteﬁle acf"&ﬂéri ng via a primry or
secondary, preferably primary carbon atom

TL
R 2 R,
US4 3 U
E|1 K E3 IV
1 2
R N/ R
A R14
RS N N R"
R® R’ rR" R
R1Q R15

wherein the variables have the following meaning:
A is chlorine, bromine, iodine, CFi or OR!?,

R'-R? independently of one another denote hydrogen, Ci-
Czp—alkyl, C,-Czp;-alkenyl, CgCz2-aryl, arylalkyl
having 1 to 10 C atoms in the alkyl radical and
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WO 2007/ 080081PCT/ EP2007/ 000096 - 16 -
Preferredradi cal sR 3-R 4ar ehydrogen, met hyl ,

wo id7eedosrret hyl , ethyl, n-propyl, iso-propyl, wcipshoro0009
i so-butyl, tert-butyl, n- pentyl n- hexyl, n- hepty ,

noct yl , benzyl , phenyl fl uor| ne chl ori ne and brom ne.
5 Particularly preferabl y, the radicals R 3-R14 are a
Cl Cncal &yR0 whixtoms {bneﬂ:bleabiqy]bormﬂcm&thotrhefiafe/-l six-

ring vig,a r abl
car bon gt orhgég%ﬁP%{g@Ee)??g ra %/5 g{(%sghd %}'93 ddmprises
hydr ogeRt AEREFE on& iom nfmlﬁpl]he troupi mnmlﬁwrnmeof N,

and broping, ANt nyRakLigUl by, R RB
and R afe identical 15 the HYAAR - 158 LEETEPRY- R ean

Pr ef er r 247 adi 22 sﬁ%’e’%&‘b‘?‘bg@ﬂ nBahppens, NRY;, OR'Y or

trifl uosm%hydndﬁéfwlthen PFOPYadicadsPr RIWE2 @aﬁ)Utai'so be
i so- butg pentyl , Nn-hexyl, n-heptyl,

noctyl %'éﬂ‘z§| Wlﬁﬁ"erﬁll Rt EQorioH@® & hfbiene &A&—brasivi seven-
and in mambeeuhan:llfmdrogen met hyl, fluorine, chlorine

20 or bromne, very particularly preferabl y nmethyl. A

i's preferabl y chlorine or bronmine, in particular

chi-&? PneRlﬁ-RIThelpmammmgrmipf bhe lmﬁeymmhbther denote
bi s(i m ou for I m.t h

nonoi m 8 ggl’mg’g 8 ;{]1 Yo it &I’ a%&&“ﬁf&rtﬁc ~Co2-aryl,
ani | i neabﬁl@h%iﬂorwgngl 1 cha O clrrivonputiruntdbe takkyl
sanme copgii Lgns h egn | et

in the pérjg%ggs a?;%rﬁd) g 3 &ﬁg ﬁ%e%tﬂl on‘:ri?%g lﬁéélcal
pr epar &R oar of OR C’rﬁ% c&rﬁﬁ)undsplbf fijeefor il or

| . The sesyATRERbE rBidS (hat80bcGempRYNdgn Oknt h@orﬁ@fﬂyéé at
IV can be converted into iron compi exes of the formul a

V. 35 THeRRtaPBes@ OMbIfFo R J5_LR FEPSipsing of N, P,
pol ymero z atr OB OfwmzhﬁéimStheV‘lbrganlc radicals R’-R!'® and

2007/ 0 8 PZO 7/.000096 U 11
conpl ex é ?‘ oy Rt Jt%%t?%c?g mrﬁéﬁh%glr"{’?g?ém 2r

been fth qatSLﬂig and/or in each case two radicals R3-
R® can be bonded with one another and/or in each
case two radicals R’-R! can also be bonded with
one another to form a five-, six- or seven-
membered ring and/or in each case two radicals
R¥-R!? can also be bonded with one another to form
a five-, six- or seven-membered ring, and/or in
each case two radicals R3>-R® are bonded with one
another and/or in each case two radicals R’-R'
are bonded with one another to form a five-, six-
or seven-membered heterocyclyl and/or in each
case two radicals R!?-R!? are bonded with one
another to form a five-, six~ or seven-membered
heterocyclyl, which comprises at least one atom
from the group consisting of N, P, O or S,

R!? independently of one another denote hydrogen, C;-
Caz-alkyl, Cp-Caa-alkenyl, Cg-Ciz2-aryl, arylalkyl
having 1 to 10 C atoms in the alkyl radical and
6-20 C atoms in the aryl radical or SiR'?%,
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5RI.j"".Ru EI"E3 7"N,R2 A 11 101?1,,z, FeXsDt R' R15 15
wherein the vari abl es have the follow ng neani ng: A's

' brom ne, iodine, CF3 or OR', Rl-R2
%@%@E@gﬁly of one another denote hydrogen, GCT/BR2007/000096
C22- al kyl , C2-C22- al kenyl , -Ca&5C22-aryl, aryl al kyl

having 1 to 10 C atons in the al kyl radical and 6-20 C
atons in the.aryl ,radical, .or five-, .SiX-

) Qk
seven- mBGEFE h&h& oé’)’f’aa&/ 1c V\ﬁiagﬁc@d'r?pr iRses Ll e%%?o be
one at osmbsamtutedr byp bedegenisnganfl Nin25e®ch0 oasg, two
wher ei n Qa1 i - I ;e
substi t L]J:%ggc%)}%hgﬁl ogéﬁg, g?l%@lg% %‘a%rla %oSR%ZO%n%/g%ve or
t he twosixdimezibe®Rd RAngN al so be bonded with R3-R5 to
forma five-, six- or seven-nenbered ring, 30 R3_013,

Rn*gg i ndependent |y of one another denote hydrogen,

CR'C22- ankppendentdy pkeape, angtbez- depoteyrhydrrgen, Ci-
havi ng. ,1.e 1y €, atgue, - 104yl kot icydl sal 1 ik Ga2f1 £1ky)
at ons inz% heﬂ%]}ﬁ rgdizczal, 35 YqI;IRJ,lZG, v tial ogen ,9 Y
Si R123 &aViinge-1 &px-1%C sabemnsnemere Ad éé’llochF'J;fF"’,‘l and
whi ch c@20 $esatdms east theeagydnMrbda@atllhearg! oip each case
fggf"czlt 'g’&%?fﬁaﬁ'gﬁglso Q2 Seaihengl fhe 909305 o form a

five- or six-membered ring,

E!-E® independently of one another denote carbon,
nitrogen or phosphorus, in particular carbon, and

u independently of one another are 0 for EE’ as
nitrogen or phosphorus and 1 for E}-E® as carbon.

The definition of the variables R!-R'? and E!~E® and
preferred embodiments thereof is the same as described
above for the monoimine compounds of the formula I. The
definition of the variables R'¥-RY is the same as
described above for the radicals R*-R!® of the monoimine
compounds of the formula I.

According to the invention, unsymmetric bis(imino)
compounds are understood as meaning those compounds
which comprise at least two imino groups, the aryl
radicals of which are not substituted in an identical
manner. This relates to the substituents or the
substitution pattern of the substituents, under the
theoretical assumption that the aryl radicals can

rotate freely.

R’ is  preferably a  Cp-Cp-alkyl. Particularly
preferably, R’ is bonded with the aryl ring via a
primary or secondary, preferably primary carbon atom.
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WO 2007/ 080081PCT/ EP2007/ 000096 - 20 - definition of
the variables R'-R' is the sane as descri bed above for
the radicals R3-R of the nonoi m ne conmpounds of the

WQ21i080081 The preferred enbodi ments of the vaPCEEPRE7/000096

R'-R' is the sane as describgg¢ above 5 for the radicals
R 3-R 7 of the unsymretric bis(imno) conpounds of the
formula IV. Ais preferabLy ghlorlne or bromne, in
paFeferrad chredigelsio R ﬁrdln@nﬂ)tihydnngﬁnacn1methyl

URSYFTBS b c espa ers an
t hose cog‘;ﬁﬁ%ggmm%%mﬂ Ego g unjtéin-grjr%‘%}:’gE dbutyl,

bt ¥ TRER TR Yoc oROPRBEY 4. t e Hawseht | BnheRkydg n-

abct Bst bewe yilli r&&tg@pSﬂhB@laé ardﬂlchaﬁt@a%%dofbromme
ngt subs ted |n an |dent|cal ppnner Thi

m%”é'tje%uf%r Ke P& s the wReisdIs i Rutifon 6§t3tearncl
dfzot-laékgrtlbswmlmntfs pmlﬂratmpytkbweal ﬁathawénmﬂﬁn ring
that the_ar cals can rotate freely.
IV Ehnbe BEINaEY £ 85 P SoT i fve EREEEAA Y (Brinary carbon
cotorespondi ng iron starting conpounds which are used

for the synthesis of the iron conpl exes, but can al so
additionally be varied subsequently Possi bl e |i gands

Be@med |mcpmal$:ulth me WAl ogerss, hyubtogen, methyl,
401 nen- ﬁg%nef1@a¥F e Q%ld%&ﬂga ﬁ@dbggﬂﬁgeth%%% in
|n partlcu [orine "bromine, Al K

W%@h@thylhyc&mn pr SE e nakly ,, V|Rnyl ,andl| yIR'® are
phesyt i @41 benzyl, are also |igands X which can be used.

30 Further Iigands X which may be nentioned only by way
of exanpl eandi nnowayconcl usi vel yare

tpid feoroacet atarliRfaAl PF6- rR1Nd yeakl y Hy Ky dFeden, methyl,

oot bRt o Rl Caaot by aaso-BRoRYL, noButyl,
adl swtultay ks, teutf-dumtds, nap@mkylatashmxykxhkehepayes,n—
t R' 0 I WY
S B2 SR EPuRRiE” AR e S R e
and phnt Pantaaul air et pd e §nus a¢th b fluorlne, chlorlne
%QpﬁhgﬁgﬁﬁéPCJéE?ZQQZLQQQQgély preferably methyl.

A is preferably chlorine or bromine, in particular
chlorine,

The preparation of the unsymmetric bis(imino} compounds
of the formula IV from the monoimine compounds of the
formula Ia and further aniline of the formula III can
be carried out under the same conditions as have been
described in more detail in the process according to
the invention for the preparation of the moncimine

compounds of the formula I.

The unsymmetric bis(imino} compounds of the formula IV
can be converted into iron complexes of the formula V.
These are suitable as catalysts for the polymerization

of olefins.
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- 21 - since they are obtainable fromcheap and easily
accessi ble starting substances. A particularly

nbodlnent thus exists if X represen
"g{’%ﬁ?&@g met hanol ate, ethanol ate, isopr okgﬁgngog{ﬁoim%

5 phenolate naphtholate, tTiITate, p-tol uene
sul fonate, acetate or acetyl acetonate. By varying the
. g YSL§ ertl S,.wsuch; as

sglmu i tt{/i,l(ganl <(E?:]I?fl neﬁé B%J gste SS5i Il V. have
ecf%nﬁbswwmrgom cbeer, feundexanpl e, the

fO||OMAng G - C20-al kyl, wherein the al kyl can be

| i near or branched, such ag*e.g. nethyl, ethyl,

n-propyl, isopropyl, n-butyF iso-butyl, tert-butyl,

n- pentyl, nhexyl, theptyl 2n- octy{fj n- nonyl, n- decyl

or n- 15 dodecyl, ed cycl oal kyl, which in

its turn can carry a CB 10- affyl group as a

substi tuent, su&? as e. cy Ioprop , cycl obut ane,

cyclopentane I ne, cycl ooct ane,

wherein

t he aIkerI l'ine r branch;d and
t he douB i nt rﬂgy/ qal R&uch as
e.g. vinyl, , 2-a |« 3-ally enyl ,

pent enyl , eX,D,

cycl op S pexenyl, cycl oggie 16

cycl ooct'adi enyfl , C6- C20- aryl, wier ei n” the arJ? radi cal
25 can be subg®tuted by further alkyl gwoups and/or N
or O-containing radicals, such as e.g. phenyl,

napht hyl , bi phenyl, anthranyl, o-, m, p-methylphenyl,
2,3-, 2,4-, 2,5- or 2,6-dinethyl phenyl, 2,3,4-, 2,3, 5-
2 whefrein?, t41é5 -vaPidbbes Ofiade 4tHet fbﬁbh!h?hﬁh@}ﬂmn% 30
ngghoxyphen or, 2- N, N-dlnethylanlnop gg

aryl al kyt>, LT ¢ HREDPYTR KYPOLRR b sUBE PR U ed by

further aIkyI groups, such as e.g. benzyl o-, m,

pret fyl -1 .01 yl n ere
agﬁrgprﬁgﬁgﬁﬁ %%ngfg §hgb3%%% 4wh?%$np¥d§oggp, C1-
35 6- rreﬁf’th%kalng getC12he l&egadic rCadC@masrﬂr caargladkyl

be substighutRf Dythaliquensatsmeh i35 €nd- ahk
chl ori ne orl§$0n1ne As Sl?or anﬁb su st?tu %ﬁ%& and

the san®2HicapEoBs [insttde a%’EJY/Je radispeé. déTtralflV%Tf Rsix-

VO 2007/&0@&%@@&5@)@&@&09@96roc?{%lyliir ewR9&sl bkempehises
RH if a pr riate it Iso belnﬁﬁp055|b e for two, RHto

be bondé 4% e 5260 6PoRoLhEr SF P FoRZARt hry of N,
e.g. trlPrretmyd)BI Byl whereln the organic radicals R'-R? can

triethyl | ,.hut i Lyl rlbu | silyl 115

trlaIIyIaé'l ‘yg b Xuﬁgg‘f{: 8 Hy ' Hend K‘{W;ﬂyPRn or

Cl-C i oSdIRs , aedéhrasthﬁet hyb mdu;dalm B-olpﬁll ;:an also be

n-butyl pdRidd Wfé’ljl R’LPpen.Iéllfo g e|1 h )ﬁ Pdseven-
enzyI pheny

n-octyl, as well as vinyl are
preferaﬂ%@ﬁﬁﬁ%ﬁzﬁ%?%M|cals RH 10 The nunber s of
Iigands X depends on the OX|dat|on | evel of the iron.

The 13S_therefore c ated in genera

&' . oRi datt'¥ e?%ﬁ Biythg roﬂn?n(éh%ﬁ%ﬁ?caﬁﬁyote

active mmqﬁagen;|Grusgablyyknown Cza~alkenyl, Cg-Czz-aryl,
arylalkyl having 1 to 10 C atoms in the alkyl
radical and 6-20 C atoms in the aryl radical,
NR!'',, OR!Y, halogen, SiR'?>; or five-, six- or
seven-membered heterocyclyl, which comprises at
least one atom from the group consisting of N, P,

0 or S, wherein the organic radicals R*-R!® and

L)
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15 to the person skilled in the art. However, conpl exes
in which the oxidation |evel does not correspond to

wdzoo7/0doogihe active catal yst can al so be enpl oyger/gRe6M000096

conpl exes can then be redugeq or oxidized accordingly
by suitable activators. Iron gonplexes in the oxidation
20 level +3 or +2 are preferably used. Dis a neutral

donor, RY-pAftésnl alsa m@uguﬂsdxwu@e@a§ ﬂbl@@@d& NRY,,

aci d, sugh ex am nes, al co oIs et hers

ketonesaﬁ gﬁ% §c§u 5“@/%f 01 FAGHS Ca8 e, tushasit Fts R-
whi ch cBh @@nbbndémmdad1wh9hlbna amﬁuhennananostuw each
be cont @ ggd du thgapoIpL ekragia &5l dugh (0l NENL LEOM Ly ¢

the preparation o e 1ron conpl éxes. e nu
the |igam@ls Inekhebe O nubden b’-i‘:‘t\A‘EéfE'O; 3Giard o mndeven-

of ten o&ﬁ@;ﬁﬂgl?een fﬂﬁ% SQ'rM?Btr | P WRIAGl, T RE sbr 0p, SO B% a1 s

i's prepag ﬁ w | ong the resu tlng conpl exes are
dried, th efFéPole dpandedy wdéhotane Aoebdemmhtehfiosm a

not an fmr@gsar sS#Ch @8 QG&rdH-rlembe fdd D%M(fu' ndfot S in
0, 1to 35 Partlcularl referreg uns

y
blylnrﬁﬁ%%nﬁ@ﬁﬁj Ly Fﬁ@lFéﬂﬁuﬁ% RV éF@ bonded with one

2- [hlI ](236160tih§§t f'&d’}cpheﬂ’%hgmé@v% case two radicals R’-R!C
et hy chl or.0- 4, 6- . .
2007/ os%’b%ﬁé’i*?%gzéfd%}‘o@é’@%“‘-o%’i to form a five-, six-

d|nethy¢phemgVenrmembehyb]pyetdkneyaiyl-(én@Jﬁm in each

i ot ol Sy Pr o SRR GRS OBt with one
2-[1- (ZBTBO'élll'lﬁét eyl pﬁ@ﬂyl iam fioyet hy $lix6- (dx ( 3ededi-otenexed

-6- 5 r!%i%@efay LI leeérh%]::ﬂ%!&%gle@e dgtL:!te(a%tA' 8ie atom

trimeth hen i ni no) et h [ oro- 6-
met hyl nsyetlﬁyppﬁwﬁailﬁs of[ ¥, (2,60 or S,
dinethylphenylln1no)ethy1] 6-[ 1-(2-chl oro-6-
thyl phe i m,n thyl ] pyridine, 2-11-(2,4,6- 10
ot PTREORPRE ) DELPIE PTOtRSE cHeBPaeghydrogen, Cr-
gethylghﬁﬁyukwﬂno)e&hy?}ﬂyrk&h%?a 2($&{hﬁlﬁryl6 arylalkyl
iisopr tQM%" -[1- c r -
phenyhéﬁ?% tg %%R??d?ne -ﬂﬂs{é,%ﬁe fkéi rgﬁ CXE and
atoms in the aryl radical or SiR'?,
wherein the organic radicals R! can also be
substituted by halogens and in each case two
radicals R' can also be bonded to form a five- or

six-membered ring,

R2 independently of one another denote hydrogen, C;-
Caz-alkyl, C»-Czz—alkenyl, CgCiz—aryl or arylalkyl
having 1 to 10 C atoms in the alkyl radical and
6-20 C atoms in the aryl radical and in each case
two radicals R'? can also be bonded to form a

five- or six-membered ring,

E'-E® independently of one another denote carbon,
nitrogen or phosphorus, in particular carbon, and

u independently of one another are 0 for E'-E® as
nitrogen or phosphorus and 1 for E!'-E® as carbon,
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di met hyl phenyl i m no) et hy1] - 6-[ 1- ( 2- br onp- 4, 6- di net hyl -
15 phenyli m no)ethyl ] pyridine, 2-(1-(2, 4, 6-

henyl i m no) et hy1] - 6- ( 1- (2- br ono- 4, 6- t
%@enyf&%”go) et hyl ] pyri di ne, 2- Ll (2, 6- PTrieHoriooonss

di net hyl phenyl i mi no) et hy1] - 8- 13- ¢ 2- br ono- 6- net hyl -
phenyl i m no) et hyl ] pyridine, 2-[1-(2,4,6- 20
trimet hyl phenyl i mi no) et hyl]-6-[ 1-(2- br ono- 6- et hyl pheny

Ilnlno) eth pyri di neand2- (1- (2, 6-
soprdﬁ?%ﬂ%%ﬂ??? ti¥o) efhyape6-gnothebr odenbte fluorine,
met hyl phetiyd ¥ &) BEBREhBY T |ilidi%e , 2 yid¥ n%%ﬁpatatgm—g(ifkyl

t he |rog%f Ie es |§ descri bed, for exa
Chem S 1002 LKen¥%ba o Ger Cas@rvlro0ayy13 Lkgherhasorg , 1-10

Chem Camatomd998, 340 @Dﬂyl’ﬂ@@i@gﬂzéndpr@fﬁfr@datbﬁg in
conplexqélof the.fornmula V

2-(1- (2,8 i Ry ph’éﬁE}FFﬁ%no) NByar] - 6ORI%/( 2- SBY®,  SOsR',
g_hl or o- QCBF@DIF?'& hgiNphegon j mf?iféf{ltyrhd?wldo;wemqrr PF¢ or
I C ori en I mno

[1-(2-chl© '%?;V 9’8{“ é@?ﬁ’ffﬂlﬁﬁé y"‘\%%?d{setﬂ 5]53\91& ‘é’r?%hs X
di chl or iakse 2§ 1am52r@pmaee hipbpdiedywi thnohet Ayiblth@d, 1-

(2, 4-di chl or o- 6- nethylphenylinino)ethyl]pyridineiron 35

dighl oride, 2-(1-(2 6-trimet hyl phenylim no)ethyll-6-
(fi?Z 4&ﬂdﬂﬂ?ﬂ4ﬁ@¢hmtﬁﬁlph@nWHthﬂnen¢w¢¢gyhydmngmmoncl
di chl oricdg-a®r{i; (2 Jmt enyl no) 1] -

(2-chl orcg§6ane{( ané |mlnmé|6)n fyl ] d?F. DALY - ldaniy)
2007/ osé’c?é’fﬁ@r/kpi@m %o@o%omszzm the alkyl radical and

Fnlc?lzor L‘T’Q‘Q d- (aacldhll@htm lmsgml | 1 /A @0¢81NyL)Y-6355R19,,

chl.or.o- phenyl i m no py.rjigdi nei ron

di chi or i"d8 ;h”§§¥% ?ghﬁ %ﬁiﬁ%ﬂ%rn%%)e?ﬁ?l)aéso be

[1-(2- lematlﬂ:utmdlybphera)ﬂdganso)@t hyli } pygledi-nedn®nNoxygen-
containing groups and in each case two radicals

R® can also be bonded to form a five- or six-
membered ring,

RY? independently of one another denote hydrogen, C,-
Cao—alkyl, Cz2-Cyo-alkenyl, Cg-Cyo-aryl or arylalkyl
having 1 to 10 C atoms in the alkyl radical and
6-20 C atoms in the aryl radical, wherein the
organic radicals R! can also be substituted by
halogens or nitrogen- and oxygen-containing
groups and in each case two radicals R!® can also
be bonded to form a five- or six-membered ring,

s is 1, 2, 3 or 4, in particular 2 or 3,
D is a neutral donor and
t is 0 to 4, in particular 0, 1 or 2.

The definition of the variables R!~R!? and E!~E® and
preferred embodiments thereof is the same as described
above for the monoimine compounds of the formula I. The
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5 dichloride, 2-[1-(2, 6-di net hyl phenyl i m no) et hyl] -6-(1-
(2- brono- 4, 6-di net hyl phenyl i m no) et hyl ) pyri di nei ron

Wi 2iel7/08008E, 2- (1- (2, 4, 6-tri met hyl phenyl i m no) et pgtAEPto07/000096

[ 1- (2- brono- 4, 6- di met hyl phenylg m no) et hyl ] pyri di nei ron
di chl ori de, 2-[ 1- (2, 6-di net hyl phenyl i m no) et hy1] - 6- ( 1-
10 %2-brqnn-6-neth¥;phenyLinino)etgylhgyridineiron
dfeRiBitden2- pf- (2he evariabillpl pRemB'i ni he) ethgl] séme as
[ de 621 BpRED GRS hyd PheRy! b ai hib 1 wer il ngi mi
di chlori de ?ﬁr;fd 2@1&;, 6-diig&sigg%g%ylﬁphlgnyloi%mn%{o§ g‘?ﬂ?‘ﬁ?‘l"e
6 PAPPYDHS o R 6L HheY | Em et ByPEpyred rembpodinents
dbtﬁﬂk?ﬁi dexorat hes DRF:IJK}S-} ak ;iih*é[ ﬁmrQ@SaQI deldd¥idEdesbove
€ progesses acgo n o.the invention, in
DEPTi cHhear £ AR CrSs HEear Roel GE( RH%. WRRAMPBRERGE BLs (imino)
sobmpotundnt scandles dracaileeriedi nt ot he 20 correspondi ng
nonoi m ne conpounds in good yields. Furthernore, the
wor ki ng . up of the nonoi m ne conpounds obtained is
chnsislerpid fesalnpyerchhodihel teri nyrafiinef tiw particular
péﬁ?&?kﬁéte fornmed, which usually conprises
excl Us1vélyt henonoi m neconpound, i soften 25 sufficient.
The nonoi m ne conmpounds la are thernodynanmically very
S r WLt h Ll tQ
g B e s oG LT 3] et feces
cHRPoundLafiteIPdr e 350t WeBRING ut QOB compounds  which
e&@ad@fpgewhadrmmé@ﬁ@aﬂ)ﬁs { i R8) OELRP RS | A &ing
use s starting supstances, a further reaction wth
fb?tEEP VST R LBRY Y NP edds 166 SH XEMR edMdNOy GHBRS, the
synykt r redhodlensyifmewhiiehbi sirél N@ctoNBRIbMAS.twded in an

identical manner. This relates to the substituents or

" the substitution pattern of the substituents, under the

theoretical assumption that the aryl radicals can
rotate freely.

The ligands X result e.g. from the choice of the
corresponding iron starting compounds which are used
for the synthesis of the iron complexes, but can also
additionally be varied subsequently. Possible ligands
X are, in particular, the halogens, such as fluorine,
chlorine, bromine or iodine, and among these in
particular chlorine and bromine. Alkyl radicals, such
as methyl, ethyl, propyl, butyl, vinyl, allyl, phenyl
or benzyl, are also ligands X which can be used.
Further ligands X which may be mentioned only by way of
example and in no way conclusively are

trifluorcacetate, BF, , PFg and weakly or non-
coordinating anions (see e.g. S. Strauss in Chem. Rev,

1993, 93, 927-942), such as B(CgFs)s . Amides,
alcoholates, sulfonates, carboxylates and B-
diketonates, in particular R}?®-CO-C(R!®*)-CO-R!®, are also
particularly suitable 1ligands X. Some of these

substituted ligands X are particularly preferably used,
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WO 2007/ 080081PCT/ EP2007/ 000096 - 25 - nol ar nmass
di stributions and nol ecul ar weights in a range which is
favorabl e for many uses. The iron conpl exes V according

\?825 ghggyention can be 5 used by themsel ves o, IpC (l!glJfaOMIOOOO%
urther conponents as a cat aI% t systemfor the o

pol yneri zati on. Catal yst syst “for olefin
pol ymeri zation conprising at |east one iron conplex of

theday mitRey, QREl ONsYd idbIE JAREEMOT JHMYPANARd  easily
su qoort ptionally qne or nore 10 activators,
pE{) oerFaﬁlll?jll%ne StakEi&onet aFUROFHRCHYs of Agroupaktigudprly

1Py mffahmeger emtdodimahite anrhooptesnsatsy fllﬂtfbef represents

C bl e olefin I nerl ation have
S LD RetBanBigtel RERRIAE , Ols0iYRoano1gte,
i riPhergelldte n sephtbaﬂe&ehastnnf;yaaej ow-tal lyreare zatilddnate,

acalde‘ﬁattye &hdy ihggep nQ %)ught into contact with one

or nore activators in or 0 be able to display a
good pol yneri zation activi ty The cat al yst system

they efqee lagrta%ﬁ%%l%gtr songiel Ve ) %gfﬁr S opfoferties,

nore activa oun pre era

a&qq}ht%gﬁ?%‘ﬁ%bhht@lxr TRE Ret ibisedy cardltr%t%sétul:f?aﬁgnble C-

Carg jah iRaCh seds she i oyehdﬂl N Ay degigred @ERURNS,  the
2% on, the ron 25 co §§V and they are preferably

“Ereedlkyt- EBiBh thRe kY hrowht Be Hhaear

armurnranfcra@d; vgﬁcngaeoepqund(e&)hyth ke HisEed ﬂe?.esﬁﬂpnlsm
tg>erna jure of the act.iva ratio
rrp

v o iivat itRS %’W&Und |§ bH\Fé(H't'l oHaIpIey%err n-
tﬂmmdnge nfh8ptyiom h-Gckyle 1:dn@Yl, pr ef-eleally foom n-
2000. t
ooy P 0r 8 BBl KoBaR o PR PRCRES curn
aclad Wibnﬁccsoﬁmmhmw aa$edi sudsitd tomnon such as

an, igpnic 3 vi ng ac:lda
oot i, éyeog?/ g,g,g rlréalifPCT/ E%ﬁoo%mdggs gcyElopentane,

Al AN ConpEGRebetante geveterctansul a*ezc(benmane or
(dyclasdodtdnsyl @&Lﬁzos-lélltk@?iﬁ, wherein the alkenyl can

be linear, cyclic or branched and the double bond can
be internal or terminal, such as e.g. vinyl, l-allyl,
2-allyl, 3-allyl, butenyl, pentenyl, hexenyl,
cyclopentenyl, cyclohexenyl, cyclooctenyl or
cyclooctadienyl, Cg-Cz~aryl, wherein the aryl radical
can be substituted by further alkyl groups and/or N- or
O-containing radicals, such as e.g. phenyl, naphthyl,
biphenyl, anthranyl, o-, m-, p-methylphenyl, 2,3-,
2,4-, 2,5- or 2,6~dimethylphenyl, 2,3,4-, 2,3,5-,
2,3,6-, 2,4,5-, 2,4,6- or 3,4,5-trimethylphenyl, 2-
methoxyphenyl or 2-N,N-dimethylaminophenyl, or
arylalkyl, wherein the arylalkyl can be substituted by
further alkyl groups, such as e.g. benzyl, o-, m—, p-
methylbenzyl or 1- or 2-ethylphenyl, wherein 1if
appropriate also two R'® can be bonded to form a 5- or
6-membered ring and the organic radicals R'® can also be
substituted by halogens, such as e.g. fluorine,
chlorine or bromine. As Si-organic substituents Sing,
the same radicals as listed above in more detail for R!®



I D yAl-1-0 Al-V-R4 (X) R'7 513 10i n wherein R1ID- R4D
i ndependently of one another denote a Cl-C6-al kyl

W& Runesopgief erably a methyl, ethyl, butyl or i sg®k¥ioer/00009
group, and | 15represents gnzbngeger from1l to 40,
preferably 4 to 25.

Met hyl al um noxanei saparti cul arl ysui t abl e al um noxane
corpopuhs il dhefqr effdf at | 0h  afppidteas oté ganer ixlso being
] n 0 ngss i 5..cqQnv [onal Ly carried t b
?oﬁgrlo ed%roga_gtl[l?gongof goso%uftlp%r}l&% ttiéia%}'[‘aﬁu nu 6-
ineRReredul aritnd et hghghuni nsn  wiet.ly .wat et risethylididyl,
25, tdvenl $ PPPEr i C a'b‘ﬂfﬁ'%ﬁ YLy ds obt ai I e

thiJ,'s reygictjgg}:are int eq%&or.mﬁir%q;glu'( es O?rggﬁﬁ:ﬁs%lyl,
S Itrieklwhel byt | ctERBhANKDPédNLesonf dimeshydphleaydisilyl.

Q| -Chtalky B, t @ubd rLoanderyds atPRan RlpEopyhe n-butyl,
xange cogBoundi can _also be in the Tormor a

al um no
hS&UTRI W h BOPERAYE - mBrA1eX ey IS hedfXAe A R EnBrPg tiily h as

alalm nast elikiylls. 24wl hoxeneyl oardl PHeansl Waikeh g&@&erably
sul tcgbl e as actLva oy s are commerci al |y obtai nabl e.
IHREL AP FAThe25F uli moxane conmpounds of the general 35

10 forrmulae (X) or (XI), nodified alum noxanes in which
The number s of ligands X depends on the oxidation
level of the iron. The number s therefore cannot be
stated in general terms. The oxidation level of the
iron in catalytically active complexes is usually known

15 to the person skilled in the art. However, complexes in
which the oxidation level does not correspond to that
of the active catalyst c¢an also be employed. Such
complexes can then be reduced or oxidized accordingly
by suitable activators. Iron complexes in the oxidation

20 level +3 or +2 are preferably used.

D is a neutral donor, in particular a neutral Lewis
base or Lewis acid, such as, for example, amines,
alcohols, ethers, ketones, aldehydes, esters, sulfides
25 or phosphines, which can be bonded with the iron center
or can still be contained in the complex as residual

solvent from the preparation of the iron complexes.

The number t of the ligands D can be a number between 0
30 and 4 and often depends on the solvent 1in which the
iron complex is prepared and on how long the resulting
complexes are dried, and therefore also may denote a
number which is not an integer, such as 0.5 or 1.5. In
particular, t is 0, 1 to 2.
35
Particularly preferred unsymmetric bisimine compounds
of the formula IV are 2-[1-{2,6-dimethylphenylimino)-
ethyl])-6-[1-(2-chloro-4, 6-
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t he hydrocarbon radicals are in sone cases replaced by
hydr ogen atons or al koxy, aryloxy, siloxy or amde WO

VAABBET e ol <o be enpl oyed as the acti vat or . PRERAWTIeSs

proved advant ageous to use tHe3 iTon conplex V 5 and the
alun1noxane conpounds i n anbunts such that the atomc

r@ﬁh@t £#£g§ﬁ§?1é$§ @4Hg1noxane cogp?yngg 4,6-

|nclud|ng alunlnun} cont al ned therein

t e Hmesh Wﬁﬁﬂéq‘%%’y‘é@?ﬂb&sﬁls(%b‘ﬁbéﬂfpoﬂalsl—y in
t1 (r)ua_irre?; v (%'ferf})'piﬁaﬁnd-)éﬂi 0 ﬂ-ldﬂ{Qe}tOL eferpbly, éramnethyl-
in the range of from
Z@hfnt c’]l)e'%’d]ui(t?]ef{ﬂé HigPEBré-activators
amtﬁiﬁ;ﬂxfmallﬂémmmyﬁwymwm@m@nes Thfese cgzl—S pg—(% 4
pr.epar Qr exanpl e 0 [o to
ethfJiO%ec AP RTY e ﬁ%‘?’ég'bg JO gz % 4ishiptogsrent s
oheﬂhyiph&nykmmnnnﬂeﬁhylﬁpy&iﬁdmmnwto an al kyl ap4d(inyp) 6-
{ b t |
¢ YR A S ey S SRR €51 o unas
ammmamdmnw ety lpypolgimei zati on are 2-{1-(2,4, 6-
d ;ﬁﬁﬁ&ﬂk 4787 ... The atom c
rgﬁﬁyﬁﬁﬁy unlnwn?&ﬁ¥$¥% L%d?%x?g §§1ngxane
c6Wﬁ@dﬁ@hﬁﬂYk#W¥HQkﬁﬁHthPYf%d4¢%n conpl ex V is2-[1-(2,6-
C%%%%L@Wl@héﬂyimlrﬁ@%ﬁ] f1g0m 1(3-tR1408-b-methyl-

fer bly from 10: 1 0: 1, and 1n particular 25 in
%ﬂOH%QﬂN%iPﬂF%Q%W%rl Preferred strong2=[1-(2,6-

nmiwewhm@mmmm@r@t OPIPOspE- p-bhemgeneakimethyl-

AR IEREEROT) 1

trlmethylphenyllmlno)ethyl]—G—[l—(2-bromo—4,6-dimethy1-

phenylimino)ethyl]lpyridine, 2-[1-(2,6-
dimethylphenylimino)ethyl}-6~[1~(2-bromo-6-methyl-
phenylimino)ethyl]lpyridine, 2-[1-(2,4,6~
trimethylphenylimino)ethyl]-6-[1-(2-bromo-6~methylphe-
nylimino)ethyl]pyridine and 2-[1-(2,6-

diisopropylphenylimino)ethyl]-6-[1-{2-bromo-6-
methylphenylimino)ethyl]pyridine.

The preparation of the iron complexes is described, for
example, in J. Am. Chem. Scc. 120, p. 4049 et seq.
{1998}, J. Chem. Soc., Chem. Commun. 1998, 849 and
WO 98/27124. Preferred iron complexes of the formula V
are 2-[1-(2,6-dimethylphenylimino)ethyl]~6~[1-(2-
chloro-4, 6-dimethylphenylimino)ethyllpyridineiron
dichloride, 2-[{1-(2,4,6-trimethylphenyliminc)ethyl]-6-
fl-(2-chloro-4, 6-dimethylphenylimino}ethyl]pyridineiron
dichloride, 2-[1-(2,6-dimethylphenylimino}ethyl]-6-{1-
(2,4-dichloro-6-methylphenylimino)ethylipyridineiron
dichloride, 2-[1-(2,4,6-trimethylphenylimino}ethyl}-6-
[1-{2,4-dichloro-6-methylphenylimino)ethyl]pyridineiron
dichloride, 2-[1-(2, 6-dimethylphenylimino)ethyl]-6~-[1-
(2-chloro-6-methylphenylimino)ethyl]lpyridineiron



10

15

20

25

30

35

x1D, An2D and X" represent hydrogen, Cl-C10-alkyl,
C6- C15- aryl, alkylaryl, arylal kyl, hal oal kyl or

wioed00z08ph81havi ng i n each case 1 to 10 C at ons i FCT/BE2007/000096

al kyl radical and 6 to 20 C batans in the aryl radical

or fluorine, chlorine, brom neoriodine,in
particul arhal oaryls, preferably pentafl|uorophenyl. 10

R MR bRl ok~ bt~ 62+ dnb-trtmethylpbahylaoide Jatdyl) -6-

eI tpn@mwomae/cﬁng@,en%&m%) Rt QIR NESn e SHGH

$ %%f trlalk%%bfi ni tria oranehor i’
T RIS B¢ oxi St ab @rPﬂHB paVLimdng) efdyl]-6
agt+ vzﬁ@msoraesameshmphhnqaﬁmnat) ele@qal) ;iwndmel ron

f ted l t
SO GH 82 o 1 - [ Bk SR er BEfy Somansl eeowbiig- 11-
DQ+brmmbmm;GhdkﬁéthylbhenQIX&Enaneth@&ﬂ@y&ﬂdlﬁéﬁron

AR SEL i PR R RO P bt Bhte th Y EpRBRY Y B ARy 13 6-

phbﬂylﬁmmmmmeét6rd@menhaﬂphengﬁhmnmbmbmmqmapyrldlnelron

b )
(SR L8, 3L R BRI RO) 0y - 0
t 4 -fbm@pﬁerngtwbphﬁeyémlpan etoyldplyy ighiefesrrad. 25

T |

St el Ena L Rob e e By EORE AV A B8 ey 11 -6-
r Eela'ct2zmrtefmaﬁumhmhlshew#eﬁua@rméﬂwdé pofr ittHeang ool a

(a&damfmé«gtaae, a;% <phot s, er@ﬁpéasfbygipntsﬁyﬁ.&lnﬁ) ethyl)-
eriyvatlv ne daderiv lves

h’%@ﬁ ﬁgqéﬁom%n 155 #BF’F?YGHE‘%‘QSPFM R RN s
adick phenod s bslﬂgeoparnnouuamcdlbmomaﬁbscwﬁﬂtriﬁmﬂm&ééb
of particularly suitable conpounds are

pent af | uor ophenol , 1, 1- bi s- (pent af | uor ophenyl ) net hano
With the processes according to the invention, in

particular, anilines having electron~-withdrawing
substituents can also be converted into the
corresponding monoimine compounds in good yields.
Furthermore, the working up of the monoimine compounds
obtained is considerably simpler, and filtering off of
the precipitate formed, which usually comprises
exclusively the monoimine compound, is often
sufficient.

The monoimine compounds Ia are thermodynamically very
stable and can be reacted with further aniline to give
the unsymmetric bisimine compounds IV. If monoimine
compounds which are not substituted by electron-
withdrawing radicals in the ortho position are used as
starting substances, a further reaction with further
aniline usually leads to mixtures of various symmetric
and unsymmetric bisimine compounds.

The unsymmetric iron complexes V show very high
polymerization activities. They furthermore show narrow
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35 or
4- hydroxy-2,2',3,3 ,4',5,5",6, 6" -nonaf | uor obi phenyl .

Wm%ﬁ({sgf t he comnbi nati on of corrpounds of th‘i’ctl‘%ﬂw'fﬂmm%

Broenstedt acids are, in particular,
tri met hyl al um num pent af | uotr %henol, WO
2007/ 080081PCT/ EP2007/ 000096 - 29 -

trmdxratrhyinalsgmaygulguﬁaeﬁgt aéwogrmfb%gﬁ%{m%g ts in a

trimethylal ym nu hydr oxy- 2, 2
ndiiguSHshHeh a"‘i"?‘?@fﬁyf%{? URE MYIng PRt af | uorophenol
ortriisobutylal um num pent af | uorophenol or 5

trj.ethyl al um niun 4, 41- roxy-2,2' 31,5,51, 6, 61-
o IR T ORRRTKE Ry & RO b hek R ApaRE £on an be
alusmdwubyandhemsemvfeenponndﬂmf tflu&tfh@[)rrml:@mwdde)ntd?a%s a
Qr i.n_bor.on aci ds an
g]g'lra% a(ig%l s‘e’lifcﬁr)oefrrﬁ'l ki § ggieﬁd np@lofllyﬂl‘?ﬁlrﬁ%ho%r yq:atalyst
r &gisdains, ﬁunhcdaf:frlorpeigmph:eza(:GGES)clﬂcﬁ@-klbﬁmjgdat least
o) in {4 neutral lew s acids
whi (%h g?g sui tgfblee%gsa&l% LG o Y s rl’ﬁ onally an
r €FERINGE pPBdUdtEr ke t l$e1prp@at¢t.| orpbfonaabdyororei dr more
Wigldlt 164Q o QU V@%@EBﬁa?ﬁ any ug}n%@r'é“ﬁéggi Q:roﬁplb%nds of

reaction products from the reaction of
alg&rﬂu@unlr't r £ Pyl L3 R tt\k)@ aﬁﬁWmtgablea@@cu ¢ptionally

f |fl\hQi°clhféa:t edatia yRafst | suliaapier f Fyprigad eoh 24, AROP; zation
npoun ch as t af | uor gphenol or
%&%pl‘fé‘ﬁ‘}/ﬂ)%?‘?’&e & foumgditable ionic

corrpounds havi ng LeW| s acid cations are salt-like
PG e ek Vory "L eb8h e dbstme T P olago only a
merwmbsmanlehteurent adt Yoy, 1ahd l6anf tHen peei ofdi6ught
t3hke Yordle e \HEN Sne ¥P 7904/ QROQGLRSTLERZOAIL Q00088 1
able to display a good polymerization activity. The
catalyst system therefore furthermore optionally
comprises one or more activating compounds, preferably

one or two activating compounds.

The activator or the activators can in each case be
employed in any desired amounts, based on the iron
complex V, and they are preferably employed in an
excess or in stoichiometric amounts. The amount of
activating compound(s) to be used depends on the nature
of the activator. The molar ratio of iron complex V to
activating compound is conventionally in the range of
from 1:0.1 to 1:10,000, preferably from 1:1 to 1:2000.

Suitable activators are e.g. compounds of the type of
an aluminoxane, a strong neutral Lewis acid, an ionic
compound having a Lewis acid cation or an ionic

compound having a Brodnsted acid as a cation.

The compounds described in WO 00/310%0, for example,
can be employed as aluminoxanes. Open-chain or cyclic

——
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wioadooesoosiCl - CHal koxy,

- 30 - the alkyl radical, C3-Crcycloal kyl, which can if
appropriate be substituted by Cl-CH al kyl groups,

C5- Cl15-aryl oxy or silyl BCT/EP2007/000096
Smercaptyl groups, arepresentg integers from1l to 6 and
represents integers fromO to 5 and 10 corresponds to

the difference a - z, but wherein d is greater than or
edfdminexane Caadeptumis atdfonsheoxganama katficomsi laed  (X) or

su*fpnégg1 grggkhqgngSéwqe § cationic transition
net al conp exes are particularly suitable. The

tripheny hyI cation, the silver cation and the
1,1 -dinet oesen RS on are tgybe nmentioned in
parti CLﬂza preferably have non:coordi nating

counterrons, |n 20 pgdot i cul ar boron conpounds such as
are also nentioned in WO 91/09882, preferably
t et raki s( pent afl uorophenyl )borate. Salts with

non- coor di na{T ng ani ons Cjn al so be pxppared 25 by

bringing toggt er a boron or al um num conpound, e.g. an

al um num al kyT, second conpound which can |ink

two or nore boron or aI um num atonms by reaction, e.g.
water, and a third cethound which forns an ionizing

ionic compound with the boron conmpound or 30 al um num
conpound, g gb tri phenyl chl oronet hane, or optionally a
yErein eRor FylaﬁE@ﬁ@a!mn@lm tPége‘PID%orﬁlafphhﬁg bderote a

such as for @ﬁﬁﬂp|qk n H8p, an ﬂéﬂgbl rlgaUﬁ@%h 1,
or a nitrogen e Foc%ylag} l!%?ou o Y

qgound whi ch
| i kewi se reac®sh Héyl:]ror(ﬂ’F c 5 §ECHPumi e I

conpound, e. grepeehaﬁtaor aphenghcegaf adgiémonal | ytbe 40,
added. WO 2007/ SOOﬁi Cél gP 2 7/ 000096 - 31 - lonic
conpounds havPhg BFBRsY € 68 -as cations preferably

I i kewi se have non-coordi nati ng counterions. Protonated

erivativesare :
par?ﬁ%fg%gﬁgéb?ﬁegBrCng%ed adid. 5§ grregfgk i ons %%table
Alumi Neganet AgmeAndni um

N, N- di net hyl cycl ohexyl ammoni um and
N, N- di net hyl benzyl ammoni um as wel | as deriyvatives of

tHRE t WP HREA T DN | aset CHifithds HaFRE HrfF onidcl WhimpKane
hedpOENEs Ylis Edfiledtionally carried out by controlled

reaction of a solution of trialkylaluminum, in
particular trimethylaluminum, with water. As a rule,
the oligomeric aluminoxane compounds obtained in this
reaction are in the form of mixtures of both linear and
cyclic chain molecules of different length, so that I
is to be regarded as a mean value. The aluminoxane
compounds can also be in the form of a mixture with
other metal-alkyls, conventionally with aluminum-
alkyls. Aluminoxane formulations which are suitable as
activators are commercially obtainable.

Instead of the aluminoxane compounds of the general
formulae (X) or (XI), modified aluminoxanes in which
the hydrocarbon radicals are in some cases replaced by
hydrogen atoms or alkoxy, aryloxy, siloxy or amide
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10 are described in WO 9736937, are also suitable as
activators, in particular dinethylanilinium

§ enes or trityl boratabenzenes Preferr on
@@8@{@?@5@ conpri se borates which carry 15 at széftl’z?wm%
perfluorinated aryl radicals.2Particularly preferred
conpounds are N, N-dinethylanilinium

tertaeg,@aa(soergaar{'u Fsemb}émaigo apd espeei ALY a5 the

i met hyl cycl ohexyl anmoni
t étcrt&R’aé:ﬂ}’ent af | uor ophenyl! ) bor at e,
N, N- di met hyl benzyl ammnl um tetraki s(pentafl uorophenyl) -

2Q borate or trityl tetrakispentafluorophenylborate. It
i & LalR3S pBsevisde %Yai%ggpuﬁmt@ besat &heni brent cdmplex V

bemded e t &) emenarahber dndist N, di [ GERiP)
C6F4- B(C6F5) 212-, or tﬁgnggﬁate anlonﬁggﬁeﬁe%bon t the

a 238™ d&étvhc’c h BE MR b 2 YRATIM o oyr oklpe onam@moxane

s epmpounsly,f acinchudihgr stiumaBlR-atkiyiat ofsi@r e tbst89ned
Q0/ 31090. he anmount of neutral Lew s

T ron .
acP§981Pdn|8ngonggﬁnd§ RBvi §°Eem§§ ?HOEatFBWQ l1gx VvV is
i eonyeadipowidy hawvi nghBr onsthgel agt dsfxa:sn cat:ilonsoi S2000:1,

PRELILA P i TP PO BHEELL. ABHOLR ekl faOin the

Gi-val ént artica

eG‘@F‘@@I &t sfrcma%br lortt354Q(hell ron corrpl ex V. WD

2007/ 080081PCT/ EP2007/ 000096 - 32 - Correspondi ng

bor on- al um num conpounds are di scl osed, for exanple, in
SHIGELEL CWAS1 ¥ eSubtaREE RRE1HPSPEFemeMte So-called

ahyld\t%&lyﬁg.tﬁﬂm 5 CathedeSO Eﬁneﬂpbeyedpré’bsﬁceaf ed for
m_xt ur al um nox n particul ar

St ATR AR H,ATE CHAR &5 AT Sopbend. 2 FoHakenty of
onetwhldprﬂimwabbﬁ Oh@ to 1.2 equivalents of water per
t %‘qﬁ@@aﬁ@?ﬁm o vﬁ s%nclz %&ﬁ%ké?gflgéﬁqufgumlan%% o<:rorr?pour1d in

rongneutrm
tpﬁ$¢p@mﬂam utndpsepd Ydlerlaneirom,a kor oXicw. temperatures,

Prehetdltibna y "9 GOMBk 8X d%%’é%ﬁ%b&@SS and their use

in olefin polymerization are described, for example, in
WO (00/24787. The atomic ratio between aluminum from the
hydroxyaluminoxane compound and the iron from the iron
complex V is conventionally in the range of from 1:1 to
100:1, preferably from 10:1 to 50:1, and in particular
in the range of from 20:1 to 40:1.

Preferred strong, neutral Lewis acids are compounds of
the general formula (XII)

ManIszDX3D (XII )
in which
M2P denotes an element of group 13 of the

periodic table of the -elements, in
particular B, Al or Ga, preferably B,
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activator(s) are enployed in a solvent, aromatic
hydr ocar bons having 6 to 20 C atons, in particular 15

woytoenessosit ol uene, pent ane, hexane, heptane or PE¥ERI00F000096

of these, being preferred. _Thgre is furthernore the
possibility of enploying an activator which can
siﬂyltageously[pe used as the 20 support. Such systens
aK€, 0Bt ai ard, XToreprameind, hydmpgani ndgdhigcadkiydle Cs—Cis-

treated with zirgq iwﬂéﬂﬁgﬁ , a ue
chlorination, e. .QVAth car &ﬁﬁ%bt$g¥§?g§§gé.W%%falkyl °or
preparation of sBéRcy¥lemavingedarignch feseexanppel0 C

in WO 01/41920. 2%oi3s REY tdHa!l A xy1 hea§ 28R NAWOE & 20 ¢
the preferred enbodi nents of the Jactivators with the

preferred embodi RERFS ofn t hRej pg lc oAt bk@k, voir fluorine,

preferred. 30 AncahwFinexane bsoRigéer aljy enpbayed,as in
the activator for the iron conplexes V. The conbination

I
of salt-like conP8&hdSURL he ctIbA2BY1Bhe gendEgferably
formula (XI11), pengaflivedophelyy.di methylanilinium
tetrakis-
(pent af | uor ophenyl ) borat e, N, N-di et hyl cycl ohexyl - 35
aFuohhent eexakp5¢ pertfaf [skorcomghenykehharedt eLbiwlls acids are

d%gg%bghggnixlagn%%v% aki s(pent af | uor ophenyl) -

borate or trityl tetraki'spentafl uorophenyl borate, as
the activator for the iron conplex V, in particular in

VL2 QZéOSQHélﬂgééE’%QQz{ 008930 -3$3 £ 'ﬁ%ﬂ;ﬁ}w&&me,
an al um noxanel sf urt her nore preferre. O that tne 1ron
cbRpREXLRCERRChe CEnpFEFBG Ly lbggoxine, are suitable in
particular as activators. Boranes which carry at least
two perfluorinated aryl radicals are particularly
preferably employed. Compounds of the general formula
(XII} in which X', X?® and X% are identical, for
example triphenylborane, tris(4-fluorophenyl)borane,
tris(3,5~difluorophenyl)borane, tris(4-fluoromethyl-
phenyl)borane, tris(pentafluorophenyl)borane,
tris(tolyl)borane, tris(3,5-dimethylphenyl)borane,
tris(3,5~-difluocrophenyl)borane or tris(3,4,5-
trifluorophenyl)borane, are particularly preferred.
Tris{pentafluorophenyl}borane is preferably used.

Suitable activators are preferably prepared from the
reaction of aluminum or boron compounds of the formula
(XII) with water, alcohols, phenol derivatives,
thiophenol derivatives or aniline derivatives, the
halogenated, and especially the perfluorinated alcohols
and phenols being of importance in particular. Examples
of particularly suitable compounds are
pentafluorophenol, 1,1-bis-(pentafluorophenyl)methanol
or 4-hydroxy-2,2’,3,3',4',5,5',6,6'-nonafluorobiphenyl.
Examples of the combination of compounds of the formula
{(XII) with Broenstedt acids are, in particular,
trimethylaluminum/pentafluorophenoi,
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5 polynerization process in the gas phase or in
suspension, it is often of advantage for the conpl exes

oyed in the formof a solid, i.e. I
%'ng(g’{) ﬁﬂélé to a solid support, The supported cgﬁﬁ@é@%‘m%
furthernore have a high pro‘dlﬁ:?lwty The iron 10
conpl exes V can therefore optionally al so be

wm@éamcémnﬁ{ur@/ww( nw?méfbﬁh§H§E?Fu§5tm‘i’lo‘ised
het%? rlzatr%;)r in. t supgorte

r2:§ Té%%[%ﬂﬂ 'é‘é\%’f%’l‘yd%p Si8s3Cah’ be:aVoibdéd -

amebrialfa yeadopnigsheroy phol ngylectaﬂ/ltﬁ.mm&ni)}ﬂ&%a§l'9395?henol

13 materi al era are silica ge
w2ines: um chr b paBe EkEalbRaRia piat St usarhancl or
w&treleltdtﬂydalainwanAtaT]@Jlshydiw@&pfm zr;gls3ang , B Qa&Nigo -

p ene, pol ypropyl ene
p%lcg/esty}?lgr%%g&ﬁnﬂa uoér/oeet hyl eneOr pol yners 20
functionalized with polar groups, such as, for exanpl e,

CaRol 1R, fo, 1 a a craolein or v

ag@t at e. e r” S@ltﬁpfe lef/@ él\rénﬁlccg)S rggrrﬁ’él a° “I‘pe%lérfg%n%f the
i EeFTEdRp| (&I 5 \JR av.-SI éasPHogeocapt, i watadr s Hbrleasmple,
0n% SHEPOA! £OIRENINa! HA | Guligll Y BRELRI ¢ ids, haging

Preferably, for the preparation o t’he catal ys
abESLAIRGiING et Bdwant FadicaRS /i r BRCBonpBex f/oandmsample,
3qckhg ,B0H|, v @ledn et 2t N f $a SHRRLT 4 DY _

physi sorption or also by a chemcal reaction, which

means coval ent bondi ng of the conponents with reactive
gStuwpsgof et reippdbéwssir f aceds 35whichr i RGP esuﬁfﬁlble as
d ue [ ssiple for bringin ther the
saosoateidodzs: | SRS T HER® ERArEAoR RtopiaEs Eron” tne
aé’ﬁﬁ@&tl@n Aft e bheonnchmcﬂuah.tprotaessesnapsalém of an

v n c
YR BuE AR B0 T R0008 s CoagEiolameqaers from che
sHFPREBLEN; rek t agol @Je'#msnurgubnlabkglg WJatIh pharbl ceapuuvalents

ab@MBiH C ABAY 0FALRLAH: i EQn
act gat or can be fi xegt%ndggen%ﬁ{]ﬂ :}ge anot?]rmated
e SGrP8lic cESEPRENF ror SHGHY| @énem%flwphwlsup@brtbls-

cadppanatil uveabphe iy lok@rid Hdoigcontact first with the
activator or activators or also first with the iron

conplex V. Preactivation of the iron conplex V with one
ofufbable0 iam:ic/ad:ompobnﬁsr batvimlgollgdwm xa0gdwiddt itdis are

L al I € f e l e i ment
Egﬁler%ﬁlkgo cl%%fqgﬁﬁda% a so egprggt;?gg thgcq'lber estgral
oﬁOFﬁéléuﬁﬁéﬂtI)rmt erial. A further type of

i mobi lization is also prepolynerization of the

catal yst system or 15 without prior application to
a support. Thé{(m%”@z%tl o@zﬂg as a rul e car®l&d)out

in an inert solvent, which can be filtered off or

evapor at d after the imobilization. After the

i Ali V'4G81 process steps, 20 the solid catal yst system
can be washed with suitable inert solvents, such as

ey aliphatic ofy I‘QEFI h baons, drie
wever, it is al sg1 pOSSi %I e%?g&‘égﬁé the g?l ﬂp ITJIDI g?, 16 of
support ed cat al yé;ﬁlesygneemodlc table of the elements,

Q1 to Q, répresent singly negatively charged
radicals, such as C3-Czg—alkyl, Cg-Cys-
aryl, alkylaryl, arylalkyl, halocalkyl or
haloaryl having in each case 6 to 20 C
atoms in the aryl and 1 to 28 C atoms in
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25 In a preferred formof the preparation of the
supported catal yst system at |east one iron conplex V

WODL045/08008t i nt o contact with at | east one act iIRCIVER206/(§0096

the m xture is then m xed w gh the dehydrated or
inertized support material. Preferably, the resulting
supported 30 catal yst gysten1is dried, in order to

ensure that all BRenpllfliheasdicgdnt i S3temwoveeloaddkyl,

the pores of thewhRupROdan™® £r bpbrope a¥¥PPYEt @dbstituted
catalyst is preferaQ%x btatgef as a free-fl ow ng
h Yridr

powder . Exanpl esP¥f 1P MR i 2 N3RPT ¢ Fa~Cas-
above process arelBbxgescrCheChs-arWoRy/ 00243, WR1yl or
98/ 40419 or WO gg/gg%ﬁé 1A Eurther preferred enbodi nent
is first to pro it Yac9|93P8r on the support

conponent or to apply it to WD 2007/080081PC

H EP2007/ 000096 sedfeschies 2fe3uBseassatl Y (o i M9 ang

this supported conpound into contac hé iron
conplex V. Finely divided supports, which can be any

desired 5 OrganiEeﬁEeEEH%Qan'&ﬁtEQEE?' 8P’ &f enabl ¥ ang

enpl oyed as the support componen n particul ar, the
support conponent can be a porous support, such as

talc, a lamnar gbkir€3pBndsUEl aHMNIMMUFdALDI h€-0%, put
m ca, an inorganic oxide or, a finely divided polyner

y
powder 10 (e.g. PREFBLBf Ani& 9FEAHFH HhaletPBngAP2dgto 1.

wi th pol ar groups).

Carbonium cations, oxonium cations and sulfonium
cations as well as cationic transition metal complexes
are particularly suitable. The triphenylmethyl cation,
the silver cation and the 1,1'-dimethylferrocenyl
cation are to be mentioned in particular. They
preferably  have non-coordinating counterions, in
particular boron compounds such as are also mentioned
in WO 91/09882, preferably tetrakis (pentafluoro-
phenyl)borate.

Salts with non-coordinating anions can also be prepared
by bringing together a boron or aluminum compound, e.g.
an aluminum-alkyl, with a second compound which can
link two or more boron or aluminum atoms by reaction,
e.g. water, and a third compound which forms an
ionizing ionic compound with the boron compound or
aluminum compound, e.qg. triphenylchloromethane, or
optionally a Dbase, preferably an organic nitrogen-
containing base, such as, for example, an amine, an
aniline derivative or a nitrogen heterocyclyl. A fourth
compound, which likewise reacts with the boron compound
or aluminum compound, e.g. pentafluorophenol, <can
additionally be added.




The support materials used preferably have a specific
surface area in the range of from 10 to 1000 n2/g, a 15

WAhR7X8dosy™® i n the range of fromO0.1 to 5 M/ dp@fiEpRB7/000096

average particle size of from.1 to 500 pm Supports
having a specific surface ar in the range of from50
to 700 n2/g, a pore volune in the range between 0.4 and

3;[5mm¢g arshpourysr apavhpagt | (Bﬁarﬁdtzeﬁil n.eut:hﬁsra%e otagfons
t 350 £g1are pr.ef erred 88 rts, havi

s e Ry (L RRE R o P PurRBER bR AR B0 r R B8BLons
nPrgtonatede awinee am ahelnaageiebatwmﬂméls Satre 3pPeferred

TS AR AB NP A0° O BGLRSTLEE £13d1 OB P ML on

peater abl y Wdiamethyhanaﬂmumumsuch t hat, Nimimethylcyclo-

f
{ PRSGLoried add 00 UL QTHELRYLbORA0SIRNGH L B e1), 2
té!eroo'ammes axfdtmfrtﬁmlreﬁmyl@@ecprlea%tabl y 10 to 70

~ pnol per g of finished catalyst system The |norgan|c
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su port can be subjected to a heat treatnent, e.g

uRdisor PRVL DAL AN1Tich RoEPHI Me BT acval vbat speds as

aa&‘é' edeskili®@douti nat wbenpengbynes hhet hsléangguﬂtafﬂem as
50 tqQ 1000C, preferably from 100 to 600C at . 100

3308 Y Srer abl yiBei ng PAFEAEHL8Et in R} linium
umwﬁaumbenzyﬁesyﬁrkﬂfﬂﬁ&ﬂ Kergtabdrenes
2007/ 080081PCT/ EP2007/ 000096 - 36 - nitrogen), or the
I norgani ¢ support can be cal cined at tenperatures of
fﬁmﬂﬂﬂﬂlad)iﬂﬂKﬁ)aﬂthdEOrBocempabbbsboﬁdtes which carry

I
B SR o o REELBEILRNCHIE Yl 16200511y
s hFsder resh %@m%@imwﬁe@ dradineshiyy aniitl igwiuny tetrakis-
pq%%ntﬂa%ltdbﬁﬁi'léﬁ@ﬂ%ﬁ/ﬂ%é °”§hddE$P%&1%QQ§}SN NY§ ' m@Bhy1-

nmet al_- al kyl s, ‘prefierably al um num a | of osi anes

orcygl@mxyfhﬁmmrswmret h;ﬂe&%ﬁa(rp@nt@ofrlr%mmwl) borate,
ING A e RS mmdsz;amreﬂmﬁi@ﬁmmb%tﬁa%sl@@w@i@orbgh%}m—

28!31%9305TQr1t§¥ raﬁ?@%ﬁﬁéa 6g¥$p en Ebgkgge.

It is also possible for two or more borate anions to be
bonded with one another, as in the dianion [(CsFs);B-
CeF4-B(CsF5)21%, or the borate anion can be bonded via a
bridge with a suitable functional group on the support
surface.

Further suitable activators are listed in WO 00/31090.

The amount of strong, neutral Lewis acids, ionic
compounds having Lewis acid cations or ionic compounds
having Brénsted acids as cations is preferably 0.1 to
20 equivalents, preferably 1 to 10 equivalents, and
particularly preferably 1 to 2 equivalents, based on
the iron complex V.

Suitable activators are also boron-aluminum compounds,
such as di [bis {pentafluorophenylboroxy) Imethylalane.
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chem cally. For exanple, treatnent of silica gel with
NHASI F6 orot herfluorinating agentsleads to 15

wbhl 2407/089¢1i on of the silica gel surface, or traamERPI00096

silica gels with silanes whigh conpirse nitrogen-,
fluorine- or sulfur-containing groups leads to
correspondingly nodified silica gel surfaces. 20 :
Glganespsngdpogt barenralsmisunh conpowmedy diwve detisclosed,

o) ¥°‘%§£ﬁ1§1?°"‘qﬁr sl 89Fogaqlgyet hyl ene, pol ypropyl ene or

pol'ystyrehe) "can al'so be used and shoul d preferably
| i ket se be freed from adhering noisture, solvent

RSk 0Yess 0b rothar FHPULbhSTEfe Y SRP gr:it%%t%%g compounds

purification and dryrng operati ons ore use

afa® pddsPbhl & eemﬂlegxyerqmctrm@mze@ pBiyFres comprise

sarp@ﬁméxaﬁeg baseg a@tMDé&tyﬁSHE%(lQQb}ﬁhMaﬂée and an
po r opyl ene of pol ybutylen functi ona
%g ¢+ f &P ﬂ?%mWHJQWdF8%9F1§GS the

gt@umklaupéﬁastflmeo@fhetnr}q)Cb@traltrest CORDONENt Saga e a
figed Pol yner nds n al so be ed. Suyitable

hiof 33%i ¢ o?ﬁ&&§a s t hdSlibhort ¥ bnenthre t PafFicular
f onbsl (pengadliperdph@&nyd,) borah® okda Homoxtids, of 35 the
periodic table of the el enents. Exanples of oxides
which are preferred as the support include silicon
dPDRfdeabhyuninuheoxiﬂeoand eom@beoxi dés oindhe also  the

e '@52%53?%‘3’6%%%3" 1503 TSGR, O anfitacic
a%Y@6@¢e§B@ﬁéln§aﬁkP9e &ur 9. erﬁﬁomﬁorgahl@ﬂrthUlar

Oy U88e s Whit® ek Dep &b A¥ Ed hBY ahBE MBRAYESNOT ot mixtures
copbi nation with the preferred oxidic supports

neht FRRE8- | BetP9apsedefrefyo, cao ALPO4, Zr02, 5 Ti 02,
B2G3 or m xtures thereof. Further preferred i norgani c

S ort .mater.i be are in ani c hal.i.d

o’fﬁg’é?bdr?at Sgr% SEROXE £ poss:.%lllety o empygylni; an
activator which can simultaneously be used as the
support. Such systems are obtained, for example, from
an inorganic oxide treated with zirconium alkoxide, and
subsequent chlorination, e.g. with carbon
tetrachloride. The preparation of such systems 1is
described, for example, in WO 01/41920.

In particular, the combinations of the preferred
embodiments of the activators with the preferred
embodiments of the iron complexes V are preferred.

An aluminoxane is preferably employed as the activator
for the iron complexes V., The combination of salt-like
compounds of the cation of the general formula (XIII},
in particular N,N-dimethylanilinium tetrakis-
(pentafluorophenyl)borate, N,N-dimethylcyclohexyl-
“ammonium tetrakis (pentafluorophenyl)borate, N,N-
dimethylbenzylammonium tetrakis (pentafluorophenyl) -
borate or trityl tetrakispentafluorophenylborate, as
the activator for the iron complex V, in particular in
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e.g. Na2C03, K2CO3, CaCO3 or MyCO3, sul fates, such as
10 Na2SO™4, Al 2(SM4)3 or BaSO4, and nitrates, such as

‘g?g?“é’@@§, M(NGB) 2 or Al (NGB)S. Silica gels gigppipmm00006

used as solid support materials for
catal ysts for the ol efin potyd&rization, 15 since
particles which are suitable in size and structure as a-

SUpRRbind @lohNe QL ehin Qﬁ! YIB{ b 8hbRnEan EEg Pfgl%%!’t%%rmore
fromthis paterial. In this context, spray-dried Silica
gRCLGFTRY- are spherical aggl onerate of smaller

granul ar particles, the so- 20 called primry

patticles, have proved to pe particularly appropriate.

T °sictlrﬁa§,"a 5395 g’éﬂnbe‘:?ﬂ‘? arYd/ 6@NcaPei fitPheyed in the

bef@kgméhzatiice. prdeelad al ght escddd QRlsCi NBHase or  in

hydrot al ci tes age.likgﬁgse 2? Ereferre gﬂggorts. I n

m DETRF IO A Akt dfal O HRr&F RIVRRGORe Teab e olrmpd exes

dl\/gtﬁd\_ | 12¢ Gk b&EBd 4nH2(B:e3(I_0tr|ﬁEcSirwcﬁdﬂﬁipfiY\?i.ghoESthem to
v at_ o cit . 1s calle

h)?gdér o?gﬁ:i{?g‘ tt%r Jei %%%?ﬁ@’?’%% SYRRRFERd complexes

stfurthgenowe h theveretal ibbghi n ppridihetlialtyoi dsSThe  iron

b AEST | ayers de ked L.jons,

oﬁr_lsy ev.e%‘%/\gseg%nd <I:"ga)\{l/er ‘g?@t‘%ﬁggé oc?gﬁgégéﬁl%i d%lso be

belipPickiAR@don| Anhpagendicciare i nangamegnesppartoasd used

arsh I QAC b IPhet LEOLER | P, €& 3 gl WG 10S &

| ayer ack%%g acquires a positive charge. IS 1S )

co%%%“f‘ﬁta'te y ERaMBARonst 93 ite d@posits can be avoided

20dhvd 08RE8 RIYd P 0RSLPBGABGY- cHh -be controlled. Support

i nt er nedi .at el ay.er.st oget herwi_.t h er of
materials ~wirich Q%e preferggiy used are silica gel,

magnesium chloride, aluminum oxide, mesoporous
materials, aluminosilicates, hydrotalcites and organic
polymers, such as polyethylene, pelypropylene,
polystyrene, polytetrafluoroethylene or polymers
functionalized with polar groups, such as, for example,
copolymers of ethene and acrylate, acrolein or vinyl
acetate.

A catalyst system comprising at least one iron complex
V, at least one activator and at least one support
component is particularly preferred.

Preferably, for the preparation of the catalyst systems
according to the invention, the iron complex V and/or
the activator are fixed on the support by physisorption
or also by a chemical reaction, which means covalent
bonding of the components with reactive groups of the
support surface.

In principle, any desired sequence is possible for
bringing together the support component, the iron
complex V and the activator. After the individual

process steps, the various intermediate stages can be
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crystallization. Corresponding |ayered structures are
found not only in 5 magnesi um al um num hydr oxi des, but

WeR0ees0081 i n m xed nmetal hydroxides built up iRCT/ER007/000096

formof layers, of the generglg Ltormula M (Il ) 2x2+M (

[ ) 23+ ( OH) 4x+4 A2/nn- Z H20 10 in which MII)

is a divalent netal, such as My, Zn, Cu, N, Co, M1, Ca
HRPRRd Fewibid RELERPLRs dnerityvasedvemdtsal , sHigh azs Ale-g-

FelLigiat M8, okaarcmadnd/ @g,a@roc@wo@;@.esents numbers from
0.5 to 10 in steps of 0.5, A 15 represents an

interstitial anion and n represents the charge of the
| THeer Sitddn alcamplosx Whi ehdcashbe §¢00vatbe 8can be fixed

ti f 1to 4 d [ i nt f 1
CENEEHIER Y cLPRr Prbm 2ne8 MR poBs ol o AT oF
asiromst anecosdgni c Thmisons theuclsuppoz® alcooiiredret can  be
%cgtg?ht al IJ(.Xltoet E%rntsalgg atfisrstar y\liit?ltl heEh%ﬂL%%té:g.’sv q%or or

et her “sul fates,” 1 norgani c anrons,
pactivatars carboabse, Hicstbonidtle, theratmeynchiomplex V.

S . pal 0 NixPNS; +SUC S
bRl P PORUIE (Rl LK OBBREL RN L B ThES o more
Mo iyatofrssdadiare stharanpbngixdng nvksl el support is

hy s OXirflfss iy d § %!%n%ucgoesﬂﬁmeeremoabﬁew,meﬁe iron
| ayers shoul d accordi ngly be understood as
HSRIMRE &F cVt &80 na{ AR bEntREAPFE] hinptbeeRresoRAei @f the

?ﬂiﬁ[ﬁlﬁh?rgonﬁé&:éﬁ@lc.aLni @ﬁ_”l thedf ot phéi toasﬁ CoBe 1RzaRaRd is
rom rotalcites . cal ci_ni |.e..heatin as a,

30 | PoPRRlvEIeT 4RO P, T GRERFES CcoHERfRopith o
hyilrlooyt prbapsapaiiketdsnakllo shedppbire: structure of 35
the crystal construction furthernore al so changes. The

preparati on of the cal cined hydrotal cites enpl oyed
dtiveyr bmgb i bighs iiomvast iagn d stebmveart bedl bytcdnrr iasd inert

041 Ahnt EMRBA ARG 20OVE118QCed Y BP0l 9bo? aR¥d UWeter

the immobilization. After the individual process steps,
the solid catalyst system can be washed with suitable
inert solvents, such as e.g. aliphatic or aromatic
hydrocarbons, and dried. However, it is also possible
to use the still moist, supported catalyst system.

In a preferred form of the preparation of the supported
catalyst system, at least one iron complex V is brought
into contact with at least one activator and the
mixture is then mixed with the dehydrated or inertized
support material. Preferably, the resulting supported
catalyst system is dried, in order to ensure that all
or most of the solvent is removed from the pores of the
support material. The supported catalyst is preferably
obtained as a free-flowing powder. Examples of the
industrial realization of the above process are
described in WO 96/00243, WO 98/40419 or WO 00/05277. A
further preferred embodiment is first to produce the
activator on the support component or to apply it to
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WO 2007/ 080081PCT/ EP2007/ 000096 - 39 - of tinme of from
3 to 24 hours at tenperatures of from 250C to 1000C and

wo 26113[)?60%' ar from400C to 700C is preferred. blrh$2007/000006
possi ble to sinmultaneously pass over air or an |ner?

gas or to apply a vacuum 5 G Heat | ng, the natural or
synthetic hydrotalcites initially release water, i.e.

dreyiing atr&keguslsaqaenmyf Wd h@hr’i‘@alhﬂg stJbapc?fééJ@' compound

cal |n| n%&é’s&b net al roxi des are converted into tﬁlg
Y %%/okfl?“g?%ﬁb eXnd i nterstitial

anions being split off,it also being possible for the

c ed h .dr.o citesstillto i seOHgr.oupsor

iﬁéé’r ;lt it 31 laq:ﬁc% URRRH S ¢ n‘%ﬁat“e"‘”T €| o@BYondesired

i gmigaindre isr alnreagane.cofsdlhud;, dhe spire felrabisi gsh‘hployiéd as

1 wh heated in two ste

fﬁ"rh\s@t1 fc%] &Dﬁgééghﬁl n ggdrya 3’ c;cé‘garfét a?} tthpport

f syomp oimeurt aCaQSObZel e apoxfofdse supporthe sathi nesl talc, a

hwdy, l.Ci oy r t hys d

o%%gggl%gg 2 flgg% %rlva mstall 112')0 Bg rﬁ‘l&ﬂ? an

N(llrllqr)gar\mre‘m%e oFp| ar faﬂBéYofdwidyedt oPWLymEX | powder

as(eagruggolﬁoléﬁlha"&e Bt)l?fn%‘in Oflﬁié@léfgalpﬁéﬁervﬁbéﬂ polar

fromO and in par ular from1l to
COFPHRS ) onal anobunts of inpurities, for exarrpl e of Si,
25 Fe, Na, Ca or Ti, and also chlorides and sulfates,

furthernpre Isa pres rred, cal ci ned
o heorstRrP L BAdShbade bUFREe Fur CARABI M heye G Speci fic
naagmfsalqem anela Minl 19he s rainged nufn £36mCAry espond) 0@ m?/g, a
[ r t,ai hable fr
Lé‘:}neaq@mm e %%‘ogh n)éz\?v é( ?ﬁcﬁg%ﬁe%b ﬁ% Pg rand an
t fyenagege pantipleal vkzay OfCafEtDIned. hydr G0 cum'rem Bupports
V‘maqmn@eséré‘ﬁéé'ff‘% 3§u‘i"f'3\é%r 1 | £n VERE UG g 'of from 50

conpl etely conc are furt erm)re preferr
cd1%i Mgt /g e a eP%%%vE‘P%W@ﬁ &n the sengs lheetwwm Bed and

det ectredig f 9hdesM A eerd @rrgérfc@m@ S1ACt o4 e rdfye of
2007/088081PCI%5?2007100

pm are preferred. Supports having a

specific surface area in the range of from 200 to

550 m®/g, a pore volume in the range between 0.5 to 3.0

ml/g and an average particle size of from 10 to 150 um

are particularly preferred.

The iron complex V is preferably applied in an amount
such that the concentration of iron from the iron
complex V in the finished catalyst system is 1 to 200
pmol, preferably 5 to 100 umol, and particularly
preferably 10 to 70 pmol per g of finished catalyst
system.

The inorganic support can be subjected to a heat
treatment, e.g. to remove adsorbed water. Such a drying
treatment is as a rule carried out at temperatures in
the range of from 50 to 1000°C, preferably from 100 to
600°C, drying at 100 to 200°C preferably being carried
out in wvacuo and/or under an inert gas blanket (e.g.
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The hydrotalcites, calcined hydrotalcites or silica
gel s enployed are as a rule enployed as finely divided
powder s havi ng an average particle dianeter D50 of

fr
WO 240%4§08830 pm preferably from 10 to 150 pm PCT/EP2007/000096

particularly preferably frem3k5-to 100 pm and in
particul ar fron120 to 70 pm and conventionally have
vol u from0 preferably fr.om

DRLErdSTrarY Ui LBaterRitoshimot, sn “hR chdiridipa at
t verP@®Dah@rgs 1@ fpr ef eormbl 200r oS50 IGI)(B'QD nkhg, cydkd N to

Past LSyl & f&gm ;p og;&ﬁaqg? n%ge 40s1 L8 SRy &Fthe% the

iron conple plTéd A an ann
t et idheanddoant rteita ordszﬁlxm |®Hm €oopenhigatieom on the

cwptsesev rRet R& ggid}ftsf@%ceé\iééyﬁé 5)555%%' %rfe Jl%all% it

pnmol, 15 preferabl to 80 pnol artic
pb%ﬂé@amcgﬁsgbk% 67@ pRBP Lo rgowemthpgﬁéd @ayangstagents.

syséRM e Gaital 118y s oM GAl fal b 1di taJlQi?t?ldMn-alkyls,

co rise as a further conponent one Or nore
RtA8slanresr opF 2054C12, or g ofalse p@ﬁﬁﬂﬂkﬁk%ﬂﬁ%ﬁ“e

|( mpﬁéﬁpfﬁlﬁg nettaieact@ﬁmmén?%god%? X%ﬁagg desfc\%rhlméﬁﬂ, for
r N | C
Négéwgf%s th, WﬂagoK§%§? My, Ca, Sr, Ba, boron,

al um num galllun1 i ndi um thaIIiun1or zi nc, in

, b Iun1nu 300r
eng-ll %jd?oge o?’-b%-“ti reﬁakl %}3 ary'la modified
ad:lkqmacqllw dto aekgmphavi rtg:eatrwdh oasesnlioaltgeCt with
n t al kyl di cal ; ons he
OBt oS ™ SbhsGo7) CaosRIeet 00 ARSbobe LeAtt - to
@@Ehné§$@ﬂ10¢oth¥(§%&km% gl t merfpRel caditegatarnts of

t@lﬂﬂcé:a%QBE 'ﬂlEhe @&1bn%%d'QﬁhchorcgﬁﬁPB&éMtﬂhtrogen—
Cl- C10- al -Cl15- aryl
fluorlne- sulfur contalnlng groups leads to

correspondlngly modified silica gel surfaces.

Organic support materials, such as finely divided
polyolefin powders (e.g. polyethylene, polypropylene or
polystyrene) can also be used and should preferably
likewise be freed from adhering moisture, solvent
residues or other impurities by appropriate
purification and drying operations before use. It is
also possible to employ functionalized polymer
supports, e.g. based on polystyrene, polyethylene,
polypropylene or polybutylene, via the functional
groups of which, for example ammonium or hydroxyl
groups, at least one of the catalyst components can be
fixed. Polymer blends can also be used.

Suitable inorganic oxides as the support component are
to be found in groups 2, 3, 4, 5, 13, 14, 15 and 16 of
the periodic table of the elements. Examples of oxides
which are preferred as the support include silicon
dioxide, aluminum oxide and mixed oxides of the

elements calcium, aluminum, silicon, magnesium oOr
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r Gdenot esani nt egerfronilto3 and 10 sc and tG denote
integers fromO to 2, wherein the sumrc+sc+ts

\&C(ZEJO(%Q@QFS to the val ency of M5 wherein theargg,b%g%ommwo%

fnpounds of the formula (XX)_ conventionally
identical to the activator.” 1% M xtures of various
nmet al conpounds of the fornmula (XX) can al so be

Rl Pr &£ i et al ﬁ%%fp heo;Qf«{i]gr a]!nixtures.

formul a (nXX) are those_ i n which 20 otes Irthrum
UMNAFFHRGr X LAPAUM HHECRIGCepr edent semployed by

Cltneti¥ealved - 0255 Rarddnbilrait dorPref ek 1 @ﬁe”ﬁ} £fSOPRPUBLSdic

of the formul a '(QYQ are rrethgl [ithium ethyllithi um

nSHRRATGS M 1Rt tyl #8EnedF8nfcht oMPBe, Ca0, AlPOs, 210,

matiingl, MBYOE B Mk &, thereof .

et hyl magnesi unthl ori de, et hyl magnesi unbr om de, 30

but yl magnesi unchl ori de, di met hyl magnesi um

direidtemgngse ferdelut Viimagnasidim Suppb¥t- Nmaterials are
oct OI nagnesi - but
parti

um n | - p- heptyl magnesi um i.n
&t i §3C - SUEDT ARMESam OFi SRriRBRAtes, such as
aleug .nuNpECOi ,sOBEYL al CaiCOymdrr | MgEDy} visaalfda ey 3ch as
trj.e | alym dj. pet | unj | Qri de,
di‘”ﬁ‘é?% Jﬂm‘ﬁﬁﬂh | E‘gf idé\é%&ﬁe?%w@#g}’g%r%ﬁ%%di RPSH & e-9-
meNSsl aMarNRahz sas il fPorsi-de, di et hyl al umi num chl ori de
and trinethylal um num and m xtures thereof. The parti al

Silica gels are preferably used as solid support
materials for catalysts for the olefin polymerization,
since particles which are suitable in size and
structure as a support for the olefin polymerization
can be prepared from this material. In this context,
spray-dried silica gels, which are spherical
agglomerate of smaller granular particles, the so-
called primary particles, have proved to be
particularly appropriate. The silica gels can be dried
and/or calcined here before their use.

Hydrotalcites and calcined hydrotalcites are likewise
preferred supports. In mineralogy, a natural mineral
having the ideal formula

MgeAlz (OH) 16CO3 * 4 H0

the structure of which is derived from that of brucite
Mg(QH)2, is called hydrotalcite. Brucite crystallizes
in a layered structure with the metal ions in
octahedral voids between two layers of densely packed
hydroxyl ions, only every second layexr of the
octahedral voids being occupied. In hydrotalcite, some
magnesium ions are replaced by aluminum ions, as a
result of which the layer package acquires a positive

charge. This 1is compensated by the anions in the
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WO 2007/ 080081PCT/ EP2007/ 000096 - 42. - hydrolysis

products of alum numal kyls with al cohols can al so be
wompbmsees1 | f a nmetal conpound (XX) is enpl oyedeC1/bE2007/000096

catal yst 5 system preferably nprises this in an

amount such that the nolar ratio of M5 from fornula

(XX) toiron fromthe iron conplex Vis from3000:1 to

Ointermpdéfmdgeabl y 1ayems800: togetbe2: 1, wathpartwatkarly of

pEEQEEQSthaEﬁ@nloo 1to 1:1. 10 As a rule, the neta
conpoun the general fornmula (XX) is enployed as a

constituent of a catalyst system for the pol ynerization

OCOEQBQb}éHE"ih #da OEEEhﬁﬁurbB tahaes @@@ﬁ&Xhott hﬁuy in
nmet al conp oun Can be used for exanp

tﬂégBFébHF‘aﬁl&H‘ ™, B¥dzPy¥ifeso| |W%oﬁ;ﬁﬂesﬁah]gl3t hérl mixed

SM@EQM hgadoxidddeshidy i g Of BRer Ebymbefforieydies, of the
neré tion.. In this context, the netal conpounds
Qﬁ¥35§ dteXAU& i dentical or different. It is also

p033|ble especially if the catalyst solid 20 conprises

no activating co ,2+ @+ | yst, systemto

conpri se one or g@qg% ;aégﬁéﬁg ﬁhz&ﬂﬁti #o the H0

catal yst solid, which are |dent|cal to or different

f. 0 ( 0381 ed it al yst
soffi WRZGE YISy SOARLEldnE DRbRRTE shitnt 28 ST 2T cu,

réact g i Mh,t Hea i eovdl /senpFex \anahdMéMiIamaH yat herivalent

aﬁttx?torttﬁm JWPPRLL 19 Ankodesys edigeueBCand Pz cr, x

exa Iron conp | ex V can rought into cont act
V\F?Hrf—'ﬁénfg@ amtm%t%r fépmacmﬁ/at:@r dGnénosters sgfpdr45, A

?Eéb@lésf@ﬂft@r temo[) 1ﬂftb|Q'rstkiQ|J.ré§Ldbélgﬂ§hm taln@t ?n CQ@bé*t"etséMt@‘ the
e ol efi 0 be polyneri,z reactiyation w
OFRAERE Sk | DA oreBmabis Heho; R i PG ot €8 e From 1
otef ign ansh¥etithenadlidi tfirom df the4$ammdnzohheMn 1nteger
tivators_35 and/.or the.s fter thi tur
DR or Bught 161 0 ‘TonEARE MR nd “6Ter P 18" af so Fod&iple
pdesebbéitAajr eagnignsi oranes aerganmbe czarmresi, outsuath as

20  BRO 45803 DRG0 bR EPB0DS 0o0BbaCEaa < STRL ether

aAvlBatepr ep®r rayedbodthen | suléatabystinekganis anions,

PEGRAr €da ! om g 'r;%‘rt‘?i)@@iﬂ‘ V., Avehd V@l or ¥aBbonate,

sup ort, as described above, and this is brought into
rate, chloride, sulfate or B(OH); , or polyoxometal

anions, such as Mo;0;, & or Vmon'ﬂ However, there can

also be a mixture of several such anions.

All mixed metal hydroxides built up in such a manner in
the form of layers should accordingly be understood as
hydrotalcites in the context of the present invention.

The - so-called calcined hydrotalcites can be prepared
from hydrotalcites by calcining, i.e. heating, as a
result of which, inter alia, the desired content of
hydroxyl groups can be established. The structure of
the crystal construction furthermore also changes. The
preparation of the <calcined hydrotalcites employed
according to the invention is conventionally carried
out at temperatures above 1B0°C. Calcining for a period
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5 contact wth the nmetal conpound (XX) during, at the
start of or shortly before the polynerization.

‘lﬁhg{’)&@gﬁ#ibtthe nmetal compound (XX) is first brg:%&:‘%oowooowﬁ

with the a-olefin to be polymsrizg
the catalyst solid of an iron3%onplex V, an activator
10 and a support is then added as described above. In a

f r efeer e i gt p [ i I st
d§£&§%mgn§% g%ﬁ?%c?bggt?%r&Pﬁgfaﬁgcgﬁﬁgﬁﬁ?Q%gssaﬂg from
t Fr®dt t 8 RO G5 Cocamkr & nwikdT tilpu liamnf Eomp 490 °L ahd 190°C
poissi blrk fetricher agti ¥t Qlodsi aQ‘bVesi-'n—\'ﬂ?t%%te%u)V/ﬂty pass
system can optionally conprise tfurther catalysts ich
ardV&id b ¥ fdr HReFFnIpdl 9RekPzaAPPAN. @ vacuum.

Possi bl ecat al yst shereare, i nparticular, 20 conventi onal
Ziegler-Natta catal ysts based on titanium conventiona

PIHT | iR T ysERe baRBWBH c R Bni SR EefbbEndRydrRtalcites
pairrtiitcild lry clredeiaws owades, netel | agenay ak&el gintbe. oOn

p I um bj si m.ne systenms (for_fhe epar.ation thereof
széed%e,&{n%#‘%%gléﬁg' an3"thceoba‘ig(f't‘é‘%i pnggFﬁé‘k}ir’ﬁ'm nghe metal
canpineisidd oratde poepartédonitnber epiesemetal oxides by
71 - e i_eql.er .catal yst compaonents .
(AP Bougl Sl Tl pEeiYe Tt B, FobTr CRYIRY Sspric
RO Chéfi e ads- 30ekna [ Ronppildheni dair Di ¢hieonacylrined
My bt a 1l EOF 1?9@ilhbmfabrkéoﬂﬁkisé' pOH512§rbups or

5129) and/or netal | ocene catal yst ‘conponents ar
pridFeatisdd t et aland e cavghy sescorporem@tear fhe  loss on

p@fddi%!ﬂc?{ | ¥s péegr@'ars%‘}-e Br Thei £i g‘gh?é qat t‘?ﬂl])’e“'t?eight loss

conmponent is ef er a conmpound of a netal of group.

CHIRCITE RpB B, Rk T cheaLet: o i thegs. First

vafitadi 30n einnaebi20@°®rinVl & ¢eydngChabiine® @nd then for 1
enu t he peri ic table of the WD

gg%%ﬁ%égbg%ag%;EH%O%?TB%%%@GOYe24 - elenents. Halides,

oxi des, oxyhal i des, hydroxi des or al koxi des are

pr r : I fi1Z:eQer lyst _gonpo
e EF o trel TR Ha SR eI A 2B Spene are
artdug inkfgdinpxddeachfothge dizi mashitumialent metals M(II)

teifaoh| prife, hakRieyn! IHAGY LLF dBatibAREUM (1) to M(III)
is as a rule in the range of from 0.5 to 10, preferably
from 0.75 to 8, and in particular from 1 to 4.
Conventional amounts of impurities, for example of Si,
Fe, Na, Ca or Ti, and also chlorides and sulfates, can
furthermore also be present.

Preferred calcined hydrotalcites are mixed oxides in
which M{II} is magnesium and M(III) is aluminum.
Corresponding aluminum-magnesium mixed oxides are
obtainable from Condea Chemie GmbH (now Sasol Chemie),
Hamburg under the trade name Puralox Mg.

Calcined hydrotalcites in which the structural
conversion is wvirtually or completely concluded are
furthermore preferred. A calcining, i.e. a conversion
of the structure, can be detected, for example, from X-
ray diffractograms.



10

15

20

25

30

35

trichloride, vanadi untrichl ori de, vanadi um oxychl ori de,
chromumtrichloride or chrom umoxide. In the present

woppdi/asession, netal |l ocene catal yst 10 conponentPCTAER2007/000096

under st ood as neani ng cycl opgpt adi enyl conpl exes whi ch
conpri se one, two or three cyclopentadienyl ligands. In
the present application, cyclopentadienyl ligand is
under st ood as neani ng any system which conprises a

OIS | Ohyd FEFREE Efeki ngc&!é&ﬁﬁhwhpa\fbﬁigl@ﬁe@ ey ONSilica

such as, for exa Ie, i nden | uor en syst ens.

mla‘ﬂ%leeheye%ﬁ &5 of RBt &l §W15’f1°g/re®pa$| flaﬁéwt [§d vided
poider®i Ha gL Ay ahe afre dadidl R e Y1 dhetR rapsoelds & om

%%3%@’5 B SR, AR o G i S0r 9o, PR gl charly

qen‘eb@lta:blpbfmmf 16hecell@enins, (and). ikhpaptiigudar from 20

8L YOHCTHT AP BERTELESEa 200, Ruckoneniadethes of from

|dhr1| ¢:ol a?rO ycm’é@er rpetheTxraéanyclfmpmntCaoB etpl TonpPéyes and
d d i cygl opent yl_2
O eI gE o8 g%%“dﬁfg PEa 30 R 1 e /9
Er SazFol EPEsen Si4 ke EPEf6oy 6gor amddycp@pémﬂaaagnﬁrom
CRIP! €3 °Bo0SHeNg aS TAY kiiged AmkdamclaRent adh eBihp1ex v is
conplexes which™are described e.g. in EP 416 815,
e Rrably at idPRK189 oniBonpARx BMARNY ef PHCh that the

P?ir%’d’@iti@ti@ﬂ Gt at NSt iirorConvent ithral L ¥ohn ctd?realre'wge in
(0] ro

0. to 1Q0: referably from1:10 to
SRE paf tRLENSRI y ChiHSis| S YPEI: 510 1. 150 g 1PP | ymol,
fpard feeraiml e possi Bl0e Priglst annrpaxmﬁgwear2§ plheferably 10
cat st l.efi rab i near C2-
aéié/ r[%éyeég aﬂdggn%grg’gg sﬁyﬁter’ire or WO
2007/080081PCT/EP2007/000096 - 45 - propylene and t hen

a{!:‘]?yégf)glk‘glt% FHa‘?P%I &&P%fé‘ﬁé‘ifygt ?ﬁ’% ?.se as a

e act ua rization.
sﬁmtdiehppeveanrantt r@eprepomyﬁer Fr@étaulorpqrep%rm@ﬁepft @roup

ble pol wrerizedsi R res &eﬁ%ﬁé‘t 'tﬁBQb' y i ﬁQ?tié‘ﬁQSrOfmetal
from1:0,1to 1: 1000, preferab 11 to 1°200. A sl

muws aPtob BE HenﬁFéflelfSEW%én (X3 ef| n,
f or exanpl evi nyl cycl ohexane, styr eneor

M® (RY); 6 (R*®) 46 (R™)s (XX)
in which

M@ denotes Li, Na, K, Be, Mg, Ca, Sr, Ba, boron,
aluminum, gallium, indium, thallium or zinc,
in particular Li, Na, K, Mg, boron, aluminum

or Zn,

R1¢ denotes hydrogen or Cj;-Cio-alkyl, Cg-Cis—aryl,
alkylaryl or arylalkyl having in each case 1
to 10 C atoms in the alkyl radical and 6 to
20 C atoms in the aryl radical,

R%®® and R**denote hydrogen, halogen, C;-Cjo-alkyl, Cg-Cis-
aryl, alkylaryl, arylalkyl or alkoxy having



10 phenyl di net hyl vi nyl sil ane, as a nodifying conponent,
an antistatic or a suitable inert conpound, such as a
wax or oil, can furthernore be added as an additive

w'hdoR@sdes af ter the preparation of the catalyspexpi@ooos

In this context, the nolar [atao_of additives to iron

15 conplex Vis conventionallf in the range of from

1: 1000 to 1000:1, preferably from1:5 to 20:1. The

catal yst composiddcin aacer di ngot 20 he i avemki ofh Ok hehealkyl
cat al yst sys 1.5 SuLtabl g for e preparation of 20

t he pglyethy%gﬁgcééco?h?nggtéxfhéﬁ ngen$E8WF mﬁpchtﬁﬁs aryl
advant ageousradécadd procelgiNyg witpeCi+@e-alkydr dheCg-Cys-
preparation g% Fbe pol yet hyl ene according to the

I nvention, et § ene is polynerized wwth a-ol efins 25

Shaving 3 to 12 C atons as descri bed above. In the
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preeess accogdhBgek0 thgni nverfdayLfor the 1 to
pol ynmeri zation, ethylene is polynerized mn{% a-ol efins

having 3 to 12 C atons. Preferred a-olefins are linear
30apd branched C2-Cl2-1-al kenes, in particular |inear
C2- Cl10-1-al kenes, such as ethene, propene, 1-butene,
1- pentene, 1-hexene, 1-heptene, 1l-octene or 1-decene,

or shramthel da8n6te- Lialdgnes, fseiehoaso 2, wherein the sum

4- met hyl - 1- pea ¢ C4-Cl2-1- Al kenes, [ p _particular
| i near CB-Clgi%gggikeﬁ8§Fe§§°398 ngtitBParV9iency of M°,
preferred. Mxtures of various a- olefins can also be

po kzed.,Rref Y, I 0 a- fi hosen
frgﬁg?%%ﬁ rgﬁggcéﬁiﬁg%ingggPogﬁﬁéne?ﬁ%rogéﬁe,%f&%ﬁﬁéhe,(xx)
1- peRAvenelionapdyenerel- nopp identical to the activator.

20074080081 BETAERAUNE JAOI6 compounds of the formula (XX)

can also be employed.

Preferred metal compounds of the general formula (XX)
are those in which

fel . . .
M denotes lithium, magnesium, boron or
aluminum and

R represents C;-Cpo~alkyl.
Particularly preferred metal compounds of the formula

(XX) are methyllithium, ethyllithium, n-butyllithium,
methylmagnesium chloride, methylmagnesium bromide,

ethylmagnesium chloride, ethylmagnesium bromide,
butylmagnesium chloride, dimethylmagnesium,
diethylmagnesium, dibutylmagnesium, n-butyl-n-
octylmagnesium, n-butyl-n-heptylmagnesium, in
particular n-butyl-n-octylmagnesium, tri-n-hexyl-
aluminum, triisobutylaluminum, tri-n-butylaluminum,
triethylaluminum, dimethylaluminum chloride,

dimethylaluminum f£luoride, methylaluminum dichloride,
methylaluminum sesquichloride, diethylaluminum chloride

and trimethylaluminum and mixtures thereof. The partial
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- 46 - heptene, 1l-octene and 1-decene is pol ynerized.
Mononer mi xtures with at | east 50 nol % of et hene are

woRejRReueLY used. 5 The process according to tReT/EP2007/000096

invention for the polynerizagbon of ethylene with

a-olefins can be carried out with all the industrially

known pol yneri zati on processes at tenperatures in the

rharo f s ¥3 ompr@hictos 330C, agugfieuablal kiylem ittdh 2@0€ohol s
rgd C referably from25 to 150C, and

Qﬂﬁ%%gﬁggggirgéai%y?gon10 5 to 4000 bar, preferably 1

to 100 bar, and particularly preferably from3 to 40

ber . aThReBRLY MBEHBBLKEN ¢7R) bel§arewpqwéa | tHe k%‘a‘ﬁﬁlyst
manner in bulk, 1n suspension, in the g phase or in

Pa’%ttﬁd‘érlblf‘i’f‘?E%leeaPE‘RFllﬁetshé?héén\}éhtﬁrbn%\'F‘OPE'écFHFQ that

ltﬂﬁeﬂ mOLakher 4301 & NBEi mlpfbxfof ferplings. (X%) cad beron from
rri ed out di scon

nuou 0 ferably
FERRergmeRednd oFS nbrimongBeT b bt edsupaeterably
domresgati aro pooeesseanoﬂ pabeicedalrdys preferably from
qﬁhpﬁ_qyegt folution processes, 20 suspension
ocesses,  stirred gas phase processes or gas phase
fIU|d|zed bed processes are possible. The
yoer, (e} a % ly. £argi.e
P i el R e €AY o £TERE fiirdl formuls
pi¥eflerab| gmphoyed radhge ©PNFEHRULDLE of3G0C-abalyatiesystem

HSESSHhES p %ﬁﬁﬁéyﬁé%éid&’éQOQoB%&Hm£@§£§%¥bﬂW@k| Hb@@%s
are conventionally fromO ours re erab from

dms this I‘F&WXtThet%%lvg‘ﬁ’ttéded%%“Hﬂ%u Xanfan used,
tRIpeeakpeel, aNGes frdle cpféyaﬁ@twﬁ tdye aolmlygﬁl @B3id
30 conventlonﬁlly %@gend on 9 '%%yq$r|zat|on net h ﬁ 1
ISP FA U pPEsSIHRP LY y ARAY 23t 14T o B8EdEY Qi Ghortly
&@fammVEhE|@mﬂﬁmerzuatednouﬂmﬂthﬂﬁssuwmexﬁ behaeceetal

d, 40 ar, i tlcul n _20 0
Qn%oggn%s r gg}e(?hiugshéd]p herl za | on J%éc‘fz\gnf(;eroé\:t u&%gggfggg
alsso a5 ces paiss idHed. Mchmmeaglelqus itfenéveat e arlarages solid
hi I n e I
SR e 30 Ahd Sagcd e R st 335 aggcoLYot
ZQGGemr¢¢oﬁPﬂPé§§@%9ﬁﬁﬂ9ﬁempi§t@ﬂ¥ﬁﬁﬁkﬁ%&eslna§d§ltlon

rﬂ3‘3ﬁ%e\M%é%é?%ﬁﬁooﬁéfgi/EP@QQE¢009986 1déﬁt1ﬁal to or
te ature ich is at a few degrees bel.ow. t

SEPEERSRE ¢ Erpe, Sompetans: Mo RARR LH LY cConBALBREALR fhe
pertd opdarsol edper at ures of between 50 and 180C,
preferably between 70 and 120C are established in 5

t hese pol ynerization processes. In the suspension

e maeiaat i omspouhd pdi¥imecanatlidevisseobeentéantedy with
Cald | %%o Utcbfﬂ FegUspendiddo ?Q%BBal%ef{?ﬁéb' ct{v&or and
i nert rocar on such as, for ex , 1 sobutane, or
rﬁ@ﬁnﬁ@% bR ﬁ%ﬂwﬁﬁﬁkﬁﬁ% SBAURACE ke FgnoRaEPle, the iron

rdyesy Tharpolydrer hzatihae tqm%r atabeSadte WAth the
general in the range of from - é} and t

C
SR PT s P yOREiaREars nATia SNt o hpRpa E o ither
lred £ o ddre oxol EGSeﬁronlbenhgofbﬁdmgrsmsmem@i otohsaict gebehalthe

i e range of fr 0 0% r SS. C e

et i oA B TtLet fed o prBIT RS SO B Sfe o
am:wlaaésvaoprcsomefmmSttxpreugh mmm@ vehbt @hg olefin
ée FRQ éf]LSSEtESWnégst é'%@ Eh%F actlvators

ITEFIZ&IOH ecarrle ythe
parm&/ecss the @empqrﬁédafhegstl\lﬁ 2‘142<t1-5‘(? ahaszéeeg /?rsought

7 asypRAsSethe! YeRGirAal i 9) | S1idk g%@.ble A
cgf?%ed %%?SFE tHEE?ange of from30 to 125C at

rﬁt@%@téﬁaéioﬂr@ﬁ:P%oaSGuﬁérCQﬁr%QQaﬂBFyﬁénEﬁﬂH?ﬁFtures
PEPCESERSAENDLANOAC, I a1y between 20-80°C.
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25 polymerization, in particular in gas phase fluidized
bed reactors, solution polynerization, and suspensi on

[zation, in particular in loop and stir
vﬁ%é&?@ﬁgéﬁare particularly preferred. The gas %ﬁgggﬁﬁgmommﬁ
pol ymeri zation can also be tat?i®d out in the so-called
30 condensed or supercondensed procedure, in which sone
of the circulating gas is cooled to bel ow the dew poi nt
and is recycled into the reactor as a two-phase
mi 3t urBOtRego-pEe fRBrfdl tankathimenict or ieatdmlghtt veolid is
PQI YR AT QR ORE'S i ch | EBKBHekO \P,neaﬁnoif;a@ivaegrt Nehd a
3 ol yner is passed . in alternation several tines

t bt thedé tdRFIOREI pPOYEs0 ARE nghbsdishiRrgeght hdnto

t oz es Wathavendi fiet £1t R/pOIRd ZakkPn S@PIhEI Ot the
can furthe%nore be Igggd. Such a reactor is ) )
detidibed °F WP3007 PCReESs 507/ 6b8096Pol ¥Beripgtion.

emﬁaﬂd t_@ralxkbry,l\/\i)tﬁ}fé_/ 014?_&51 Htﬁn;ﬁﬁtfrfcﬁfftﬁk)olri§| qutr_st lblrought
identical polynerjzation processes can al so qptiona

be TghnBEPEACTo BHE afdener T HEEER | 66 o PP imer vegd and
f artre acpobkypsti zatliieh cAsaadd,raiictomslek oV, exaipbhetivator
5 ri.p S A,parallel reactq rogram
(ﬁ§4§kgﬁ§“§§§%¥i%%n§$§§|3%98 i??e?859r558§e§§8%%?3 al so

possi bl e. Ml ar mass regul ators, for exanple hydrogen,

or vent I biLuas ntJd ' ag :
P RVELLRER, PRI KB BRI Mo e gurer

Prsiutt yinkR @andagto wbthi khehaneiath compomns ofXX) and
Vithd r H OL0S . thie PrbysRaL&atdidh | eheaniff ehphBxt N ang
absenc%Dof Pgdrogen. ) )

pcssibly rther activator is as above.

The catalyst system can optionally comprise further
catalysts which are suitable for olefin polymerization.
Possible catalysts here are, in particular,
conventional Ziegler-Natta catalysts based on titanium,
conventional Phillips <catalysts based "on chromium
compounds, in particular chromium oxides, metallocenes,
nickel and palladium bisimine systems (for the
preparation thereof see W0O-A-98/03559) and cobalt
pyridinebisimine compounds (for the preparation thereof
see WO-A-98/27124).

So-called Ziegler catalyst components {as described
e.g. in Falbe, J.; Regitz, M. (ed.}; ROmpp Chemie Lexi-
kon [ROmpp Chemical Dictionary]; 9th ed.; Thieme; 1992;
New York; wvol. 6, p. 5128 - 5129) and/ocr metallocene
catalyst components are preferred. Metallocene catalyst
components are particularly preferred.

The Ziegler catalyst component is preferably a compound
of a metal of group IVa {e.g. titanium, zirconium or
hafnium), Va (e.g. vanadium or niobium) or VIa (e.q.
chromium or molybdenum) of the periodic table of the
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The pol ynerization is preferably carried out in an 15
i ndi vidual reactor, in particular in a gas phase

wioemo1/gsu0os1The unsymretri c conpl exes accordi ng tpeCt/RR2007/000096

invention are very active i.ngighe pol ymeri zati on of

et hyl ene. 20 Their activity is higher than that of the
correspondi ng symetric conplexes. They are furthernore
d?ls?mﬁgﬁﬁshe’gabydﬁﬁrroW‘hﬁear nesyhall $debsbut hpdsoxiddes or

fan kbﬁidéQVaem@g?r'eietr%B t hey PROLESS dsS @héel\é%f Ye£Palyst
particul arly able for, the Bre par ation of “comrer ci al

afoURPReN Bfp Js"ll)f aFer V&P oPYt 2% i eamRhpobE are
Cﬂ@tbelpmﬁﬁ&hqd wirkhout iRaARLENS t ekWaldHId®I ¢, tf%hrconlum
DLSLTLARBLSHCt |9 ORI PLh UL L5 <0 thEly anium
TtlEJ.u‘:bILme:ieg expervarediwxanpl esrsehvertidef,urt hervanadium
EHUEALAE e PR R o N P R B e
2007/080081PCT/EP2007/000096 - 49 - Exanples Exanple 1
Tt T bnoRsTerito) P AR EEaFPaftn 2 etathanans; o catalyst
h@gmgp@ents are understood as meaning cyclopentadienyl
complexes which comprise one, two or three
cyclopentadienyl ligands. In the present application,
cyclopentadienyl ligand is understood as meaning any
system which comprises a cyclic 5-membered ring system
having 6 n electrons, such as, for example, indenyl or
fluorenyl systems. Metallocene complexes of metals of
group III and the lanthanoid group (e.g. lanthanum or
yttrium) as well as metals of group IV (e.g. titanium,
zirconium or hafnium), V (e.g. vanadium or niobium) or
VI of the periodic table of the elements {(e.g. chromium
or molybdenum) are preferred, and cyclopentadienyl
complexes of titanium, zirconium or hafnium are
particularly preferred. The cyclopentadienyl complexes
can be e.g. bridged or non-bridged dicyclopentadienyl
complexes, such as are described e.g. in EP 129 368, EP
561 479, EP 545 304 and EP 576 870, or
monocyclopentadienyl complexes, such as bridged
amidocyclopentadienyl complexes which are described
e.g. in EP 416 B815.

The molar ratio of diron complex V to olefin
polymerization catalyst is conventionally in the range
of from 1:100 to 100:1, preferably from 1:10 to 10:1,
and particularly preferably from 1:5 to 5:1.

It is furthermore possible first to prepolymerize the
catalyst system with o-olefins, preferably linear C,-
Cip-1-alkenes, and in particular with ethylene or
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20 g of 2,6-diacetyl pyridine (0.123 nol), 19.08 g of 2-
15 chloro-4,6-dinethylaniline (0.123 nol) and 0.5 g of

| fonic acid were heated under refl ux
\\%? ﬁ}gtﬁ)% 3%?@%&007/000096

rator in 500 mM of heptane for 75 mi
insoluble solid was filtered 9%f- The sol vent was
distilled off fromthe filtrate down to 150 n1, and t he

Z%Hcﬁ:fﬁefﬁé‘g éﬁétf:ﬂ&ﬁ Was u%%olcﬁ%otz%sf ?gﬂ&ﬁ’tgrized

whi | stirri MISO

n
OLﬁata'IJﬁ‘i%t 1g¥ﬁ'i| ter égeofafctw mlwyet@lzafzw\f r Sheegeight
mrEﬂ:fld']Ot loFopr opat@l 1y t ot %'ol‘ifd 12. amgalbqre%% mi'n) of the
%ﬁéhé? chl oro-4 dInEth henyl i m no) ét hy1] -
pﬁﬁ %Hs?eﬁfrﬂa%né:%e?‘ene%?g rFé?JI g ap<9/hé=|narbize§5%n is
Trmrﬁ@d\ﬁmy\qa anputhéy rahgeheo pr gdwat of pgneat®r 1:1000,
than 9% arl 0 anple V1
Préﬁ zﬁqQﬁ%ﬁ i go hl or o- 4, 6-
d|nethylphenyl|n1no)ethyl]pyr|d|n 2-yl | et hanonei n
tglu 0 di ace r|d|ne 0.0613 nol 9.54,
% 9‘35“0} oro gf %* to#ﬁ)%ﬁam Il?‘?]% 6""8%%3 %I) 5’-8%8%1“’
Of6>rg of @Xdlml%nesul?wbcml@mmheat edstydene or
r 490 I u 0
%ﬁl ﬂﬁlﬁ%@ﬁ?f&lﬁfpg%g%?%feg 9 dgdl # ggﬁgé?%n% an

he sol vent f conmp y an
r@ﬂtdlfetaw 2007R0SVGTERCH M/mpgand S5Guchya®ss a wax

r et ycsi_pl | £28d £lir@ReIhdle He | 58REQPERO0lan SaBi 0i (- AR ing

1%% eEres- cCHrer RIERR TR Wiy PShekl®i A BYRYI 19%AGan In
- 2hild ethanere ,wetdeobhalaed ik BoYict d s0fdidli%ed HE iron

%;Wpég%ar ?g%ngéﬁg%pgg{éﬁypﬁ% 5l Yarti S L8311 1000
to 1000:1, preferably from 1:5 to 20:1.

The catalyst composition according to the invention or
the catalyst system is suitable for the preparation of
the polyethylene according to the invention, which has

advantageous use and processing properties.

For the preparation of the polyethylene according to
the invention, ethylene is polymerized with o-olefins
having 3 to 12 C atoms as described above.

In the process according to the invention for the
polymerization, ethylene is polymerized with a-olefins
having 3 to 12 C atoms. Preferred o-olefins are linear
or branched C;-Ci2-l-alkenes, in particular linear Cs;-
Cio-l-alkenes, such as ethene, propene, l-butene, 1-
pentene, l-hexene, l-heptene, l-octene or 1l-decene, or
branched C;-C;p-1-alkenes, such as 4-methyl-l-pentene.
C4~Ciz-1-Alkenes, in particular linear Cg¢Cip-l-alkenes,
are particularly preferred. Mixtures of various o-
olefins can alsoc be polymerized. Preferably, at least
one a-olefin <chosen from the group consisting of
ethene, propene, 1l-butene, l-pentene, l1-hexene, 1-
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Preparati onof 1- (6-[1-(2-chloro-4, 6- 10
di met hyl phenyl i m no) et hyl ] pYri di n-2-yl ) et hanonei n

woRoéT208008110 g of 2, 6-di acetyl pyridi ne (0.0613 rai/EP2007/000096

9.54 g of 2- chloro-4,6-di xeyhylaniline (0.0613 nol)

and 0.6 g of p- toluenesulfonic acid were heated under

ref lux on a 15 water separator in 400 m "of nethano
fepoene: n1-metens vend Wasegiens | i dpolymeaiiast el Jonomer

h e e edet
?fggﬁgﬁgﬁolaa@g éa‘ﬂa%.e{ﬁ% 36%61 %n%ls)z grt Wkhenl P bt sOfably

1¥$%d[ 1- (2-chl or o- 4, 6- d|nethylphenyl|n1no)ethyl]pyridin
-2- Y1) et hanone was obtained in 20 a yield of 5% The

M5 showed a purity of the product of 72%  Exanple 2
G(\{é ¥E’2“8 ditet

PFRDar BECGFTSL- { BCF? hyFBﬁenﬂqYﬁ?%}OHZSfOI the

epdilyjnh@yltdtﬁloﬂ yldf.et haanyeene- udltrr(C&JLolTafms 35:an be
of 2 Q—diac Ipyr ﬂD éo 0634 nDI 10 g

24751 8yt BHE | nedd 047 R 2 RASGEHA TS ackeewn
vweo bymérizetdion @ﬁo@éssués heyxt aﬂempéraaum'et;ermer ather erange
TOF flof &8 EBSYsYE SPLLFYE51 § b€ D OLh 200°c, and
particularly preferably from 25 to 150°C, and under
pressures of from 0.5 to 4000 bar, preferably 1 to 100
bar, and particularly preferably from 3 to 40 bar. The
polymerization can be carried out in a known manner in
bulk, in suspension, in the gas phase or in a
supercritical medium in the conventional reactors used
for the polymerization of olefins. It can be carried
out discontinuously or, preferably, continuously in one
or more stages. High pressure polymerization processes
in tube reactors or autoclaves, sclution processes,
suspension processes, stirred gas phase processes or

gas phase fluidized bed processes are possible.

The polymerizations are conventionally carried out at
temperatures in the range of from -60 to 350°C,
preferably in the range of from 20 to 300°C and under
pressures of from 0.5 to 4000 bar. The mean dwell times
are conventionally from 0.5 to 5 hours, preferably from
0.5 to 3 hours. The advantageous pressure and
temperature ranges for carrying out the polymerizations
conventionally depend on the polymerization method. In
the high pressure polymerization processes, which are
conventionally carried out at pressures of between 1000
and 4000 bar, in particular between 2000 and 3500 bar,
as a rule high polymerization temperatures are also
established. Advantageous temperature ranges for these
high pressure polymerization processes are between 200
and 320°C, in particular between 220 and 290°C. In low
pressure polymerization processes, as a rule a
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WO 2007/ 080081PCT/ EP2007/ 000096 - 51 - (11.10 g) and
di ssolved in 150 mM of toluene and the sol ution was

with 10 ml of a saturated Na2CO2 sol gii
vﬁ(&e&?@ﬁs(@g‘ne phase was dried OV Na2SO4 and fIF{:Elrigéoomooo%
and the solvent was distilled'bff in vacuo. 5 5.58 g
(0.0198 nol) of the product were obtained in a purity
Oft RRPYraBIS) which Misel gt 0fe48%0 aThEewDHBEKcleisIUSE1 &% the

RS A Al 2 AR S bl 1

hqua:ne:uquo téfp@PsBurel) of tbetmeewuct50.0 snde 180°C,
0,
29iddgnatly Sl dsd oy & BofT 4400k 199% (GLNBhs M in

y|e

Prtémeatlmbymet:izézlohl orp:rott;eﬁsseilﬁ In the suspension

d| no L . .
AT o BolyBrieatich 5 copkenpigpally

gqafrrr—e{c‘a pmt(zlrchlaorgmpendmet hydemenylprefeyably in an
etméﬂooyﬁ &%&:&%Aet RARPNE 0. P6L5e gglmgaew 15oBufline, or

di met ani 1 ne’ (0.125 nol )~ and SI capent
V\é‘rlé‘br‘\’é%ﬁsed $Hder W¥dyesaxperRs . ar oh |n11300 wheof monomers

et ke joeinion s Scop o
g) was Xt u u
%Sﬂ‘?rﬁg'r a5 e 9f afd (TN cod%edtPo Yhorks and the

t erReyAlng eisl tlnvvaﬁerﬁef&l?r&d aittk t hgngesictuefpomt he to 100

fiﬂ§f¥ f%gsggff Q é%% 9 of %Eet%%ggﬂxgrofurls lghgeneral
in the range of from 10 to 80%. The process can be
carried out either discontinuously, e.g. in stirred
autoclaves, or continuously, e.g. in tube reactors,
preferably in loop reactors. In particular, the
polymerization can be carried out by the Phillips-PF
process, as described in US-A 3 242 150 and
US-A 3 248 179. The gas phase polymerization is in
general carried out in the range of from 30 to 125°C at
pressures of from 1 to 50 bar.

Of the polymerization processes mentioned, gas phase
polymerization, in particular in gas phase fluidized
bed reactors, solution polymerization, and suspension
polymerization, in particular in loop and stirred tank
reactors, are particularly preferred. The gas phase
polymerization can also be carried out in the so-called
condensed or supercondensed procedure, in which some of
the circulating gas is cooled to below the dew point
and 1is recycled into the reactor as a two-phase
mixture. A so-called multizone reactor in which two
polymerization zones are linked to one another and the
polymer is passed in alternation several times through
these two zones, it also being possible for the two
zones to have different polymerization conditions, can
furthermore be employed. Such a reactor is described,



10

15

20

25

30

solvent was distilled off conpletely fromthe conbi ned
35 filtrates and the residue was stirred with 50 m of

woentrasedsl1 The precipitate formed was filter ed REfIfEP2007/000096

washed twi ce with nmethanol - sfgrred with 100 m of hot

met hanol and then filtered. 16.92 g (0.0419 nol) of 2-

WO 2007/080081PCT/EP2007/000096 - 52 -

[ for2-2xpBPde4, 610 MR hA T IHERUS i ABRet A} Efegent (or6-also
digehbyahenydl vmee) 24 BYbh PYiriodicds eWer €a @ bb@'s%edo;bf‘l &nally
ybeld of 67% 1y-NNR (300 5$%3 in CDC13: 2.0 s, 6H),

S6 COInegHyed 2t OPE INQPASL 150 (SAFIeF Andy Injhis way
8f5ﬁmCaNMalyhexiﬁh6Ebn1€a§5ad48 28ch18857£d¥)é¥hmple, in
1%% 43—[0%&%%%@ plrzozce7585 1%8 o allj.ze reac5tor program of
two or more identical or different processes is also
possible. Molar mass regulators, for example hydrogen,
or conventional additives, such as antistatics, can
furthermore also be co-used in the polymerizations.
Preferably, in order to obtain the high contents of
vinyl groups, the polymerization is carried out in the
absence of hydrogen.

The polymerization 1is preferably carried out in an
individual reactor, in particular in a gas phase
reactor.

The unsymmetric complexes according to the invention
are very active in the polymerization of ethylene.
Their activity is higher than that of the corresponding
symmetric complexes. They are furthermore distinguished
by narrow molar mass distributions.

A further advantage is that the process is also very
particularly suitable for the preparation of commercial
amounts. Amounts of 2-200 kg of the bisimine compound
can be prepared without problems. Furthermore, the
bisimine product is formed in high purities, so that

further working up steps are no longer necessary.

The following experiment examples serve to further
illustrate the invention, without it thereby being
intended to limit the scope of the invention.
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4 122.91, 123.11, 123.34, 125.70, 127.81, 129. 82,
133. 90, 137.24, 144.57, 149.03, 167.49, 169.88

@?h@?@%%ﬁmf 2-[1-(2-chloro-4, 6- 15 PCT/EP2007/000096

enylimno) ethyl] -6-[1- (2,

6- di et hyi phenyl i mi no) et hyl] ridine Cl %.rlleyl

25 1.00 g of

1-fxanlpl-¢=2- chl or o- 4, 6- di et hyl phenyl i m no) -

et hyl ] pyri di n-2-yfl et hanone (3.3 nol), 0.99 g of 2, 6-
diethylaniline (6.6 mmol) and 1.0 g of Sicapent were
hé&xtaagbllender refl ux under argon in 50 m of
t f uran for 2 h, £A further of Sl
B?JM%%S added and%the nixture \I\Lé ﬂ]e {&gc 5 4, 6-
r efimet hyndereny Yomi oy eth Ut pheidin52hyl Aethenoare in
p | f Sicapent (0.5 g) and 0.50 g of 2,6-
qg%ﬂﬂﬁgﬁiline (3.3 mmol) were added and the m xture
was heat ed under
35 and then coole
m xture

under argon for a further 15 h
oom tenperature. The reaction

e residue on the filter was
washed wi t¥1 10| of" t et flahydrof uran. The filtrate was
t opped u m w thgetrahydrofuran, 4 g of WO
2007/ 08qP8TRE T/ EP2007/ 000096

20 g of 2,6-diacetylpyridine (0.123 mol), 19.08 g of 2-
chloro-4, 6-dimethylaniline (0.123 mol) and 0.5 g of p-
toluenesulfonic acid were heated under reflux on a
water separator in 500 ml of heptane for 75 min. The
insoluble solid was filtered off. The solvent was
distilled off from the filtrate down to 150 ml, and the
remaining filtrate was cooled to room temperature,
while stirring. 25.3 g of a yellow solid precipitated
out. This was filtered off and recrystallized from
60 ml of hot isopropanol. A total of 12.9 g (0.043 mol)
of 1-{6-[1-(2-chloro-4, 6-dimethylphenylimino)ethyl]-
pyridin-2-yl}ethanone were obtained in a yield of 35%.

The GC/MS showed a purity of the product of greater
than 99%.

Comparison Example V1

Preparation of 1-{6-{1-(2-chloro-4, 6-
dimethylphenylimino)ethyl]lpyridin-2-yl}ethanone in
toluene

10 g of 2,6-diacetylpyridine (0.0613 mol), 9.54 g of 2-
chloro-4, 6-dimethylaniline (0.0613 mol} and 0.6 g of p-
toluenesulfonic acid were heated under reflux on a
water separator in 400 ml of toluene for 90 min. The
solvent was distilled off completely and the residue



et e O

- 53 - Sicapent were added and the m xture was heat ed

agai n under reflux under argon for 2.5 h and then
WORDbBeEB0081 room tenperature. It was filtered aneCt/BeR2007/000096

residue on the filter was waghed with 10 m of

tetrahydrofuran. 5 The solvent was then distilled off

conpletely and the residue was stirred with 10 m of

et hamelcr yEta lriest i oo {90 npd b fsopsopdnstl. and66 9

h@ggtW' C o‘i"f)th meghanol 3 - AEL @1 - dpY ERT olrd -3 @R i rid 361 -

%Jfﬂqnl(lzl@hng?étHYéJ&Nﬁé@I%ﬂ wnadyEthianeng nyYFrs- [f”"“l‘it)‘“"e‘JI

(;n6ady§gpalgbegygln1no)ethy|]pyr|d|ne was obtained in
a yield of 25%

S PRGNS aPhOMER, 5 CRNRiGY, BE e Product of greater
di ek hygghenyl i m no) et hyl] - 6- (1- (2, 6-dii sopropyl phenyl i
m no) et hyl ] pyri di ne 18.80 g of
1-(6-(1-(2-chl oro-4, 6-di met hyl phenyl i m no)- 25
ed:bmbé.exzébﬁl Bxampll)eemanone (0. 0625 rml) 22.16 g of
diis opyl ani I i ne . 125 nol) an 62 -
S?E%B%ﬁ?gﬁgl:’e heat ed un% r refl ux und gr goﬁz %}h]BOOIE)On? 6
10 oﬁlMethgmpuenyaumumhﬂethwﬂipyrﬁdmn+&ﬁYbb¢th®n0%¢ in
Slcgﬁgng (10 0 g) was added and the m xture was heated

er"argon for a further 4 h and then_cooled to
rbﬁngteﬁpénéhﬂ%@CQQYLﬁ$r¥¢1m%ré@ aeb3tmellesidwd h of 2-

Eﬁlg'r LQr 6V m %d’ﬂltlhuéo(oﬂo@f:st;ﬁémhﬁdaofmrearg of p-

e sol'veht was [l ed off co etel fro gﬁ
cbﬁbuﬁéésﬂﬂﬁpméﬂésaéﬁ@-tH@rﬁespla eﬂasu BPEr eGeR LK 5B 2

15 ”La%ri”%ﬁ%xthﬂf&f ﬂthﬁow asl pblfatnethamﬂd fos B0l teired The
5P LHERRHAS nit A 99| PetodcomBlehe 5 (idkRe, o8t aue

2was recrystallized twice from 530 ml of isopropanol.

W8-58,% o géo%ﬁég LS P (TN N 6 01 (§=afmbeny1 -

dipheagt dmyiinph ernty i o) isd i1yt 3 pyk | et enore e walst aietined in

a_yie Exanple 6 5
20 PFeHaraF’ono?%? 1- (2-chl oro-4, 6-
The GC/MS showed a purity of the product of 72%.

Example 2
Preparation of 1-{6~-[1-(2,6~-diethylphenylimino) -
25 ethyllpyridin-2-yl}ethanone

30 N 0O

35 10.35 g of 2,6-diacetylpyridine {0.0634 mol), 7.10 g of
2,6-diethylaniline (0.0476 mol} and 2 ml of formic acid
were stirred in 300 ml of heptane at room temperature
for 71 h. The insoluble solid was filtered off
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di met hyl phenyl i m no) et hyl]-6-[ 1- (2, 6-di net hyl phenyl i m n
o)ethyl ] pyridineiron(ll) chloride 15

We A oggekp 4ol ) of 2- [ 1- (2-chl or o- 4, 6-
d?netﬁﬁ? enyl i m no) et hy1] - 6- 1 (2 6- dlnethy|pﬁcﬁ§F?ﬂFﬁNM96
o)ethyl]pyrldlne were suspehdel Tn 20 m of nbutanol,

and a solution of 267 ng of iron(ll) chloride 20 (2.104

mpi). 10 0 Bhdofd s dwt fEe! 1\%6815961%@ £ @ uene ang the
tenperature, while stirrjng. The suspension was heate

at® ko wag Sﬁ&rﬁﬁéﬁdsﬁlrtﬂbdl%tmlr 08 Berfrsruraked  Ba2COs
145d1lut1‘m butraeol t ybse i Sfp|h|a|s%d wd § u&d@r‘d aohegh N@S@Umand
the r Sld e abtain In this she

ghabets Hhe o oS TS TP s Pt etn | racuo.
tffﬁ.SSBNagzv(/@S Odmﬁedldlndeofath:eghipz\t&nmun f1ere8 dbtallr% fn a
of 2-[.1- ( 2- phen
(é%’bl[]t]ﬁ#ref)% %1% ;}F% )e{’ yId pi}{?iﬁqqné:lof)r %E?ﬁ “fid tother
chliopuaie wér etlmé)t aiewrtion asplekdoal WH806 ﬁiﬁaed completely

0ShLio Lot C . .

5%‘3%836‘%1P%?¥g5%07%800 . 1E51dus AWaS, Fecrystallized
Prigisax abPondferyang 2- 8h08r o3 4,(6- DBt Md bhewfl -the product
| ) efdyldiSakin 2oﬁt§ ﬁ%t}y' Bh%%df?ﬂﬂv)af 100% (GC/MS) .

et hyl ridineiron ori
Tﬁg]ég%al yield was

Example 3

Preparation of 2-[1-(2-chloro-4, 6-
dimethylphenylimino)ethyl]-6-[1-(2, 6-diethylphenyl-
imino)ethyl]pyridine

18.80 g of 1-{6-[1-(2-chloro-4,6-dimethylphenylimino)-
ethyl)pyridin-2-yl}ethanone (0.0625 mol), 15.13 g of
2,6-dimethylaniline (0.125 mol} and 20.0 g of Sicapent
were heated under reflux under argon in 300 ml of
tetrahydrofuran for 17 h. A further portion of Sicapent
(10.0 g) was added and the mixture was heated under
argon for a further 4 h and then cooled to room
temperature. It was filtered and the residue on the
filter was washed with 50 ml of tetrahydrofuran. The
solvent was distilled off completely from the combined
filtrates and the residue was stirred with 50 ml of
methanol. The precipitate formed was filtered off,
washed twice with methancl, stirred with 100 ml of hot
methanol and then filtered. 16.92 g (0.0419 mol) of 2-
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0. 36gof 2-[ 1- (2- chl or 0- 4, 6-di net hyl phenyl i m no)- 15
ethyl]-6-(1-(2, 6-di ethyl phenylimno)ethyl)pyridine (0.8

wonodyoseesd di ssol ved in 10 m of tetrahydrof ur aRCT/EP2S07/000096

0.15 g of FeCl2*4H20 (0.8 mmply) -.was added at room
tenperature, while stirring. A precipitate fornmed, and
was i solated by filtration after 1 h. It was washed 20

t W c&2vFhhorerfakysiaringd phantlHaning e gy Eht br 614 (8, 6-

ddrfﬁébuypﬁsewa&rm&%q@wll%ﬂrhdl%eﬁ dﬂe%tehybefﬂﬁ%'eldﬂ !29 a
)ethﬁ%]§¥rhglne|ron(ll chl oride was freed from sol vent
e

r 85§ 8r reduced pressure. 0.30 g (0.5 nmol) was
g’m-mmd(qcm ?gyzﬁl .?I%OCDQS% 25 Exarrpl e I8 A
epar,af,ionof 2- { 1- ( 2z chl.or,o0- t en
i#ﬁ'ﬁo?ebhyﬁ)s-'&{&)-(z, i i(Sopr@ g’d ﬁ%% F?nn ﬁ)v 2.32 (s,
egthy) ] pyoi7di frej r @HEL 1 )7 O-orixke [3HYNN./93 @, ChiH)WD8.50
2197¥%§8081PCT/EP2007/000096 - 56 - (0.70 nﬂD|) was
50

din 10 mM of tetrahydrofuran, and 0.14 g of
F‘écwmaHz@ (9. B68. Aol )L s, adIcBa.dZ&,t E®OBY | e@PeSd,urE22. 49,
n pi t rme nd [KSTe]
bé# {gsang ARG (gie 01 TR, 990 495 LRPI A 8fL e,
Qa%ydrb?ﬁréﬁ RS HodukI3 801-137chflor 344,67, 149.03,

thyl p m e 1] (2, 6-diisopropyl phenyli
ﬁ%%%)£¥hyb?g§?Pd|Egprgﬁ¥l]fﬁzkﬁ%rlde obtained in this

way was freed from sol vent residues under reduced
ggﬁ?q@ 40.38 g (0.65 mmol ) was obtained in a yield of

]ééeparatlon of 2-[1-(2-chloro-4, 6~
dimethylphenylimino)ethyl]-6-[1-(2, 6-diethylphenyl-
imino)ethyl]pyridine

| AN

o
Cl | N |
./J[:S:I:T N

1.00 g of 1-{6-[1-(2-chloro-4,6-dimethylphenylimino)-
ethyl]pyridin-2-yl}ethanone (3.3 mol}), 0.99 g of 2,6-
diethylaniline (6.6 mmol) and 1.0 g of Sicapent were
heated under reflux under argon in 50 ml of
tetrahydrofuran for 2 h. A further portion of Sicapent
(0.5 g) was added and the mixture was heated under
reflux under argen for a further 1.5 h. A further
portion of Sicapent (0.5 g) and 0.50 g of 2,6-
diethylaniline (3.3 mmol) were added and the mixture
was heated under reflux under argon for a further 15 h
and then cooled to room temperature. The reaction
mixture was filtered and the residue on the filter was
washed with 10 ml of tetrahydrofuran. The filtrate was
topped up to 125 ml with tetrahydrofuran, 4 g of
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Con'pari son Exanple V3
2,6-Bis(1-(2, 6-di met hyl phenyl i m no)ethyl)pyridineiron(l

Wdz&oh)o@dobﬁe was prepared in accordance W th Lupgrdpio7/000096
CR Chime 5 (2002), p. 43 48. Conpari son

Exan'pl e V4 25
2,678!3[;-(2-chloro-4,§-dinethylphenyliﬁino)ethyl]-
py:’;ih@thsvfmt Ovelrle) @did:lﬁﬂl ?d/vaﬁhgr?aa%t&&é nwaﬁcqzés*@ﬂéé éagain
Wi ut z m . p. - 48.
CoMpiTt sSﬁgEﬂérrb{néFe\fS a’v’/@f%og?/‘fog%zrg%%c‘?gépz%ﬁ? 0666469 to
- &fom temperature It was filtered and the residue on
2,.6-Bi 6- | phepyl.iym no) et hy ridineiro
20 BhRees Sifl Samany BUERY Ut A0) S LLRY SRS A
WDB%ZSBl,VeEx. wias thWD 20G1/1038608 16K/ ERRPAAHHI0N96nd the
residue was stirred with 10 ml of methanol. The
precipitate formed was filtered off and washed twice
with methanol. After drying in vacuo, 0.36 g (0.8 mmol)
of 2-[1-(2-chloro-4, 6-dimethylphenylimino)ethyl]-6-[1-
{2,6-diethylphenylimino)ethyl]pyridine was obtained in
a yield of 25%.

Example 5

Preparation of 2-[1-(2-chloro-4, 6-
dimethylphenylimino)ethyl]-6-(1-({2,6-diisopropylphenyl-
imino)ethyl]pyridine

18.80 g of 1-{6-[1-{2-chloro-4,6-dimethylphenylimino)-
ethyllpyridin-2-yljethanone (0.0625 mol), 22.16 g of
2,6-diisopropylaniline (0.125 mol) and 20.0 g of
Sicapent were heated under reflux under argon in 300 ml
of tetrahydrofuran for 17 h. A further portion of
Sicapent (10.0 g) was added and the mixture was heated
under argon for a further 4 h and then ccoled toc room
temperature. It was filtered and the residue on the
filter was washed with 50 ml of tetrahydrofuran. The
solvent was distilled off completely from the combined
filtrates and the residue was stirred with 50 ml of
methanol. The precipitate formed was filtered off,
washed twice with methanol, stirred with 100 ml of hot
methanol and then filtered. 17.84 g (0.0388 mol) of 2-
[1-(2-chloro-4, 6-dimethylphenylimino)ethyl] -6-{1-(2, 6~
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- 58 - Polynerization The pol ynerization experinents

were carried out in a5 1-1 four-necked flask provided
woi2067/oasant act t hernoneter, Teflon bl ade sti r rETI/ERPAGT/000096

inlet tube, condenser and he%qiag mantle. 250 m of

toluene were initially introduced into this flask and

the correspondi ng anounts of the conpl ex were added at

4901 30ptppEL PRegyA Lndee ) BAhlYY. | Py r ithane owetrieonobisitkdn in

hgayed) @t o£562%0r 10 min. Thereafter, it was cool ed

again to 40C and the amount of 30% strength

nmet hyl al unoxane solution (MAO) in toluene from Cronpton

staiegléngTabl e 1 was added. Thereafter, 20 to 40 |/h

of ethylene were 15 passed through this solution. To

ehBePRE2bbPYneri zati on, Phe et hyl ene f&ed e <qrgprar4 . 6-

adfim@t §PDpuefypams ad) ethyugh d-e s@ W@ Pite th '%ﬁéﬂrﬁflOf

15 ni 8 cogfenttgted,gyghg lori.c a%id and 2 0 of

mETHBRLE LK T PREAddagddonid T arte 9% ring for 15 nin,

a further 250 m of nethanol_ were added, the polyner

formed precipitating out cenphetely. The pol yner was

filtered off over a gl ass ¢r frit, washed three

times with nmethano 78C in 25 vacuo. The

pol yneri zati on an aAre synmmarized in Table
Co ex: t- Polyner

1. Table 1 30 Ex.

850 mg (2.104 mmol) of 2-[1-{2-chloro-4, 6~
dimethylphenylimino)ethyl]-6-[1-(2, 6-dimethylphenyl-
imino)ethyl]pyridine were suspended in 20 ml of n-

butanel, and a solution of 267 mg of iron(II) chloride
{2.104 mmol) in 40 ml of n-butanol was added at room
temperature, - while stirring. The suspension was heated
at 80°C for 2 h and then stirred at room temperature
for 14 h. The butanol was distilled off under a high
vacuum and the residue obtained in this way was washed
three times with diethyl ether. The solid obtained in
this way was dried under a high vacuum for 8 h. 1.005 g
of 2-[1-(2-chloro-4,6-dimethylphenylimino}ethyl]-6-[1-
(2,6-dimethylphenylimino)ethyl]lpyridineiron(II)

chloride were obtained in a yield of 90%.

Decomposition point: 220°C
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Activity 1 M M/ tin fromEx. of conplex A (Poly)

(mn) (g] (g of PE/(mol.h)1 (dl/g] [g/noll (unol)
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Example 7
Preparation of 2-[1-(2-chloro-4, 6-dimethylphenyl-

imino)ethyl]-6-[1-(2, 6-diethylphenylimino} -
ethyl]pyridineiron(II) chloride

0.36 g of 2-[1-(2-chloro-4, 6-dimethylphenylimino)~
ethyl]-6-[1-(2,6-diethylphenylimino)ethyl]pyridine (0.8
mmol) was dissolved in 10 ml of tetrahydrofuran, and
0.15 g of FeCl,*4H,0 (0.8 mmol) was added at room
temperature, while stirring. A precipitate formed, and
was isolated by filtration after 1 h. It was washed
twice with tetrahydrofuran and the 2-[1-(2-chloro-4, 6~
dimethylphenylimino)ethyl]-6-{1-(2, 6-diethylphenyl-
imino)ethyl]pyridineiron(II}) <chloride was freed from
solvent residues under reduced pressure. 0.30 g (0.5
mmol) was obtained in a yield of 63%.

Example 8

Preparation of 2-[1-{2-chloro~4, 6-dimethylphenyl-
imino)ethyl]-6-[1-(2,6-diisopropylphenylimino) -
ethyl]pyridineiren{II) chloride

0.32 g of 2-[l1-(2-chloro-4,6-dimethylphenylimino)ethyl]
~6-[1-(2,6-diisopropylphenylimino)ethyl]lpyridine



et

N

10

15

20

25

30

33

9 6 23.3 1:500 20 17.6 2269 0.852 134,885 4.79 V6 V3
18.8 1:500 12 7.8
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(0.70 mmol) was dissolved in 10 ml of tetrahydrofuran,
and 0.14 g of FeCl;*4H,0 (0.68 mmol) was added at room
temperature, while stirring. A precipitate formed, and
was isolated by filtration after 1 h and washed twice
with tetrahydrofuran. The product 2-[1-(2-chloro-4,6-
diméthylphenylimino)ethyl]~6*[1-(2,6-diisopropylphenyl—
imino)ethyllpyridineiron(II) chloride obtained in this
way was freed from solvent residues under reduced
pressure. 0.38 g (0.65 mmol) was obtained in a yield of
85%.

Comparison Example V3
2,6-Bis{1-(2,6-dimethylphenylimino)ethyl]pyridine-
iron(II) chloride was prepared in accordance with Lutz
et al., C.R. Chimie 5 (2002), p. 43-48.

Comparison Example V4

2,6-Bis[1l-(2-chloro-4, 6-dimethylphenylimino)ethyl]-
pyridineiron(II) chloride was prepared in accordance
with Lutz et al., C.R., Chimie 5 (2002), p. 43-48,

Comparison Example V5



2079 0.59 27,300 6.59 V7 V4 22.0 1:500 15 10.44 1901
0.523 23,150 10.1 WO 2007/ 080081PCT/ EP2007/ 000096 - 59

- erm nation of the nolar mass distrib
Vg%a%?ﬁ%ﬂﬁkans M, Mwv, and NM/MP derived theref?%%@"gimwmmmM

2,6-Bis[1-(2,6-diisopropylphenylimino)ethyl]pyridine-
iron(II) chloride was prepared in accordance with
W09912981, Ex. 1.
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carried out by nmeans of high tenperature gel perneation
5 chromat ography in accordance with DIN 55672 on a

woARRBdE0 C with the foll owi ng col ums conne@ETIEP2007/000096

series: 3x SHODEX AT 806 Mg, glgx _SHODEX UT 807 and | x
SHODEX AT- G under the follow ng conditions: solvent:
1,2,4- trichlorobenzene (stabilized with 0.025 wt. % of
2 6 di- 10 tert-butyl-4-nethylphenol), flowrate: 1
e r P29t Rbni Nj ection vol une, tenperature: 135C,
ca Ibration with PE standards. The eval uati on was
carried out wwth WNGPC. 15 The Staudi nger i ndex

('ﬂaé digcalymiasi £t 261 ReGeMilferaiy albernt edy kbbgl ahde in a

scomnet er (LauE PVS_1) with decalin as the solvent at
(1igreaegkedsoctlasbol RYATISeddect FR). 20 TeeNtact

ume«fm@mét@rcormb@to@ccmdld@g t'sQltrh:%ﬁ nvejats on {1 BXube,
shows hi gher, a i.ti es and. nol %hanthetv\o
TRt ALy Rreling R s 2500 ats OfmdCghuche Nere
tmlisjamalyl rre;ntliredmleair lTE.$1$odl stohiilput | a1 dsk naran@d\Er the
CTE;% ledigg amouHP% ég éﬁg €8W818§ Lé%g‘gﬁﬁgﬁ at 40°C
cmade o- drgodi sty ITakdrey| 1)ni M)et bylhtbohlwed, G-hen heated
détht fyb pheiyl tm nglﬁ‘t hif}nle‘%\ér Gledinel rgn(yld EBbg“gd%goa"ﬁs to

used for e ne polymeri zati‘on as descr
wh @ 1C a ansl arttheat moosntreofr 0¥l hstomngtdx metAly falumoxane

the1 MR (A Olnﬂ‘neolﬂf&r}’émff&ﬁ‘td:%m anl @tt%rtreuptfrﬁ T?ble

after 20 mn. The activity of the conplex was
P]E/‘Cﬁﬁoﬁdélﬁdcon%%&ea%‘ierirhgopéloyét%y é‘heoéb%hﬁr’é@ffﬁawefe

35a Ss&d SERSbUYNS ithals @it idn.0. WO
2007/ 080081PCT/ EP2007/ 000096 - 60 - Exanple 11 12.1

prmol of the conplex from Exanple 8, 2-[1-(2-
ghboreﬁé,GFﬂEWEWEWyﬁﬁﬁmdiFﬁanethyé) 6th%lé&e6mfeeij was
[ lsopraop no) et i heiron cakoride,
L SRPEADE R EbR GRS LBRSREY L EhERC Cnd  PPadio
atn:bms,lrw bl a Srohhr ofatqomqa‘nﬂixatfad)nmydueocbﬁrplrem tawidl and
the k 0 h y at

S0 orlim SanaTpghicy was LRH MRALATARL MEeer gtirring
v@@r 6243 e o IaFJi(limblllebf 2@@nm]ex0fh)met]l'@@hpaelr§oradded
Q(}%T'Pkﬁal%milé'r 1 fyPePf piBe ipe®Rteh g r 80 CoPPAbL88B1Y. The

ZP%llﬂF%fl w3s 6.1 L erp dpy idhe AYEEN Ro) @t A5F] pik L BERei Foit
nfd $Ned hltbrede, t ivass USr&(ihf Qiie ttHa1yd EN@npoldiRed zati M0 °LS in

as_descri abqv nol ar ratio_of Fe fro
TR ¢ o T ST R B 5 868 TRECHHRfrer FZE o
V\asmhmriezedpb.adTabtler 120 min. The activity of the

conpl ex was 976 g of PE/ (nmol of conplex h).

Table 1
30

Ex. Complex |Amount |Complex: |t- PolymerjActivity n M, M./ M,

from of Al (Poly)|lg] (g of (dl/g] {{g/mol]

Ex. complex [min] PE/ (mmol-h}}

[pumol]

9 6 23.3 1 : 500 j20 17.6 2269 0.852 [134,885(4.79
V6 v3 18.8 1 : 500 |12 7.8 2079 0.59 27,300 |6.59
v V4 22.0 1 : 500 |15 10.44 |1901 0.523 [23,150 [10.1
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The determination of the molar mass distributions and
the means Mn, Mw, and Mw/Mn derived therefrom was
carried out by means of high temperature gel permeation
chromatography in accordance with DIN 55672 on a WATERS
150 C with the following columns connected in series:
3x SHODEX AT 806 MS, 1x SHODEX UT 807 and 1x SHODEX AT-
G under the following conditions: solvent: 1,2,4-
trichlorobenzene (stabilized with 0.025 wt.% of 2,6-di-
tert-butyl-4-methylphenocl), flow rate: 1 ml/min, 500 ul
injection volume, temperature: 135°C, calibration with

PE standards. The evaluation was carried out with WIN-
GPC.

The Staudinger index (n)[dl/g] was determined with an
automated Ubbelohde viscometer (Lauda PVS 1) with
decalin as the solvent at 130°C (IS01628 at 130°C,
0.001 g/ml of decalin).

The unsymmetric complex according to the invention from
Ex. 6 shows higher activities and molar masses than the
two corresponding symmetric complexes from V3 and V4.
At the same time, the molar mass distribution is
narrower,

Example 10

21.1 pmol of the complex from Example 7, 2-[1-(2-
chloro-4, 6-dimethylphenylimino)ethyl}-6-[{1-(2, 6-
diethylphenylimino)ethyl]lpyridineiron(I1) chloride, was
used for ethylene polymerization as described above,
with a molar ratio of Fe from the complex to Al from
the MAO of 1:500. The polymerization was interrupted
after 20 min. The activity of the complex was 2786 g of
PE/ (mmol of complex * h). The polyethylene obtained had
a viscosity n of 0.807 dl/g.



N 10 O 15Ri o wherein the variabl es have the
foll ow ng neani ng: Rl-R2 i ndependently of one anot her
denot e hydrogen,

WORGASeN8ky| | C2- C22- al kenyl , C6-C22-aryl, 20 amEHTHNYQ7/000096
having 1 to 10 C atons in thggalkkyl radical and 6-20 C
atons in the aryl radical, or five-, six- or
seven genfered heterocyclyl whi ch conprises at | east

¥+ om the group consisting of N, P, 0 or S,

V\I@IE! Mnriidie ?chthﬂ'&anicﬁmrpﬁ.Clggmffrom Rxaeipledl 90, be- [h1-(2—
titute ogens r t he
S o8 Ry DEb 99gRay A 2y o0 nen (SIS andlior

fd)'rmcap:fépvgelphehylJ.mnnseeehyrle}pslyeuddnreumnGK]!RS Ialﬂ.oride,

s L{UDSDIER!! Yol S ANLI oSS EL 97T, e oes

mm 1Wibhle @cdtaonsr étnie hef aFky If noaditdee - aonlpfe20tG Al
Pc#ﬁv' [tl.h'éhle QA&S' rGgli gl 5o 12p, OR' o NARGEN, 2 81 K123 wa
1nterrupted after 10 min. The activity of the complex
was 6843 g of PE/(mmol of complex - h).
10
Comparison Example 8
14.1 umol of the complex from Comparison Example V5,
2,6-bis{1-(2,6~-diisopropylphenylimino)ethyl])pyridine-
iron(II) chloride, was used for ethylene polymerization
15 as described above, with a molar ratio of Fe from the
complex to Al from the MAO of 1:500. The polymerization
was interrupted after 20 min. The activity of the
complex was 976 g of PE/{mmol of complex - h).



e E— .

10

15

20

25

30

35

35 seven-nenbered heterocyclyl, which conprises at
| east one atomfromthe group consisting of N, P, O or
the organic radicals R3-R can al so

“E?J%)ow? QW#lned by hal ogens, CN, WO PEf/EP2007000096
2007/080081PCT/EP2007/000096 - 63 - wher ei n
the variabl es have the fol IFofilng meani ng: 10re--2 h

i ndependent|ly of one anot her denote hydrogen,
c;agggtaggglmscz C22- al kenyl, C6-C22-aryl, arylal kyl

having 1 to 10 C atons in t he al kyl radical and 6-20 C
atons in the aryl radical, or five-, six- or

SEVER- ﬂ?ﬁb@%@dﬂB¥‘¥H@y§f¥ﬁaréél&ﬂ'55 ﬁ%ﬁ%@ﬁ%ﬁéfﬁompounds
| east _one atom from_the group consisting of N, P, 0o

s, whErEPR £REMYLGardi ¢ radicals RI-R2 can al so be
substituted by hal ogens, NR1}321 OR' or Si R123 and/or
the two radicals RL-R2 can &0 be bonded with R3-R5 to
20forma five-, six- pr sev g nenberﬁd ring, R3-R5

i ndependent |y of on @ijr&Mi?IE tydr ogen,

Cl-Cn-al kyl, C2-C22-al ke , C22-aryl, aryl al kyj
having 1 to 10 C atons inf|the a kyl 25, rad|cal and 6-20
C atons in the arRi , hal ogen,

Si R123 or five-, ered heterocyclyl,
whi ch conpriseé?at | edst one atom|trom the group

radi cal s N ¢

N11112, OR" i RL23 and/or in each case two radicals
R3-R5 can al bonded with one another to forma
five-, sij , prenbered ring, and/or in each case
t wo radlcals R3 R5 are 35bonded with one another to
forma five-, ##%®- O seven-nenbered heterocyclyl,

whi ch conprises at | east one atomfromthe group

ggg?# %éggTPEﬁgEﬁgﬁd% y S&§Jgothe following meaning:

- independently of one another denote hydrogen,
Ci;-Caz—alkyl, Cz-Cz2-alkenyl, Cg-Czz-aryl,
arylalkyl having 1 to 10 C atoms in the alkyl
radical and 6-20 C atoms in the aryl radical,
or five-, six- or seven-membered heterocyclyl,
which comprises at least one atom from the
group consisting of N, P, O or S, wherein the
organic radicals R!'-R? can also be substituted
by halogens, NR'!;, OR!! or SiR'?; and/or the two
radicals R!~R? can also be bonded with R3*-R® to

form a five-, six- or seven-membered ring,

R*~-R!Y independently of one another denote hydrogen,
C;-Cz2~alkyl, Cz-Czz-alkenyl, Ce~Caz-aryl,
arylalkyl having 1 to 10 C atoms in the alkyl
radical and 6-20 C atoms in the aryl radical,
NR},, OR!Y, halogen, SiR'?; or five-, six- or
seven-membered heterocyclyl, which comprises
at least one atom from the group consisting of
N, P, O or S, wherein the organic radicals R’-
R1® can also be substituted by halogens, CN,
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- 64 - Rllindependently of one another denote hydrogen,
Cl - C22-al kyl , C2- C22- al kenyl , C6- C22-aryl, aryl al kyl

woasi7goeg1t o 10 C atons in the al kyl 5 radical PATERROED00096

C atons in the aryl radicalL @g Si Rn3, wherein the

organic radicals R' can al so be substituted by hal ogens
and in each case twp radicals, R can al so be bonded to
forma fiwWRver OR:-nembeBd® T nandhar 10n each case two

R12i ndepe f gengsa hvdr.aae
Q1 oo ol KTt £ 50 Reny T O CoBoRd S oM By 2nother
having 1 t@F 18nCeacsmEas® tie aradicabeli B&tRan¢asl 200 be

atoms in thenged! wit¥ e 1230Ehtp eaClrLARCat Wave-, six-
radi cals Rn can al so be bonded to formﬁflve- or

si x- menber®% rIHEEN "REMEST ¢¢ 4P IttenfRP /O o0AB aPBERercase

denote carpes, rAdicaaen P-rRINasRhYdided NwPeht lo‘?ﬂé' aernother
carbon, 20and,i ndependent|y of one, an ther ah

“E3 as rP¥rdfef phREPhoFRs tadd R iR aé? ‘bonded
car bon, 25wiﬂharbr8él it titer Ny afolAt | & Sﬂivent Wik~ or
an ani I ine of the f rmJI R1 i nde cr%endentl

of one anothEFaBf srﬁﬁldrbﬁéﬁrocy‘:lyl whi comprises

at least one atom from the group consisting of
N, P, O or S,

R independently of one another denote hydrogen,
Cy—Ca2-alkyl, Cz;-Cz2-alkenyl, Cg-Caz—aryl,
arylalkyl having 1 to 10 C atoms in the alkyl
radical and 6-20 C atoms in the aryl radical
or SiR!'%;, wherein the organic radicals R'' can
also be substituted by halogens and in each
case two radicals R can also be bonded to

form a five- or six-membered ring and

R? independently of one another denote hydrogen,
C1-Csp-alkyl,  Cp—Cap-alkenyl,  Cg-Czp-aryl  or
arylalkyl having 1 to 10 C atoms in the alkyl
radical and 6-20 C atoms in the aryl radical
and in each case two radicals R!? can also be
bonded to form a five- or six-membered ring,

El-E® independently of one another denote carbon,
nitrogen or phosphorus, in particular carbon,
and

u independently of one another are 0 for E'-E? as
nitrogen or phosphorus and 1 for E'-E® as

carbon,

which comprises reacting a dicarbonyl compound of

the formula II
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Gl -C22-al kyl, C2-C22-al kenyl, C5-C22-aryl, aryl al kyl
having 1 to 10 C atons in the al kyl radical and 6-20 C

' he aryl radical, WD
P aBAL 1T Lr2007) 000096 <. 65 - NRi12, ORe PCTEPROTIONNNG

hal ogen, Si R123 or five-, Si x€3 o7 seven- nenber ed

het erocyclyl, which conprises at | east one atom from

the group consistinggf# N, P, 0 or S, wherein the

organic radicals R6- |% Rw can al so be substituted by

hal ogens, CN, RAR112, %\ or fFR'3 and/or in each case

two radicals RB- EO/ca\éd% Be bonded with one another

to forma five-, sSjix- oryseven-nmenbered rin&, and/or in

each case RUo 10r gdli cal s| R6- R B@re bonded wi th one

another to f i 7 SNLX seven- nenber ed

het erocycl yl , ich npri sgs at | east one atomfrom

the group consilsting of N, ®, 0 or s, 15

R11i ndependentQ/ of one anoPher denote hydrogen,

C -C22-al kyl, C2-C22-al kenyl, C6-C22-aryl, aryl al kyl

havingil to 10 C atons i'n the alkyl radical and 6-20 C

at omwhereife thy|vanikbes Pavertis: RiG]l1lokéng metand ng:

or gamilcr? adi f@ry, ah$o S Lt a

and :ﬁn gac%%s%ﬁbb radi %gl s&% %gﬁﬁg{egogﬂaﬁto@ndégg?gaen'

form a fiv&i~Gez s bkWenber edaCaz aheenyl, Ce—Ca2-aryl,

25R12i ndep@mraﬂ%pfhs{afngnqt Ry MEnet cbydr A%fNehe alkyl

Cl-C22-al kyl,”, C2- C22- I%egﬁl, C6-C22-aryl or aryl al kyl,

havi ng 1 t Jab@at PAZPhE AURMS 4B the awvb- sgdécal,

atoms in the afiNe+adstal oRd Jevesptleniasted WRetadbegksyl,

R72 can al sqQ .be 30bonded to forma fjve-_ or

si x- menber é’g“lrcl g SOTPIHRE Sor Bge@e%ﬁtor%ﬁ?lg atere| finpm, the

wher ei n i n grimeipronon sl seiognpdudids Bf Ohexf @&, mukee aadn the

in the | 1 ]0e. hgif of LI, i .

chl ori ne, ﬁﬁ%ﬁéﬁ?sﬁ%?l?%é%ng'aﬁdngéﬁiglgocﬁgézgpgf§§FPted
by halogens, NR'';, OR! or SiR'?; and/or the two

radicals R'-R? can also be bonded with R3-R® to

form a five-, six- or seven-membered ring,

R’-R’ independently of one another denote hydrogen,
C,-Cpo-alkyl, C2-Cz-alkenyl, Ce~Caa—aryl,
arylalkyl having 1 to 10 C atoms in the alkyl
radical and 6-20 C atoms in the aryl radical,
NR'',, OR!Y, halogen, SiR%?; or five-, six- or
seven-membered heterocyclyl, which comprises
at least one atom from the group consisting of
N, P, O or S, wherein the organic radicals R3-
R® can also be substituted by halogens, NR'Y,,
OR!! or SiR'?; and/or in each case two radicals
R3-R® can also be bonded with one another to
form a five-, six- or seven-membered ring,
and/or in each case two radicals R3-R® are
bonded with one another to form a five-, six-
or seven-membered heterocyclyl, which
comprises at least one atom from the group

consisting of N, P, O or S,
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independently of one another denote hydrogen,
C1-Cz2—alkyl, C2-Cy-alkenyl, Ce-Ca2-aryl,
arylalkyl having 1 to 10 C atoms in the alkyl
radical and 6-20 C atoms in the aryl radical
or SiR';, wherein the organic radicals R!! can
also be substituted by halogens and in each
case two radicals R! can also be bonded to
form a five- or six-membered ring and

independently of one another denote hydrogen,
C1-Ca2—alkyl, Cz2-Czr-alkenyl, Ce—Coz-aryl or
arylalkyl having 1 to 10 C atoms in the alkyl
radical and 6-20 C atoms in the aryl radical
and in each case two radicals R!? can also be
bonded to form a five- or six-membered ring,

independently of one another denote carbon,
nitrogen or phosphorus, in particular carbon,
and

independently of one another are 0 for E!-E® as
nitrogen or phosphorus and 1 for EX~E? as
carbon,

in an aliphatic, non-aromatic solvent with an

aniline of the formula III

R6-R10

U]

independently of one another denote hydrogen,
C;-Ca2—alkyl, C2-Caz—-alkenyl, Cg-Caz-aryl,
arylalkyl having 1 to 10 C atoms in the alkyl
radical and 6-20 C atoms in the aryl radical,
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NR'!;, ORY, halogen, SiR'%; or five-, six- or
seven-membered heterocyclyl, which comprises
at least one atom from the group consisting of
N, P, O or S, wherein the organic radicals RS-
R'® can also be substituted by halogens, CN,
NR'2, ORM or SiR'%; and/or in each case two
radicals R°-R! can also be bonded with one
another to form a five-, six- or seven-
membered ring, and/or in each case two
radicals R®-R!® are bonded with one another to
form a five-, 5ix- or seven-membered
heterocyclyl, which comprises at least one
atom from the group consisting of N, P, O or

S,
R independently of one another denote hydrogen,
Cl-sz—alkyl, Cz-ng—alkenyl, C5-C22-aryl,

arylalkyl having 1 to 10 C atoms in the alkyl
radical and 6-20 C atoms in the aryl radical
or SiR'?;, wheérein the organic radicals R can
also be substituted by halogens and in each
case two radicals R can also be bonded to
form a five- or six-membered ring and

R!2 independently of one another denote hydrogen,
C1-Cap—alkyl, C2-Cy2-alkenyl, Ce—Caz~aryl or
arylalkyl having 1 to 10 C atoms in the alkyl
radical and 6~20 C atoms in the aryl radical
and in each case two radicals R'? can also be
bonded to form a five- or six-membered ring.

The process according to claim 1, wherein in the
monoimine compounds of the formula and in the
aniline of the formula III, R® is chlorine, bromine
or iodine and R’ is a Ci-Cap-alkyl.



