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OF THE INYMUJ\I This invention relates to new transition netal catalyst

conpounds 1 epr esent ed
This invention relates to new tran51t10n metal compounds nseful as polymerization

and or oligomerization catalysts.

10 BACKGROUND

As is well known, various processes and catalysts exist for the

oligomerization, homopolymerization ot copolymerization of olefins.
New polymerization catalysts are of great interest in the industry because they
offer many new opportunities for providing new processes and products to the
15 markets in a cheaper and more efficient manner. The following invention relates to

new polymerization technology based upon new transition metal catalyst compounds.

Additional references of interest include:

1 H. Suzuki, K. Nakamura and M. Takeshima, Bull. Chem. Soc. Jpn., 1971, 44, 2248,
. 20 2 J.H. Oskam, H. H. Fox, K. B. Yap, D. H. McConville, R. O'Dell, B. I. Lichtenstein

and R. R. Schrock, J. Organomet. Chem., 1993, 459, 185.
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Chem., 1998, 63, 2481,



by the formula (1): Q R RRTR(XYm ~~N (XxYm~ z' RR where: Mand M
are, independently, a group 8, 9, 10 or 11 transition netal, preferably N,
Co or FeWR9H1B66F oup i s, independently, is, hydrogen, PSIT/EP2G95M005653r byl |
substituted 10 hydrocarbyl, hal ocarbyl, substituted hal ocarbyl, silylcarbyl,
substituted silylcarbyl, gernylcarbyl2 or substituted gernyl carby
substituents, and optionally, adjacent R groups may join together to forma
substituted or unsubstituted, saturated, partially wunsaturated, or aronatic
cyclic or polycyclic substituent; R is hydrogen, or a hydrocarbyl,
substituted hydrocarbyl, hal ocarbyl, substituted 15 hal ocarbyl,

silyl carbyl, substltuted si | Icarb |, gernylcarbyl, or substituted
gernylcar--J s QR dE 1] WY onal |y, adjacent R groups may join

together with RQﬁW d,

partially unsatth!glrSa1 & 8%?3 lgtﬁ% Ms%nﬁ{éetg?&% H’%’?‘%‘%&%@ £e%e§nt each X °
group is, byﬂdﬂmﬁmdhqnty i's, hydrogen, a halogen or a hydrocar byl ,

substituted 20 hydrocarbyl, hal ocar byl , substituted hal ocarbyl,

silylcarbyl, substituted silylcarbyl, gernylcarbyl, or substituted

gernyl carbyl substituents, and optionally, qbacentRX WO 2005/ 118605

PCT/ EP2005/ 005653 _, 3 groups may joi n toget her rma substituted or
unsubstituted, sa partially aromatic cyclic or

pol ycyclic substi mandim are, 1, 2, or 3; z and

z' are, indepeggc ‘ 1/ 2, or 3

where:
M and M are, independently, a group 8, 9, 10 or 11 transition metal, preferably Ni,
Co or Fe;
each R group is, independently, is, hydrogen, or a hydrocarbyl, substituted
10 hydrocarbyl, halocarbyl, substituted halocarbyl, silylcarbyl, substituted silylcarbyl,
germylcarbyl, or substituted germylcarbyl substituents, and optionally, adjacent R
groups may join together to form a substituted or unsubstituted, saturated, partially
unsaturated, or aromatic cyclic or polycyclic substituent;
R' is hydrogen, or a hydrocarbyl, substituted hydrocarbyl, halocarbyl, substituted
15 halocarbyl, silylcarbyl, substituted silylcarbyl, germylcarbyl, or substituted
germyicarbyl substituents, and optionally, adjacent R groups may join together with
R'to form a substituted or unsubstituted, saturated, partially unsaturated, or aromatic
cyclic or polycyclic substituent;
each X group is, independently, is, hydrogen, a halogen, or a hydrocarbyl, substituted
20  hydrocarbyl, halocarbyl, substituted halocarbyl, silylcarbyl, substituted silylcarbyl,

germylcarbyl, or substituted germylcarbyl substituents, and optionally, adjacent X



5 Nis nitrogen; Qis hydrogen, or a hydrocarbyl, substituted hydrocarbyl,
hal ocar byl , substituted halocarbyl, silylcarbyl, substituted silylcarbyl,
ger nyl cavb@Rooscsa@absti t ut ed gernyl carbyl substit uent s;PGQY/ER2803688658gen, or
a hydrocarbyl, substituted hydrocarbyl, hal ocarbyl, substituted 10

hal ocarbyl, silylcarbyl, substituted s4lylcarbyl, gernylcarbyl, or
substituted gernylcarbyl substituents; and L is a hydrocarbyl, substituted
hydr ocar byl , hal ocarbyl, substituted hal ocarbyl, silylcarbyl, substituted
silylcarbyl, gernylcarbyl, or substituted gernylcarbyl substituent. 15 This
invention further relates to a catal yst system conprised of the above
transition metal conpounds conbined with an activator and to a process to
pol yner i zegraulmnagr jaﬁteubgathammﬁbﬁn asilbsg'nsubcht wnahityged, sytutaed, patialBRl EF

DESCRI PTI ON OF I—CIF gure 1 is a repr esentation of the nol ecul ar
struct ure Ypanmae PEQ’é’Hﬁiuﬁ °§§)° OTH‘—?}YQM?IE’SE bty apr esent ati on of the

mol ecul ar ﬁtahg%-ldfee1%&7&311%347@@@59339) Figure 3 is a representation of
the nol ecular struéture of (exanple 40). Figure 4 is a representation
of the nol zend Zares indgpendentlyy 0, 282, of &xanpl e 41). 25 Figure 5 is a

represent aI[L]I on. of the nmolecular structure of 35a" (exanple 51). Figure 6 1is
a represen é?PS‘Hg‘?ﬁ t he nol ecul ar structure of 35b' (exanple 52). WD

2005/ 118609 iPRskdr&550654 ﬂﬁﬁﬁéa%by14subaﬁﬁﬂeﬂlh}ﬂﬁbﬁb&§ hbesbiie seistitutddhe nunberi ng
schene for. the Periodic Table Groulg; IS new notatlon as set out in

CHEM CAL Arate qarioll NEpRp el NEbdituigd 6 carwtﬁw yl8 splaiidptetbrein, Me is

nmet hyl , ng.mg, U’éf rtiary butyl, iPr and "Pr are 5 isopropyl, Cy is
. cyclohexyl E:q Hu ) enis'l The terns "hydrocarbyl radical,"” "hydrocarbyl"

and hydr othbjnlydlggau p‘f adwérocarbyl substitnted hydrocarbyl, halocarbyl, substituted
10 halocarbyl, silylcarbyl, substituted silylcarbyl, germyicarbyl, or substituted

germylcarbyl substituents; and
L is a hydrocarbyl, substituted hydrocarbyl, halocarbyl, substituted halocarbyl,
silylcarbyl, substituted silylcarbyli, germylcarbyl; or substituted germylcarbyl
substituent.
15
This invention further relates to a catalyst system comprised of the above
transition metal compounds combined with an activator and to a process to

polymerize unsaturated monormers using such catalyst system.

20 BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 15 a representation of the molecular structure of 27a’ (example 38).
Figure 2 is a representation of the niolecular structure of 27b’ (example 39).
Figure 3 is a representation of the molecular structure of 27¢’ (example 40),
Figure 4 is a representation of the molecular structure of 28’ (example 41).
25 Figure 5 is a representation of the molecular structure of 35a° (example 51),

Figure 6 1s a representation of the molecular structure of 35b° (example 52).



used i nterchangeably throughout this docunent. Likew se the terns "group"
and "substituent" are also used interchangeably in this docunent. For

pur posesweéx2005i118605di scl osure, "hydrocarbyl radical" is #etiErRee)sio0S6z
Cl-Cil(r) radicals, that may be linear, 10 branched, or cyclic, and when
cyclic, aromatic or non-aromatic, andy nclude substituted hydrocar byl

radi cal s, hal ocarbyl radicals, and substituted hal ocarbyl radicals,
silylcarbyl radicals, and gernyl carbyl radicals as these terns are defined
bel ow. Substituted hydrocarbyl radicals are radicals in which at | east one
hydrogen is atom has been substituted with at |east one functional group
such as NR*2, OR*, SeR*, TeR*, PR*2, AsR*2, SbR*2, SR*, BR*2, SIR*3, GR*3, °*
SnR*3, PbBEFINIHIONS |ike or where at |east one non-hydrocarbon atom or

_9oup has bee,\,@p{i}se%rﬁe%,‘{p é%@;&fgm&m%;’i@%ﬁ&l eGrglg%?lpal)e ,O;g_bj?" .
LUR) - e nombd B Powt in 0 anp BRGRERa 8B BOGR 2210880 e |1 ke,

where R* 1s independently a hydrocar byl and two or

more R* may j oAsussiderdimrMe i memm,a-medtBu ateetdrtmrylnmsluiﬁtandmrade sat ur at ed,
partially. unsat ted r, ar,0 |c or polycyclic ring structure.

Hal ocarsbyfsoprgay éS%PFC hFﬁﬂf?:‘Efgﬁf h one or nore hydrocarbyl hydrogen

atons have beemh&ihss vﬁy«m@lrwl tuied," I" bea\A" Bl BERGCat® Grodpafd . Br, ) or
hal ogen- 25 containin g}gg (e.qg. 'CF3). Substituted hal’ocar byI radicals are
gdlsou

radi cal s Pspdvpferchaggeab dmélt Fis decunispt. Likgwiso ghaterns fmpenfe@mdat om has been

substitute a r u SeR*,
Tore i ol Pl R3S QAfer HRBLIIM o Rl PO BRNRE B DO

i ke or wHisclesuat, "hgdtsbarbyl&amoai" tsaddfined & berCoC) @ raligals) disat hexyrbe\We@005/ 118605
PO ERR008] 005953 i IRTNRES oYbild ot 1 Al ocacbl radigal, such as -0~
-B(R*) -,  silstituted HyB¥ocdrbyl radRls; haaocarbyﬁ&{ll%ﬁ‘lé Zmd sobi3Bfed Ralogbiihit he | ke,

wher e R* i s i ndependent e'/l a hydrocarbyl or “hal ocarbyl radical provided that

at | east wdicalsast YA rashicalse gad germaricarhid radifals awthese terms are defined

below.
Substituted hydrocarbyl radicals are radicals in which at least one hydrogen

15  atom has been substituted with at least one functional group such as NR*,, OR¥,
SeR*, TeR*, PR*;, AsR*,, SbR*;, SR*, BR¥;, SiR*3;, GeR*;, SnR*;, PbR*; and the
like or where at least one non-hydrocarbon atom or group has been inserted within the
hydrocarbyl radical, such as -O-, -8-, -Se-, -Te-, -N(R*)-, =N-, -P(R¥)-, =P-,
-As(R*)-, =As-, -Sb(R*)-, =Sb-, -B(R*)-, =B-, -8i(R*)z-~, -Ge(R*),-, -Sn(R*),-,

20 -Pb(R¥),- and the like, where R* is independently a hydrocarbyl or halocarbyl b
radical, and two or more R* may join together to form a substituted or unsubstituted |
saturated, partially unsaturated or aromatic cyclic or polycyclic ring structure.

Halocarbyl radicals are radicals in which one or more hydrocarbyl hydrogen
atoms have been substituted with at least one halogen (e.g. F, Cl, Br, 1) or halogen-
25  containing group {e.g. CFs).
Substituted halocarbyl radicals are radicals in which at least one halocarbyl
hydrogen or halogen atom has been substituted with at least one functional group
such as NR*;, OR*, SeR*, TeR*, PR*;, AsR*;, SbR*;, SR*, BR*,, SiR¥*3, GeR*;, :

SnR*;, PbR*; and the like or where at least one non-carbon atom or group has been



5 hal ocarbyl radical. Additionally, two or nore R* may join together to form
a substituted or unsubstituted saturated, partially unsaturated or aromatic
cyclic owopelisyiasedsi c ring structure. Silylcarbyl radi cHCI/ERNEHNSEN| ed
silylcarbyls) are groups in which the silyl functionality is bonded
directly to the indicated atomor at og. Exanpl es include 10 Si H3, SiH2R*,
S HR*2, SIR*3, SIH2(OR*), SIHOR*)2, SI(OR*)3, SIiH2(NR*2), SiH(NR*2)2,
Si(NR*2)3, and the |like where R* is independently a hydrocarbyl or

hal ocar byl radical and two or nore R* may join together to forma
substituted or wunsubstituted saturated, partially unsaturated or aromatic
cyclic or polycyclic ring structure. 15 Gernylcarbyl radicals (also called
ger nyl car biyjké&jedavithigdRatocarbyiMuidizhl dubk as g8, 8| -Jeunqhl, oNgRHL,=N-5 bonded
directly tq t]ge i.ndi cated at om or _at ons. Exan'g)l es include GeH3, GeH2R*,
GeHR* 2, ~ GeféB))-EHp e ), Tty FBRY)- tBlroB(R3)-: =BeHHitE2) -Ca@enr: 2) 2,
Ge(NR*2) 3, _ t hepdRKE. WREhE R dBerl . rhyl or

hal ocar byl S?‘Qg’f)%a%ﬂéﬁdﬁ t wo ogilgﬁrgﬁabwiggﬁ}agﬁﬁ{d%@g% ﬁgar,rgg%ﬁgoo?m a 20

subst i t ut elshlararhyh sadied pravided tsatticadt ede hgagdn abhyemamabntiet @ikl aromati c

cyclic or ol ycycljc.rjing.structure. Polar radicals or polar groups are

gr oups ’n %E?‘@%/P%ﬁaéh%t‘%ﬂg%?r@h?” WBWE@%H&%F‘E‘VJP@ tBS’FFHE‘if"%?‘F‘é?:t ly to the

i ndi cat ed aheiMuRA & uRETDstithRAkatulitdd) P8rtiallP LESARMONS: HonREiOURTicky 17 of the
periodic table either alone or connected to other 25 elenents by coval ent or
ot her i nt epdgtyichnsinggeetars. i oni c, van der Waals forces, or hydrogen

bondi ng. Exanpl f. I | i.ncl Doxyl 4. Ci aci d
hal i de, car boxyﬁ?%gaer@flle*fg(ﬁa%gPag%)x(%p?déﬁ é?a?b?yl%%r?%%%??gy‘%l y reisggl, al dehyde
and t_hgi r fu@h@dﬁﬁgga@ bbﬁe{dgﬁre&ﬂj) to&ha{rlﬂgjd&ﬂ,a_t(ﬁh @ﬁminsalmiamb&@ﬁ{c}u@; her, -
per oxi de a roperoxi de.  carboxylic,. : razi nd imde, am dine
and ot H&r ﬁ%ﬁr%é‘éﬁgﬁé{{%@v@g%@&g%@éﬂ@&@%@0@@ 3’6&%@{1{% es of ani des,
nitrile, agiRRaNg difNRE),, B4Pthe kb WhercdtWRndbpbh RHAY aGRAERRIBYEor Sul fur

acids, seleniumacids, throls, sulfides, sulfoxides, sulfoneS, phosphines,
halocarbyl radical and two or more R* may join together to form a substituted or

unsubstituted saturated, partially unsaturated or aromatic cyclic or polycyclic ring
structure. '

15 Germylcarbyl radicals (also called germylcarbyls) are groups in which the
germyl functionality is bonded directly to the indicated atom or atoms. Examples
include GeH,y, GeH;R*, GeHR*,, GeR53, GeH(OR¥*), GeH{OR*)2, Ge(OR*);,
GeH,(NR*3), GeH(INR*4),, Ge(NR*;)3, and the like where R* is independently a
hydrocarbyl or halocarbyl radical and two or more R* may join together to form a

20  substituted or unsubstituted saturated, partially unsaturated or aromatic cyclic or
polycyclic ring structure.

Polar radicals or polar groups are groups in which the hetercatom
functionality is bonded directly to the indicated atom or atoms. They include
heteroatoms of groups 1-17 of the periodic table either alone or connected to other

25  elements by covalent or other interactions such as ionic, van der Waals forces, or
hydrogen bonding. Examples of functional groups include carboxylic acid, acid
halide, carboxylic ester, carboxylic salt, carboxylic anhydride, aldehyde and their
chalcogen (Group 14) analogues, alcohol and phenol, ether, peroxide and

hydroperoxide, carboxylic amide, hydrazide and imide, amidine and other nitrogen



phosphat es, ot her phosphorus conpounds, silanes, boranes, borates, al anes,

al um nates. Functional groups may al so be taken broadly to include organic

pol ymer WOs20pHta866S or i norgani ¢ support nmaterial such a®CIERAIOSHIS6aRd

silica.. Preferred exanples of polar groups include NR*2, OR*, SeR*, TeR*,
PR*2, AsR*2, SbR*2, SR, BR*2, SnR*3, PbR*3 and the |ike where R* is

i ndependently a hydrocarbyl " substi?uted hydr ocar byl , hal ocar byl or
substituted hal ocarbyl radical as defined above and two R* nmay join

together to forma substituted or unsubstituted saturated, 10 partially
unsaturated or aromatic cyclic or polycyclic ring structure. In sone

enbodi nents, the hydrocarbyl radical is independently selected from nethyl, *

et hyl, etmrvghesadmnhamﬁitﬁlepamﬁreaﬁa iminB 2% nitddesdhi nittbgetydompoendy| , octyl,
nonyl, dec yndecyl , dodeCée%}Ftrldecyl tetradecyl, pentadecyl hexadecyl ,

hept adenyﬁlu B%‘t‘%é@?‘l““mrﬂfh%d S“Lﬁd@‘bs?}? x‘ﬁ%éﬂfﬂ%&lp OFRiiRsSy | | tri cosyl, ‘

tetracosy, e nonacosyl,
triacont hos%é(géée%i I tl"tmerﬁﬁ l%e}r?tise ﬁ@ ﬂg)g@r{?lfﬂ 00 %%ie)d%% oct enyl ,
nonenyl , aimnma;els medmel"grbups Mmﬂdecehtytakcri bmdélgemmc;ludeelrgamkepcdynynb:

pent adece

h d t ad t d d |
e| cosenyl® %ﬂmﬁgﬁﬁl?%%@?%“m&@@ﬁviﬁ%%@{% e %f%]?‘)r/aacgg%fna ‘fcggﬁt acosenyl ,

hexacosenglyy l};‘é‘l@)‘t‘%ﬁ?@fbﬁbs 1&%?&@9‘@1{* SEK“aCI@RWB’R*z, RQR*{ seret enyl
propynyl , tp penty exynyl , hept ynyl, octynyl, nonynyl , decynyl

undecynyl R’ﬂ(ﬂfé“em*a, PbR%@@Slrﬂ}d llket‘@hﬁfaaéaymﬁbpené yatlexdragarbylhexadecynyl
hept adecy, yﬁ%gt%tu@ﬁ%gg%%ﬂﬁ% haﬂ)g%l%gl o%{?é’%tﬂut 4 ﬁﬁgé(a'@ﬁr} r?cﬂ&ﬂ % ﬁgﬁ%eﬁyalbo]réj ocosynyl ,

tricosyn osynyl, "pent a exac acos

oct acosy matid, twoRINME P foin YW gethef tafonn t'iysﬂbdtl,‘tutbdl bﬁmsemﬂtute@ smuaehde nyl
hexadi enyl ept adi e %Jf 25 oct adl nonadi enéa and decadi enyI Al so
i ncl ud8d Rartia Ws%ﬁ%‘f‘?t orarpAtis Gyglic %aqlwgﬂwﬂaﬁ §8%at ed and ar omati c

cyclic and polyayallembpbfri&dts HRshaRREAID rddiG1 fsqﬂa@ahdenﬂwele@tea topnal 1y be

subjected to the types of substitution$ described above. Exanples include

phenyl , neethy), pthah gthenyl andtisgrmerh efmriopylebwiyl, prratmly hexydi hepish gsdny | |
DDy e P R R, BSREH. oL DB, s BRI ani v aceny!

.. heptadecyl, octadecyl, nonadecyl, eicosyl, heneicosyl, docosyl, tricosyl, tetracosyl,

15 pentacosyl, hexacosyl, heptacosyl, octacosyl, nonacosyl, triacontyl, propenyl,
butenyl, pentenyl, hexenyl, heptenyl, octenyl, nonenyl, decenyl, undecenyl,
dodecenyl, tridecenyl, tetradecenyl, pentadecenyl, hexadecenyl, heptadecenyl,
octadecenyl, nonadecenyl, eicosenyl, heneicosenyl, docosenyl, tricosenyl,
tetracosenyl, pentacosenyl, hexacosenyl, heptacosenyl, octacosenyl, nonacosenyl,

20 triacontenyl, propynyl, butynyl, pentynyl, hexynyl, heptynyl, octynyl, nonynyl, o
decynyl, undecynyl, dodecynyl, tridecynyl, tetradecynyl, pentadecynyl, hexadecynyl, |
heptadecynyl, octadecynyl, nonadecynyl, eicosynyl, heneicosynyl, docosynyl,
tricosynyl, tetracosynyl, pentacosynyl, hexacosynyl, heptacosynyl, octacosynyl,
nonacosynyl, triacontynyl, butadienyl, pentadienyl, hexadienyl, heptadienyl,

25 octadienyl, nonadienyl, and decadienyl. Also included are isomers of saturated,
partially unsaturated and aromatic cyclic and polycyclic structures wherein the radical
may additionaily be subjected to the types of substitutions described above.

Examples include phenyl, methylphenyl, dimethylphenyl, ethylphenyl, diethylphenyl, ‘
propylphenyl, dipropylphenyl, benzyl, methylbenzyl, naphthyl, anthracenyl,



cycl opentyl, cycl opentenyl, cyclohexyl, cycl ohexenyl, nethylcycl ohexyl,
cycl oheptyl, cycl oheptenyl, norbornyl, norbonenyl, adamantyl and the |iKke.
For this woizeedasense, when a radical is listed, it indi CAAHEPMHIS6Edi cal
type and all other radicals forned when that radical type is subjected to
the substitutions defined above. A kyl 7 5 al kenyl and al kynyl radicals
listed include all isoners including where appropriate cyclic isoners, for
exanpl e, butyl includes n-butyl, 2-nmethylpropyl, 1-nmethyl propyl,
tert-butyl, and cycl obutyl (and anal ogous substituted cycl opropyls); pentyl
i ncludes n-pentyl, cyclopentyl, 1-nethylbutyl, 2-nethyl butyl,
3-net hyl butyl, I|-ethylpropyl, and neopentyl (and anal ogous substituted
cycl obut yl sydementyiodyolvpapyiyd,) cyclmbexyly ¢ ycldheremyl udethylEyadotex#, f or ns  of

1- butenyl, 2-hutenyl -hut enyl, 1-met hyl -1 -propenyl., 1- t hyl - 2- propenyl ,
2 ot ! - | SO oSl BRI bers v obrerf AT O sodthed For i

cycl opr opegtidiure Gy¥Ednl Lra@RaIe ﬁ&@d,ﬁ@ﬁidﬁlﬁt@% W A dids) bpRSand HE bideradidalsi soner
forms, for exanple, nethyl phenyl woul d i ncl ude ortho-nethyl ph

. : . & O enyl,
net a- net hy [qsed yihen skt rasdidehtyipe dhsubjsiveastp thaubstithijonstishiped shovkdAlkdl ude

2,3-dineth ' | - di.net h henyl. . .
2, 6-di gﬁenﬁkgrr@? %}%1 ’alk%"gllré‘?%%% ﬁg‘%@%é’ﬁ%%&%" ergfng!u% ﬁr%‘ﬁ%%? EIF%H If“fte A "ring
car bon at ogyclicds@n&sfboskamptayblifydinchilepatbutydf2-methylprogyl) i-agtisigragiure. By
this definition, an_indenyl |igand has nine ring carbon atops., 20 A
"bondabl e féHBvEEbend wa"%é (andranalpegusubsdftadicytloproryliy asniy! Belgesnr i ng a
substi t uent, RhLtprdegi S yhsi f o B | GhaPe 4hi enyl has
.five bonda IeQ?iggﬁggg?fF@%?h?g?Qfhéﬁgg¥bgﬁﬂg%%ﬁ%?ﬁhﬁgpgﬂgﬁkoﬁ&ﬁondable
ring posit eodngaphastyl Gofl kualogiue syibstityted oysdotudflbipleyctipyépyiasbwényl bondabl e
ring positions, (at t carb a and at .the ni.trogen atom .. 25 In the
contextﬁ'oflcrli'ﬁldseg 5?32@%??80 dﬁ%%%qggéP%%zgﬁéwkm%g&PBG Yogﬁggggd’golyner made
fro (rjn onehnmwml -Qa—prEpd’nlyE&aﬂﬁhﬁL—l-bﬁ:rﬂéﬁﬂ @H@fhéﬁyi—?ﬁrc?jﬁn{dr(ﬁméﬁltﬁ)gtmﬁsl g
T s L D R
t2 862/ '1 %gg%&%ﬂ/ﬂg&g%@%&%?&@%ﬁﬂ% oo RADIMPIRAG!, hRt18RMy [h11 onal WO

and para-methylphenyl; dimethylphenyl would include 2,3-dimethylphenyl, 2,4-

15 dimethylphenyl, 2,5-dimethylphenyl, 2,6-diphenylmethyl, 3,4-dimethylphenyl, and

3,5-dimethylphenyl.

A "ring carbon atom" is a carbon atom that is part of a cyclic ring structure.
By this definition, an indenyl ligand has nine ring carbon atoms.

20 A "bondable ring position” is a ring position that is capable of bearing a
substituent or bridging substituent. For example, cyclopenta[]thienyl has five
bondable ring positions (at the carbon atoms} and one non-bondable ring position (the
sulfur atom); cyclopenta[d]pyrrolyl has six bondable ring positions (at the carbon
atoms and at the nitrogen atom).

25 In the context of this document, "homopolymerization" would produce a
polymer made from one monomer. For example, homopolymerization of propylene
would produce homopolypropylene. Homopolymerization of ethylene would
produce homopolyethylene. It should be noted, however, that some of the catalysts of

this invention homopolymerize ethylene or propylene to non-traditional



8 "pol yet hyl ene” and "pol ypropyl ene"” structures, respectively. Likew se,
"copol yneri zati on" would produce polyners with nore than one nononer type.
For exaM{f? #05418¢0F ene copol yners include pol ymers of etPGIVER2005605653
a-olefins, cyclic olefins and diolefins, vinylaromatic olefins, a-olefinic
diol efins, substituted a-olefins, 5 agd/or acetylenically unsaturated
nononmers. Non-limting exanples of a-olefins include propyl ene, 1-butene, 1
- pentene, 1-hexene, 1-heptene, 1l-octene, 1-nonene, 1- decene, 1-undecene

1- dodecene, 1-tridecene, 1-tetradecene, 1-pentadecene, |- hexadecene,

1- hept adecene, 1-octadecene, 1-nonadecene, 1-eicosene, 1-heneicosene,

| -docosene, 1-tricosene, 1-tetracosene, 1-pentacosene, 1-hexacosene,

1- heptac Oslﬂﬂﬁaﬂl)il&le?-’-aﬁﬂt“?&gﬁﬁ@?len&“ NAOALES PodPectively! ITARGHEENE,

4-met hyl - | - pentene,  3- et %I- - pent ene, _5-nethKI-I-nonene,

3, 5, 5- t ri reoPplymerizaiond yeould progpes polpres Frith magedhan, onemerapetyRm o
Non-1limti | ' .ol efi.ns i de ,.cycl obut ene,
Cyel opent RIS TR Bhofid fiRue el s Rnl ot Greu L

cycl odeceprfind@id@oRARs, vinylRbitio oleiadensiefigicHBbBiAS ¥isanead @ ¥efird, 15
met hyl cycl opent ene, vinyl cycl ohexane, norbomadi ene, di cycl opent adi ene, 5-

et hyl i denaadlenasetybanicadly wisatyiatodahaioseen Y orblimiting exampbesiud veolefing | 3-

di vi nyl cycl opent ane, 1. 2-di vinyl cycl phexane, .1, 3-di.vi nyl cycl ohexane, 1, 4-

i vi ol oy EBRE BB eng. LBaE el betien GORE, 1-EERIFTS 1 o Pr ey exane. 1, 4-
di al | yI cygbhe amtiecdnel-Hodevnd) 1 iilidorhd, Q0ekaRenc2 1 Dehtadedthal 1-y| cycl ooct ane.
Non 20 limting exanples of vinylaromatic olefins include styrene,

par a- met hj¢zadeecanel -hgmadecene, hraciadasepe.dneonageeppenbpieospprelrbeneidosstie; ol uene,
Ratitals ! e IYRLITES el ud
1"4- hex ol SREHeE 3w, Thcrahten IR SBech, RSBl T A1 02

6- met hiypl - 1;o6tabegehadi-soracosend,- triaadhitenee4-nTethydt yéntdne/ 3 andthadt lepenterik, 9-

decadi ene, 1,11-dodecene ..13-t etradecene an -nmet hyl -1, 9- decadi ene.

Substi t ut éan‘?é%‘;lél-'ﬂ?@w 3.6 'ézf’g’(?ﬂﬁfg"}l T@Wuﬁ’@?’ﬁ’é’%&ge’ﬁw&%‘dcont ai ni ng

(X- ol ef i Nghyindedodkhe!l MNIHElIBRIMEBKAIPESs ofdycli6 BRHind BRI ARMEfEA IRAMeG oup 13 to 17
atom bound to a carbon atom ot the substituted cc-ol efin where such

subst i t ut Pysiohutens; eyclapenieag, ayelohercascieloheptenr: cydopatens, exsenodene er i nal to
the doubl gy BoNdene? hoBBMMRE Lriethy RSl RRe, ARG fopelthds-on Of

15 methylcyclopentene, vinylcyclohexane, norbornadiene, dicyclopentadiene, 5-
ethylidene-2-norbomene, vinylcyclohexene, 5-vinyl-2-norbornene, 1,3-
divinylcyclopentane, 1,2-divinylcyclohexane, 1,3-divinylcyclohexane, 1,4-
divinylcyclohexane, 1,5-divinylcyclooctane, 1-allyl-4-vinylcyclohexane, 1,4-
diallylcyclohexane, 1-allyl-5-vinylcyclooctane, and 1,5-diallylcyclooctane. Non-

20 limiting examples of vinylaromatic olefins include styrene, para-methylstyrene, para-
t-butylstyrene, vinylnaphthylene, vinyltoluene, and divinylbenzene. Non-limiting
examples of c-olefinic dienes include 1,4-hexadiene, 1,5-hexadiene, 1,5-heptadiene,
1,6-heptadiene, 6-methyl-1,6-heptadiene, 1,7-octadiene, 7-methyl-1,7-octadiene, 1,9-
decadiene, 1,11-dodecene, 1,13-tetradecene and 9-methyl-1,9-decadiene. Substituted

25 a-olefins (also called functional group containing o-olefins) include those containing
at least one non-carbon Group 13 to 17 atom bound to a carbon atom of the
substituted o-olefin where such substitution if silicon may be adjacent to the double
bond or terminal to the double bond, or anywhere in between, and where inclusion of

non-carbon and non-silicon atoms such as for example B, O, S, Se, Te, N, P, Ge, Sn,



non- carbon and non-silicon atons such as for exanple B, 0, S, Se, Te, N, P,
Ge, Sn, WD 2005/118605 PCT/ EP2005/005653 9 Pb, As, F, d, Br, or |, are
cont enpl a¥@doosniss0e such non-carbon or non-silicon noi ECITEP2GN5M05653
sufficiently far renoved fromthe double bond so as not to interfere with

t he coordi nati on pol yneri zation react i90n with the catalyst and so to retain
the generally hydrocarbyl characteristic. By sufficiently far renoved from
t he double 5 bond we intend that the number of carbon atons, or the nunber
of carbon and silicon atons, separating the double bond and the non-carbon
or non-silicon noiety may be 6 or greater, e.g. 7, or 8 or 9, or 10, or 11,
or 12, or 13, or 14 or nore. The nunber of such carbon atons, or carbon and

silicon atmyygs, F,CicBt)ot §drd comempined, wiiced suchadhaahnh or aoh-hdicdaubl e bond to
i edi atel y adj acent _to the non-carbon_ or ‘glg)n-si |icon to noiety. Exanples
i ncl ude algiPtissianeaHfirientaizerennvea Mo the daeble bord so asmot fqwiestere Wikt ene,

8- met hoxyqgl é&o‘r@iﬂﬁtiofneﬁoﬁ‘ﬁ%ﬁ% ¥é§%&f)@ftﬁ tic@AflysPatt b Papmoooct - | -ene, — or

conbi nati ons thereo e use o nct 1 onal group-contal ning a-ol efi ns where
t he functdeoaally ydogrbd cbiresteristico Byhsufiimenslyefabentvied fimhsthe dbotlen t he scope

of enbodi nent,s .o e, j,nvention en such ol.efins ma e i ngotporated.in
Che sans. maar iend gt e WEbeT ot AR R qE i guibel el g 0 AR
Cat al yst's Ands, B2 Mea@RBIShdna ahll Ehe BnQRKIdE @ nbn ReREIH 1AGiStyThayRd Yol ef i ns™,
T.C. Chung, et al, Polyin. Mater. Set. Eng., v. 73, p. 4637(1995), and the

masked a- df efareateronBNBIos Sofr Suar 0,053 12832, gk or ibetmers Tremwmber b
prepar at | Os'i}alg%a}regri %ngfgg,'l)%hr%gﬁéﬁ% piRdh &?&E 34 P&xﬂ@efﬁ&ﬂ'iéﬁ\%ﬁ% §apabl e of

subsequent ion, uncti onal nmacroner may be 20 used
as(graft adihckitac khetdppelepohd neiinmedigelyadiasent @ohelnpmenttoator aon-ailivoal So

incorporate a-olefrnjc.mcro oners. af up.to.2000 upi ts., For purposes
of thi 90 diBeiPle Wpleﬁ@ﬁ@ﬁﬂgﬁ%&wﬁ?‘& B aB%r?pn%g'lt‘f‘ﬁ‘bcﬁg'l'havi Eg bo7s
ner units @pge! NoreliRk oL sHEES-nlctly2hsiah RoKONBRS BidiABGyRAANGL-18ner NDre mer

units. A ner is defined as a unit of an oligonmer or polyner that originally
25 cor r espusdedinatonsiberepfe {Thgusy ol@aetidnal group-ophigning ¢-oiafing where the

POl YTt | 284, Qbnk A6 R oser 8 tnE AR Sond D oS Blin P RLopE P YRS mURY' ¢ b
of the invention when such olefins may be incorporated in the same manner as are
15 their a-olefin analogs. See, “Metallocene Catalysts and Borane Reagents in The

Block/Graft Reactions of Polyolefins”, T.C. Chung, ef al, Polym. Mater. Sci. Eng., v.
73, p. 463 (1995), and the masked a-olefin monomers of US 5,153,282, Such
monomers permit the preparation of both functional-group containing copolymers
capable of subsequent derivatization, and of functional macromers which may be

( 20  used as graft and block type polymeric segments. Copolymerization can also
incorporate o-olefinic macromonomers of up to 2000 mer units.

For purposes of this disclosure, the term oligomer refers to compositions
having 2-75 mer units and the term polymer refers to compositions having 76 or more
mer units. A mer is defined as a unit of an oligomer or polymer that ortginally

25  corresponded to the olefin(s) used in the oligomerization or polymerization reaction.
For example, the mer of polyethylene would be ethylene.
The term "catalyst system" is defined to mean a catalyst precursor/activator

pair, When "catalyst system" is used to describe such a pair before activation, it

means the unactivated catalyst (precatalyst) together with an activator and, optionally,



The term "catal yst systeni is defined to nean a catal yst precursor/activator
pair. When "catal yst system is used to describe such a pair before
activati ¥ 2006/118B%ns t he unactivated catal yst (precat alPCIYBP20esHe5653r Wit h
an. activator and, optionally, WO 2005/118605 PCT/ EP2005/ 005653 10 a
co-activator. Wien it is used to desqy be such a pair after activation, it
nmeans the activated catalyst and the activator or other charge-bal ancing
noi ety. The transition nmetal conpound may be neutral as in a precatal yst, or
a charged species with a counter ion as in an activated catal yst system 5
Cat al yst precursor is also often referred to as precatal yst, catal yst,

catal yst precursor and transition netal conpound or conplex. These words

are used atqadivetmn§8ainliyis used fodeswmibe anch & painafénastivaiios, dinsensthed

i nt erchangeab] y. cavenger is a conpoun hat is typically added to
faciIitat%ggW?éSﬂﬁbFégﬁﬁﬁﬁ 3?“%%819%@5&? %iékuﬁyg§agséﬁging i mpurities. Some
scavengers mayTkd shsafon mdaldehipsahdngy b nakfhi BRih DrebAA195! 61k t O as _
co-activators. A co-activator, that is not a scavenger, nay also be used in
conj unct i Gwrgedishecies with p peunder ipmapinganactivatebeatilast sygemye catalyst. In  sonme
enbodi gents a gq- I [ . - M i e Sl t. nmet al
corrpou%g to fo?%agggﬂég%%éﬁsg%% %’iger?g{e %#(%P]){ﬁg ﬁéﬁzg&fpgbﬁatrt\%?ﬁ’a#ag%y ér?ef erred to as
an al kyl preagsdrianeé tfahsitio fad tdifipouhd oNoowplek diThade wgrdameaed NCA) i s defi ned

to nean an anion either that does not coordinate (ot cat al yst net al
cati on orfHANEHEY. AHPAIN ARG G YT use%mtﬁﬁlﬁa%a%m .o y weakly. An NCA

coor di nat g5 MReki% &ngﬁu fglﬁfié tﬂni&?l'}'rtaﬁééd Uk ifitaRaSI o g?té%fogcan

olefinically Or acet nic nsaturat ed nononer can e it fromthe
cat al yst padymenizatidnpyretvahgiog impirities.oSdme sedvengars froy nlsa aclaspativaidns, weakl y

20 coqfdi nat.ing, conpl may be. used or contalined in the noncoordinating
ani on 0 by S RERa o fh o Ay 4R e @utln B oot £ SN HER b ol d, and
pl at i num alsddd k2B ligcomphmtibe wdsh annetivder, inlwderas Gorfindn dctint taslyéto In bor on,

al um num phosphorus, and silicon, A stoi hi.orT%tri c.activator can be either
neutral ofomegnkodimenis p gpagiiyagpyican be pre-mixed with the transition metal

compound fo form an alkylated transition metal compound, also referred to as an

alkylated invention compound.

15 Noncoordinating anion (NCA) is defined to mean an anion either that does not
coordinate to the catalyst metal cation or that does coordinate to the metal cation, but
only weakly, An NCA coordinates weakly enough that a neutral Lewis base, such as
an olefinically or acetylenically unsaturated monomer can displace it from the
catalyst center. Any metal or metalloid that can form a compatible, weakly

20  coordinating complex may be used or contained in the noncoordinating anion.
Suitable metals include, but are not limited to, aluminum, gold, and platinum.
Suitable metalloids include, but are not limited to, boron, aluminum, phosphorus, and
silicon.

A stoichiometric activator can be either neutral or ionic. The terms ionic

25  activator, and stoichiometric ionic activator can be used interchangeably. Likewise,

the tenms neutral stoichiometric activator, and Lewis acid activator can be used

interchangeably.



25 activator, and stoichionmetric ionic activator can be used

i nterchangeably. Likewi se, the ternms neutral stoichionetric activator, and
Lewi s aciwoa005/118605r can be used interchangeably. W 20B6T/ERBSSE0S653

PCT/ EP2005/ 005653 11 DETAI LED DESCRI PTI ON OF THE I NVENTION In a preferred
enbodi nent, this invention relates to %Lan5|t|on metal conpounds
represented by fornula |, where z = = 0 as represented by the 5
formulae (li): RRRRM\)m Q -L--N lv.- AXYm\ / R R RR where M
M, X, in, M, R R Q @, N and L are as defined above. In a preferred
enbodi nent, this invention relates to transition metal |0 conpounds

represented by fornula I, where z = | and z' =1 as represented by the
formul ae ( DENAIQEIRDFRORIPTIO &NRER}WEM@ONM M, X in, M, R R Q
Q N, and are as defirned above. 15 WO 18605 PCT/ EP2005/ 005653 12

In a preferred enbodinent, this invention relates to transition netal

f ﬁ gp ounds repr eﬁl%r%ﬁergﬁ e;rﬁ;o%&t,l this\‘?itfveernﬁo& reTatés t%rhqmgiltioﬁ metAS Tepresent ed by

compounds represented by formula I, where z = 0 and z' = 0 as represented by the

5 formulae (Ip):

(X)m
{ "—L—"'N

\ /

where M, M', X, m, mt, R, R' Q, Q', N, and L are as defined above.

In a preferred embodiment, this invention relates to transition metal
10 compounds represented by formula I, where z = land z' = 1 as represented by the

formulae (I;):

where M, M', X, m, m', R, R' Q, Q', N, and L are as defined above.
15



formulae (12): 5 RRR RR(XYm M --L-NCRRR R where M M, X m m,
R R Q Q N and L are as defined above. 10 In a preferred enbodi nent,
this i nvex2008118605at es to transition netal conpounds r ®ETERPMSANISE f or nul a
|, where z = 3 and z' = 3 as represented by the formulae (13): WO
20051118605 PCT/ EP2005/ 005653 13 R R RRRR R\ / ---MXmRv R/NL

R R(XYruM/ RR Q RR RR wereM M, X m mMm, R R Q @, N, and
L are as defi ned above. 5

In a preferred embodiment, this invention relates to transition metal

compounds represented by formula I, where z= 2 and z' = 2 as represented by the
formulae (I;):

where M, M, X, m,m", R, R'Q, Q", N, and L are as defined above.

10 In a preferred embodiment, this invention relates to transition metal

compounds represented by formula I, where z =3 and z' = 3 as represented by the

formulae (I5):



I n anot her enbodinent, z and z' are different. For exanple, z may be zero
and z' may be one as represented by fornulae Il: W 2005/ 118605

PCT/ EP20®0¢ @dsA530s 14 R R R R R R -N NL-N ~N R Q M >BCWEDLpos/ps63%\ / R

Q R wereM M, X in nmM, R R Q Q N, and L are as defined above. 5
In a preferred enbodinment, z = 0 and zj3 = 1, 2, or 3. In a preferred
enbodinent, z =1 and z' = 1, 2, or 3. % n a preferred enbodinent, z = 2 and
z' =1, 2, or 3. In a preferred enbodinent, z =3 and z' =1, 2, or 3. In a
preferred enbodinent, z'=0 and z =1, 2, or 3. Ina preferred enbodi nent,
z'=1and z =1, 2, or 3. In a preferred enbodinent, z' =2 and z = 1, 2,

or 3. In a preferred enbodinent, z' = 3 and 10 z=1,2,0or 3. In a preferred
enbodi nent this inventiorRrel atRs Ro traRsition netal conpounds represented
by formulae I, 10, 11, , : 1) each R group is,

i ndependent |y, selected frg ep—oonsisting of A to 15 C20
hydrocarbyls, d to SV sk and all isoners thereof,
preferably ethyl, pentyl, hexyl, septyl, octyl,
nonyl, decyl, undecyTy nethylphenyl and/or 2) each R
group is, independent consisting of d to C20
hydrocarbyls, ClL to (J al IRi soners thereof,
preferably 20 etl hexyl, septyl, octyl,
nonyl , decyl, undecyl -mand/ or WO 2005/ 118605
PCT/ EP2005/ 005653

where M, M', X, m, m', R, R' Q, Q', N, and L are as defined above.

In another embodiment, z and z' are different. For example, z may be zero and z' may

( be one as represented by formulae I:



15 2) each Qand Q is, independently, selected fromthe group consisting of
Cl to C20 hydrocarbyls, O to C20 substituted phenyls, and all isoners
t her eof ,Wpr2eé¥naelsy ethyl, nethyl, propyl, butyl, pent PCT/ER2805[005653pt y| |
octyl, nonyl, decyl, undecyl, dodecyl, phenyl, nethyl phenyl; and/or 5 3)
each X is, independently, selected frqg1the group consi sting of chlorine,
brom ne, fluorine, nethyl, ethyl, propyl, isopropyl, butyl, t-butyl, pentyl,
hexyl, phenyl, and nethyl phenyl; and/or 4) Mis Fe, Co, Pd, Cu or N,
preferably Fe, Co or Ni; and/or 5) M is Fe, Co, Pd, Cu or Ni, preferably
Fe, Co or N; and/or 10 6) L is a substituted or unsubstituted aryl group.
I n one enbodi nent, the substituted or unsubstituted aryl group (L) is
selected fro t he oup consisting of: J® a nofparyl unit unsubstituted,
partially sub8ty or fully substituted\with/a 15 nunber of R
{ous posiRtions the rj where each R group is,

m the group copsi stinyg of a hydrogen, a hal ogen,
octyl, nonyl,

1Rs, and all isoners
, pentyl, hexyl, septyl,
und ¥\e hé
exanpl e i ncl udes ary ups represe d /QO by
(3) where the“tashed a1|nd|cat heN% ds
formulae I, lo, 11, 12, 13, and || above?Q?}\

met hyl@henyl, a preferred
he fgrmula (3): RR RR
itrogen atons in
aryl_unit sel ected
fromthe group consisting of the C10 to C22 fu
units, unsubstituted, partially substituted or ubstituted WO
2005/ 118605 PCT/ EP2005/ 005653 16 with a nunber substituents on various
positions of the ring, where each R group Q' R

thereof, prefe

Fomat i ¢ hydr ocar byl

where M, M', X, m, m', R, R' Q, Q', N, and L are as defined above.

5 In a preferred embodiment, z= 0 and 2' = 1, 2, or 3. In a preferred
embodiment, z=1and z' = 1, 2, or 3. In a preferred embodiment, z=2 andz'= 1, 2,
or 3. In a preferred embodiment, z=3 and z'= 1, 2, or 3. In a preferred embodiment,
zZ=0andz=1,2,or3. In apreferred embodiment,z’=landz=1,2,0r3. Ina
preferred embodiment, z' =2 and z= 1, 2, or 3. In a preferred embodiment, z' =3 and

10 z=1,2,0r3.

In a preferred embodiment this invention relates to transition metal

compounds represented by formulae I, Ip, 1;, I, I5, and II above where:

1) each R group is, independently, selected from the group consisting of C1 to
15 C20 hydrocarbyls, C1 to C20 substituted phenyls, and all isomers thereof, preferably

ethyl, methyl, propyl, butyl, pentyl, hexyl, septyl, octyl, nonyl, decyl, undecyl,

dodecyl, phenyl, methylphenyl; and/or

2) each R’ group is, independently, selected from the group consisting of C1 to

C20 hydrocarbyls, C1 to C20 substituted phenyls, and all isomers thereof, preferably
20 ethyl, methyl, propyl, butyl, pentyl, hexyl, septyl, octyl, nonyl, decyl, undecyl,

dodecyl, phenyl, methylphenyl; and/or



is, independently, selected fromthe group consisting of a hydrogen, a

hal oge

n,

G to C30 hydrocarbyls, Cl to C30 substituted phenyls, and al

i soners tywereddiseusef erably ethyl, nethyl, propyl, butyrcT/RRROSH0S63EXY] ,

septyl

octyl, nonyl, decyl, undecyl, 5 dodecyl, phenyl, nethylphenyl, a

preferred exanple includes aryl groupgsrepresented by the fornmula (4): R

\' / t. R R (4) where the dashed lines indicate the bonds to the nitrogen
atons in fornulae I, To, 11, 12, 13, and Il above; io 3) two aryl units
bridged by a substituted or unsubstituted al kyl group, selected fromthe
group consisting of d to C30 hydrocarbyls, and all isomers thereof,

preferably ethyl, nmethyl, propyl, butyl, pentyl, hexyl, septyl, octyl,
deyl, «avid@cand Q' dydwdeptndentiyl skiectet &romihe peoup consitiirg «offCIRo

bstit i iLi f th yl ri t | kyl
br i dge.  wiieRd RS U a0t apE et 91 Sowrisabaett PORRTE or oup
const st ngsyl RUASRIDyl bulit! RABN sl bnE R HNRGREY bijec L 1o C30

nonyl ,

substituted phe an I soners” t hereof,” pre

y ethyl, nmethyl,

R

propyl, bulodecylgmhenyl, methydplenylset/gn , octyl, nonyl, decyl, undecyl, dodecyl,

s TPl ey 2B agh SR ut Bt Sro Dt o TR R R TR R T

phenyl
by the
R *R

10

13

20

25

bromine, fluorine, methyl, ethyl, propyl, isopropyl, butyl, t-butyl, pentyl, hexyi,
phenyl, and methylphenyl; and/or

4) M is Fe, Co, Pd, Cu or Ni, preferably Fe, Co or Ni; and/or

5) M is Fe, Co, Pd, Cu or Ni, preferably Fe, Co or Ni; and/or

6) L is a substituted or unsubstituted aryl group.

In one embodiment, the substituted or unsubstituted aryl group (L) is selected from
the group consisting of:

1} a monoaryl unit unsubstituted, partially substituted or fully substituted with a
number of R substituents on various positions on the ring, where each R group is,
independently, selected from the group consisting of a hydrogen, a halogen, C1 to
C30 hydrocarbyls, C1 to C30 substituted phenyls, and all isomers thereof, preferably
ethyl, methyl, propyl, butyl, pentyl, hexyl, septyl, octyl, nonyl, decyl, undecyl,
dodecyl, phenyl, methylphenyl, a preferred example includes aryl groups represented
by the formula (3):

R R (3)

where the dashed lines indicate the bonds to the nitrogen atoms in formulae I, I, I,
I, I, and II above;

2) a fused aryl unit selected from the group consisting of the C10 to C22 fused
aromatic hydrocarbyl units, unsubstituted, partially substituted or fully substituted

\



R R (5) where the dashed lines indicate the bonds to the nitrogen atons in
formulae I, To, 11, 12, 13, and Il above; 4) two aryl units bridged by an
unsat ur avaslizdegdissesr bon group (which may be 5 substit utped/EP2005/005653
unsubstituted), selected fromthe group consisting of d to C30
hydrocarbyls, O to C30 substituted p{1 nyls, and all isoners thereof,
preferably ethyl, nethyl, propyl, § pentyl , hexyl, septyl, octyl,
nonyl, decyl, undecyl, dodecyl, phenyl nmet hyl phenyl, further where a
nunber of R substituents are on various positions of the aryl rings or on
t he hydrocarbon bridge, where each R group is, 10 independently, sel ected
fromthe group consisting of hydrogen, a hal ogen, to C30 hydrocarbyls,
C to C30 j I &N S%)&Fr ﬂcﬁﬁf r &l et hyl ,
met hyl , pﬁ%&ﬁ%%%sﬁgggent yei%ts hex;;ll%é gd) of ¢ octy §Q\f_}h§%ﬁoﬁfa€ﬁ§ecy+]¥ undecyl :
dodecyl , igimddagéndentis, isglegthd frpin thagmupfcensmdlge)fariwﬂmgen,cﬂ hadwnaﬁif fto gr oups

r epr esent t he I 6).: .. R,R RRRRRRR wher e

t he das heggp?‘&%@c?rhd\f Cgﬁ ?%(é: ‘h’&ﬂé‘gedtpd’e’?ﬁ@ ngldﬁaﬁeféﬁt?ﬁ? ’llﬁeflﬁbﬁb I ae I, o,

11, 12, %@y @f%)}llprﬁpﬂvﬁﬁyﬁge@l h&@l%&p{dﬂ oyl ShoR ¥, desd, diesylf used aryl unit
seI ect ed fromt e fused ar units "having ten or nore carbon atons,

unsubstsi t dedagyl, phemil.ansthyly ;iapuefegred exqmple nciydes s Buorgs opresented

PCT/ EPZOO{gg?%Sfﬁgﬁum?@ substituted with a nunmber of R substituents on various
positions eri where each R group is, independently, selected from
the group consisting of a hydr oge

| R R (4)
where the dashed lines indicate the bonds to the nitrogen atoms in formulae I, I, I,
I, I, and II above;

10 3) two aryl units bridged by a substituted or unsubstituted alkyl group, selected
from the group consisting of C1 to C30 hydrocarbyls, and all isomers thereof,
preferably ethyl, methyl, propyl, butyl, pentyl, hexyl, septyl, octyl, nonyl, decyl,
undecyl, dodecyl, and further where a number of R substituents are on various
positions of the aryl rings or on the alkyl bridge, where each R group is,

15 independently, selected from the group consisting of hydrogen, a halogen, C1 to C30
hydrocarbyls, C1 to C30 substituted phenyls, and all isomers thereof, preferably ethyl,
methyl, propyl, butyl, pentyl, hexyl, septyl, octyl, nonyl, decyl, undecyl, dodecyl,
phenyl, methylphenyl, a preferred example includes aryl groups represented by the
formula (5):

20



hal ogen, C to C30 hydrocarbyls, C to C30 substituted phenyls, and al
isonmers thereof, preferably ethyl, methyl, propyl, butyl, pentyl, hexyl,
septyl, owoylops/msessl , 5 decyl, undecyl, dodecyl, phenyl,ropEPopbesesd , a
preferred exanpl e includes aryl groups represented by the fornula (7): RR
R R R R () where the dashed |ines indifﬁte t he bonds to the nitrogen atons
in formulae 1, L, I,, 10 12, 13, and 11 above; 6) two aryl rings bridged by
a polyaryl unit in which the polyaryl unit is selected fromthe group
consi sting of one or nore aromatic rings, unsubstituted, partially
substituted or fully substituted with a nunber of R substituents on various
positions of the rings, where each R group is, independently, selected from
the group consisting of 15 a hydgogen, a hal ogen, Cl to C30 hydrocarbyls, Cl
to C30 substituted PhenYis> and | al I"\j gonerfs thereof, preferably ethyl,
met hyl , propyl, butyl, pentfy p Btyl, nonyl, decyl, undecyl,
dodecyl, phenyl, nethyl phenyl dnpl e includes aryl groups
represented by the fornula (8 RRRR (8 W 20051118605
PCT/ EP2005/ 005653 19 wher g« i idj cate the bonds to the
nitrogen atons in formulae I, 13, and Il above; 7) two aryl
rings bridged by a nethylene unig in whichghe neg | ene unit contains one
or two R groups selected from hydrogen, hal ogen, CI to C30 5 hydrocarbyls,
Cl to C30 whbstthé dishel iriesiydisate drethoatld tol thonimoged ftenwsdd for(muiaeflchdlpl v et hyl,
met hyl , prﬁpﬁl,(ﬁﬁégl,_pentyl, hexyl, septyl, octyl, nonyl, decyl, undecyl,
dodecyl , pHeryf® it phenyl ), preferably substituted phenyl with one or
nor g f luncnj ?nakwezﬁgl iR WPRIg&Eh e ffkaturRBd hitRoShBsPeBaR sVEiLh Ay®t hal i de,
carbonyl, nitro,

r’ Y 5 substituted or unsubstituted), selected from the group consisting of C1 to C30

hydrocarbyls, C1 to C30 substituted phenyls, and all isomers thereof, preferably ethyl,
methyl, propyl, butyl, pentyl, hexyl, septyl, octyl, nonyl, decyl, undecyl, dodecyl,
phenyl, methylphenyl, further where a number of R substituents are on various
positions of the aryl rings or on the hydrocarbon bridge, where each R group is,

10 independently, selected from the group consisting of hydrogen, a halogen, C1 to C30
hydrocarbyls, C1 to C30 substituted phenyls, and all isomers thereof, preferably ethyl,
methyl, propyl, butyl, pentyl, hexyl, septyl, octyl, nonyl, decyl, undecyl, dodecyl,
phenyl, methylphenyl, a preferred example includes aryl groups represented by the
formula (6):

15

6)
where the dashed lines indicate the bonds to the nitrogen atoms i formulae I, I, I,
I, I, and II above,
20 5) two aryl rings bridged by a fused aryl unit selected from the fused aryl units

having ten or more carbon atoms, unsubstituted, partially substituted or fully



hydroxyl, am ne, thiolate, carboxylic acid, ester, ether, where the R groups
on the 10 bridged aryl groups can be selected froma hydrogen, a hal ogen, C
to C30 wodommssl s, CL to C30 substituted phenyls, an#CuiEP2005003553
thereof, preferably ethyl, nethyl, propyl, butyl, pentyl, hexyl, septyl,
octyl, nonyl, decyl, undecyl, dodecyIS phenyl , net hyl phenyl, substituted
phenyl, a preferred exanpl e |ncludes aryI groups represented by the formul a
(99: RR RRRI I R i \V1\ R R15 RR (9) where the dashed lines

i ndicate the bonds to the nitrogen atons in formulae I, lo, rl1, 12, 13, and
Il above; 8) two diaryl units bridged by a heteroatom X (X = 0, NR PR, S,
BR, AIR, SIiR2) in which a nunber of R substituents may be on vari ous

posi t i onssubstituked With & atmabaatf®gubeditaerts emcm&ﬁsgro@iupn& of the nigdgyevigdent | v,

| ected f th t f d hal d to C30
Py el ocar bACH R E9p G GSGPEHBRNY. CEIEBE TR SToUPEABSERE CAORBFEiRr cof
pr ef er abl Hal@ééi&Y C L etS’?Bhlhly 39&9?1%' clheny%/d sub%ﬁ&%ﬂ &?J@F Ydnd a?lerélhﬂérs octyl,

nonyl, decyl; ecy a preferred exanple
i ncl udes thexeof, gxrdigpblyr @bylemethb'b@rdwl fomaﬂ flmlm]d eex L 69ty et 0euiyl .1 8605

PCTI EP%OOéécg 56§ecy1 2d(())decyllQ phen;'i meﬂlylphenyl a preferre{i ex%mple includes aryl

groups represented by the formula (7):

(7)
where the dashed lines indicate the bonds to the nitrogen atoms in formulae 1, I, I,

10 1, I3, and II above;
6) two aryl rings bridged by a polyaryl unit in which the polyaryl unit is selected
from the group consisting of one or more aromatic rings, unsubstituted, partially
substituted or fully substituted with a number of R substituents on various positions of
the rings, where each R group is, independently, selected from the group consisting of

15  ahydrogen, a halogen, C1 to C30 hydrocarbyls, C1 to C30 substituted phenyls, and
all isomers thereof, preferably ethyl, methyl, propyl, butyl, pentyl, hexyl, septyl,
octyl, nonyl, decyl, undecyl, dodecyl, phenyl, methylphenyl, a preferred example
includes aryl groups represented by the formula (8):

LN




where the dashed lines indicate the bonds to the nitrogen atons in fornul ae
I, lo, li, 12, 13, and Il above; 9) two aryl units bridged by a heteroatom
or hetros@eoosameds ni ng fragment X 5 (X = 0, NR PR SPCBEP2ISRISESE R2) and
one or nore hydrocarbon sections, selected fromthe group consisting of C
to C30 hydrocarbyls, O to C30 substitmted phenyls, and all isoners
thereof, preferably ethyl, nethyl, propyl, butyl, pentyl, hexyl, septyl,
octyl, nonyl, decyl, undecyl, dodecyl, phenyl, nethylphenyl, where a nunber
of R substituents are on various positions of the aryl rings, the

hydr ocarbon bridge or the to hetereoatom and where each R group is,

i ndependent|ly, selected fromthe %roup consi sting of a hydrogen, a hal ogen,
C to C30 Wb%tﬁ(ﬂ&d%bﬁ’%lmf@hmh@ﬂt@@ ondssipitha mitrdgenstiemy irsformntae &1, Ii,soner s

t her eof i ¥h§%hyl met hyl , propyl, butyl, pentyl, hexyl, septyl,
octyl, nony 13’d%cy uhdecyl , dodecyl phenyl nethylphenyl a preferred
exarrpl e inp) Udeﬁvcﬁiryl rigdsidged BP& ﬁﬁﬂﬂr\le@ﬁ ubit irk Wﬁlcﬁ%éﬂﬁbﬁxy(eﬁé)!mtR RRRRR
... V' X\ R, RR/ R~ 15 R (11) _where the dashed lines indicate the
bonds to t$Rataing QszgfeﬁWatRosreuwereer%ﬁ%hrdroa@, halegen, C3 10 C30 and 11 above; WD
2005/ 11§60%£%§Rggﬂh 0%@5133’[ %Hén }s\’\@ncﬁaﬁy sorHQ:lsttﬁerQJf' @Q&grag one or more

eterocyc cont al ni ng one’ heteroatons

X (X = 0, etmrl a@)hyl,v;ﬂnqr}é, tuitd, pemt)é,rhrabrl Bemgsocrmlnnoﬂ;.é deoglbsddcylit ed, partially
substitute subst i t ut d a at ur arti.all unsat urated or
aronmati c, g E$%%%?%éﬁﬁmh ?¥E§W 8PQE aV%I%"(Sﬂ?g’rﬁosition 5 of
the aryl rfRefonalibed ﬁtﬁdﬁsoéé%{éﬁrﬁoﬁ{ trﬂggeo@rcohmﬂgedﬁraﬁ@@camonﬂpﬂiﬁwer e each R

group
( hydroxyl, amine, thiolate, carboxylic acid, ester, ether, where the R groups on the

10 bridged aryl groups can be selected from a hydrogen, a halogen, C1 to C30
hy&rocarbyls, C1 to C30 substituted phenyls, and all isomers thereof, preferably ethyl,
methyl, propyl, butyl, pentyl, hexyl, septyl, octyl, nonyl, decyl, undecyl, dodecyl,
phenyl, methylphenyl, substituted phenyl, a preferred example includes aryl groups
represented by the formula (9):

15 3]

L where the dashed lines indicate the bonds to the nitrogen atoms in formulae 1, I, I,
L, I, and II above;
8) two diaryl units bridged by a heteroatom X (X = O, NR, PR, S, BR, AIR,
SiR;) in which 2 number of R substituents may be on various positions on the

20  heteroatom, where each R group is, independently, selected from the group consisting

of hydrogen, a halogen, or Cl to C30 hydrocarbyls, C1 to C30 substituted phenyls,
and all isomers thereof, preferably ethyl, methyl, propyl, butyl, pentyl, hexyl, septyl,
octyl, nonyl, decyl, undecyl, dodecyl, phenyl, methylphenyl, a preferred example
includes aryl groups represented by the formula (10):



is, independently, selected fromthe group consisting of a hydrogen, a

hal ogen, C to C30 hydrocarbyls, O to C30 substituted phenyls, and al

i somers WRPEHMIB6RT ef erably ethyl, nethyl, propyl, but WCT/kre0és0d0seszexyl ,
septyl, octyl, nonyl, decyl, undecyl, dodecyl, phenyl, nethylphenyl, a
preferred exanpl e includes aryl grou represented 10 by the formula (12):
R RRRXRRRR(12) where the dashed lines indicate the bonds to the
nitrogen atons in formulae I, lo, 11, 12, 13, and 11 above; 15 11) two aryl
units bridged by a netall ocene (conprising two cycl opentadi enyl groups and
a netal (M fromGoup 4 to Goup 9 of the Peroidic Table, preferably Fe)
section in which the aromatic rings can be unsubstituted, partially
substituted or fully substitd@ed with a nBnber of R substituents on various
position of the aryl or the vcl opent adi epyl and where each R group is,

i ndependently, selected Re greup 20 QQDS|st4ng of hydrogen, a hal ogen
C to C30 hydrocarbyls, C3r'substy gaYyphenyl s, and all isoners

t hereof, preferably ethyl, yl, pentyl, hexyl, septyl,
octyl, nonyl, decyl, undeQ ,,nethylphenyl a preferred
exanpl e includes aryl grbups 'ed Dyt he *for nul a (13) WO 2005/ 118605
PCT/ EP2005/ 005653 22 R R M (J13) where the dashed lines indicate the bonds
to the nitrogen atons in formdae I, 10, 14, 12, é%) and Il above; and

where the dashed lines indicate the bonds to the nitrogen atoms in formulae I, Iy, I;,
1o, I, and IT above;
9) two aryl units bridged by a heteroatom or hetroatom-containing fragment X

5 (X=0,NR,PR, S, BR, AlIR, SiR;) and one or more hydrocarbon sections, selected
from the group consisting of C1 to C30 hjrdrocarbyls, C1 to C30 substituted phenyls,
and all isomers thereof, preferably ethyl, methyl, propyl, butyl, pentyl, hexyl, septyl,
octyl, nonyl, decyl, undecyl, dodecyl, phenyl, methylphenyl, where a number of R
substituents are on various positions of the aryl rings, the hydrocarbon bridge or the

10 hetereoatom, and where each R group is, independently, selected from the group

consisting of a hydrogen, a halogen, C1 to C30 hydrocarbyls, C1 to C30 substituted
phenyls, and all isomers thereof, preferably ethyl, methyl, propyl, butyl, pentyl, hexyl,
septyl, octyl, nonyl, decyl, undecyl, dodecyl, phenyl, methylphenyl, a preferred
example includes aryl groups represented by the formula (11):

R

15 R (11)
where the dashed lines indicate the bonds to the nitrogen atoms in formulae I, I, 1;,

I, I3, and II above;



5 12) two aryl units bridged by an a-diimne, a imnopyridine, a

bi s(i mno)pyridine or a polypyridine group coordinated to a netal dihalide
where thWoRaaN1gN is selected from Goup 8 to G oup PCTEHP203403S3 | odi
Tabl e, where the imno carbons or the pyridine rings can be unsubstituted,
partially substituted or fully substi? ted with a nunber of R substituents
on various positions of the aryl, whe each R group is, 10 independently,
selected fromthe group consisting of hydrogen, a halogen, d to C30
hydrocarbyls, O to C30 substituted phenyls, and all isoners thereof,
preferably ethyl, nmethyl, propyl, butyl, pentyl, hexyl, septyl, octyl,
nonyl, decyl, undecyl, dodecyl, phenyl, methylphenyl, a preferred exanple
i ncl udes amyl Gwoupd uﬁﬁﬁlﬁrﬁiig,%ﬂﬂa@drnbbrhi&?e 54 60 SR-Meinbéded Haterd RiRingd R R R R
R/ \' N | Re NN RRXXRX\ R RR 15 R (14), WO 2005/118605
PCT/ EP2005PU613¥5‘%°H°28 mve heteropomas KEd Pi NBsBRAGVIeae thetinermabrags @8 t he

ni t rogen r I anot her
enbodi man'?) %%%Jﬁgmg&’ %ﬁﬁhéeubggiﬁgd Jr’ful%%.;{bﬁ%trﬁted%g 3&{“@%&%%11%% m are 5

t he sane. uhmmmﬁrmmrmﬂﬁmmnﬂammre h/hamﬁer Iamdastmemsamaon vanoampbdiMn

enmbodi nent nd S ther are the
same; m afd ﬂ}ﬂ%'glrré“ggc L%%f bﬂﬂ‘aﬁ% ?ﬁge‘%a&ﬁ‘ﬁ’ “gin‘ﬂ ﬁ?ﬁzg“ I&TO&Pe t he
sane. In 3064, En&ﬂf\]f%l@@t@&ﬁoﬁ ﬁa@%r&lp &hﬁsﬁﬁ?o og%ﬁdz{ Hiloﬁ@na@‘i’ il are the

same; and/ or
C30 hydrocarbyls, C1 to C30 substituted phenyls, and all isomers thereof, preferably
ethyl, methyl, propyl, butyl, pentyl, hexyl, septyl, octyl, nonyl, decyl, undecyl,
( dodecyl, phenyl, methylphenyl, a preferred example includes aryl groups represented
10 by the formula (12):

R R ( 1 2)
where the dashed lines indicate the bonds to the nitrogen atoms in formulae I, Iy, I;,

I, I, and II above;

p—

15 11)  two aryl units bridged by a metallocene (comprising two cyclopentadienyl
groups and a metal (M) from Group 4 to Group 9 of the Peroidic Table, preferably
Fe) section in which the aromatic rings can be unsubstituted, partially substituted or
fully substituted with a number of R substituents on various position of the aryl or the
cyclopentadienyl and where each R group is, independently, selected from the group

20 consisting of hydrogen, a halogen, C1 to C30 hydrocarbyls, C1 to C30 substituted
phenyls, and all isomers thereof, preferably ethyl, methyl, propyl, butyl, pentyl, hexyl,
septyl, octyl, nonyl, decyl, undecyl, dodecyl, phenyl, methylphenyl, a preferred

example includes aryl groups represented by the formula (13):



are the sane; and/or Q and Q are the sane. 10 In anot her enbodi nent, z and
z' are different. hi another enbodinent, mand m are different. In another
enbodi mMO 20081 a8@5\Ware different. I n another enbodi nent PCTEP2G50E365F e
different. In another enbodinment, z and z' are different; mand m are
different; Mand M are different; anﬁ Qand Qare different. In another 15
enbodi nent, z and z' different; and/of mand mi different; and/or Mand M
are different; and/or Qand Qdifferent. In a preferred enbodi nent, each R
i s independently selected fromthe group consisting of nethyl, ethyl,
propyl, isopropyl, butyl, pentyl, hexyl, septyl, octyl, 20 nonyl, decyl,
undecyl, phenyl, and nethyl phenyl. In a preferred enbodinent, R is selected
fromthe group consisting of methyl, ethyl, propyl, isopropyl, butyl,
pentyl, hexyl, septyl, octyl, nonyl, decyl, undecyl, phenyl, and
met hyl phenyl. 25 In a preferred enbodi ment , & nd Q is independently
sel ected fromthe group consisting of nethy , propyl, isopropyl,
butyl, pentyl, hexyl, septyl, octy nonyl , undecyl, phenyl, and
met hyl phenyl . WO 2005/ 118605 PCT/<cERQDM005E -R-a preferred
‘enbodi ment, each X and®{ X is R \ 40 fromthe group
consi sting of chlorine, ' e net hyl, ethyl porpyl,
i sopropyl, butyl, t-b yl. 51n a preferred
enbodi mrent, M and M...8 rom t he group consisting
of iron, cobalt, nickel @ copper. In a preferred enbodi nent,
R R, Q Q, X X, MY¥r—gnd L are each independently selected from Table
1 below. to Table 1 R X

(13)

where the dashed lines indicate the bonds to the nitrogen atoms in formulae I, Ty, 1;,

Iz, I, and II above; and

5 12}  two aryl units bridged by an a-diimine, a iminopyridine, a bis(imino)pyridine
or a polypyridine group coordinated to a metal dihalide where the metal (M) is
selected from Group 8 to Group 11 of the Periodic Table, where the imino carbons or
the pyridine rings can be unsubstituted, partially substituted or fully substituted with a
number of R substituents on various positions of the aryl, where each R group is,

10 independently, selected from the group consisting of hydrogen, a halogen, C1 to C30
hydrocarbyls, C1 to C30 substituted phenyls, and all isomers thereof, preferably ethyl,
methyl, propyl, butyl, pentyl, hexyl, septyl, octyl, nonyl, decyl, undecyl, dodecyl,
phenyl, methylphenyl, a preferred example includes aryl groups represented by the
formula (14):

15




" L ethyl chlorine Iron henyl ethyl brom ne Cobalt 2,5-dinethyl phenyl
ropy, fluorine Nickel 2,3,5, 6-tetranethyl phenyl isopropyl iodine Palladium
napht al eiwWO 2095{ty8605ret hyl Copper ant hracenyl pentyl et hyOI/ERSSNS6Sacenyl
hexyl ropy! chrysenelyl septyl isopropyl triphenylenyl octyl butyl
di phenyl net hyl enyl onyl -butyl D -(398ethyl phenyl)-urethan decyl pentyl
I - (3, 5-di net hyl phenyl)-nmethan undecyl exyl
i -(3,5-diisopropylyl phenyl)-urethan (3-nethyl phenyl) (3,5- henyl phenyl
di i sopropyl yl phenyl) - net han et hyl epheny (3, 5-di net hyl phenyl) (3,5- 1
di i sopropyl yl phenyl)-nmethan 1,1'-(1, 2-et hanedi yl ) bi s-benzene WO 2005/ 118605
PCT/ EP2005/ 005653 25 3,5,3',5' -tetranethyl- 1, 1'-(1, 2-
et hanedi y| yhirs thealashaddine8 irgli@its the bomdsria ileoptroganl atdmd in fotmelae I, I, I,
t hanedi yl ) pbis-b ne 1,1 -(1, 3-propanediyl)bis-benzene
Bl AR e

3,5,3,5 - ,1'-(1, 2- ethanediyl)bis-benzene
3,5,3,5 -tetraisopropyl-1,1'-(1, 3- ropanedi yl)bi s-benzene
In another embodiment, z and z' are the same. In another embodiment, m and m' are
5 thesame. In another embodiment, M and M' are the same. In another embodiment,
Q and Q' are the same. In another embodiment, z and z' are the same; m and m' are
the same; M and M’ are the same; and Q and Q' are the same. In another
embodiment, z and z' are the same; and/or m and m' are the same; and/or M and M’
{ are the same; and/or Q and Q' are the same.
10
In another embodiment, z and z' are different. In another embodiment, m and m' are
different. In another embodiment, M and M' are different. In another embodiment, Q
and Q' are different. In another embodiment, z and z' are different; m and m’ are
different; M and M' are different; and Q and Q' are different. In another
15 embodiment, z and 7' different; and/or m and m' different; and/or M and M" are

different; and/or Q and Q' different.

In a preferred embodiment, each R is independently selected from the group
consisting of methyl, ethyl, propyl, isopropyl, butyl, pentyl, hexyl, septyl, octyl,
20 nonyl, decyl, undecyl, phenyl, and methylphenyl.

In a preferred embodiment, R' is selected from the group consisting of methyl, ethyl,
propyl, isopropyl, butyl, pentyl, hexyl, septyl, octyl, nonyl, decyl, undecyl, phenyl,
and methylphenyl.

25
In a preferred embodiment, each Q and Q' is independently selected from the group
consisting of methyl, ethyl, propyl, isopropyl, butyl, pentyl, hexyl, septyl, octyl,
nonyl, decyl, undecyl, phenyl, and methylphenyl.



1,1'-(1, 2-ethenedi yl ) bi s-benzene 3,5,3" ,5 -tetranethyl-(1, 2-ethenediyl)bis-
enzene 3,5,3",5 -tetraisopropyl-(1, 2-ethenediyl)bis- enzene

1, 1" - (1, wO20Ry/H8@0Sy | ) bi s- benzene 3, 5, 3', 5'-tetranmet RETEF2005/0053653 -

t hynedi yl ) bi s- benzene 3,5,3",5 -tetrai sopropyl -1, 1'-(1, 2-

et hynedi yl ) bi s- benzene 11,6-diphenylzgaphthalene

1, 6-di - (3, 5-di net hyl phenyl ) - napht hal efie

1, 6-di-(3,5-diisopropyl phenyl)-napht hal ene
3, 6-di - (3, 5-di net hyl phenyl ) - phenant hr ene
3,6-di-(3,5-diisopropyl)-phenanthrene 1,1'-biphenyl

3,5,3,5 -tetranethyl -1, 1" -bi phenyl 3,5,31,5 -tetrai sopropyl- 1,

| ' - bi pheng a plefertéd dnbollithbitesaeh onaid NGs 2QRBEAEREP B BGId ERRAAASLRAPO53 26
3,5",6"-tetranpthyl-{l,l ;4,1 "]terphenyl 3,5",6"-tetraisopropyl- [ 1,1';
4',1 "] teppmging ofghlogng byemipe, sjuorie, oding;, methylethyl pawyhdeapsgnyd, [ 1,1' ;4,1

"1 ter pheﬂﬁt!yl,[tgbuﬂl};}enﬁl,;l'fgiyﬂaﬁ&lnﬂéh%ﬁ.er phenyl ,3,5"",6"'-tetradecanet hyl -

3, 6-di phenyl - phenant hr ene

5 In apreferred embodiment, M and M' is independently is selected from the group

consisting of iron, cobalt, nickel, palladium, and copper.

In a preferred embodiment, R, R', Q, Q', X, X', M, M' and L are each independently

selected from Table 1 below.

10 Tablel
X L
chlorine plron Mphenyl
romine [Cobalt 2,5-dimethylphenyl
fluorine kickel 2.3,5,6-tetramethylphenyl
iodine alladium {naphtalenyl
methyl |Copper {anthracenyl
ethyll henantracenyl
ropyl chrysenelyl
isopropyl triphenylenyl
utyl diphenylmethylenyl
-butyl Di-(3-methylphenyl)-methan
entyl Di-(3,5-dimethylphenyl)-methan
exyl IDi-(3,5-diisopropylylphenyl)-methan
(3-methylphenyl)(3,5-
henyl wphenyl diisopropylylphenyl)-methan
methylepheny (3,5-dimethylphenyl}(3,5-
1 diisopropylylphenyl)-methan
1,1'-(1,2-ethanediyl)bis-benzene




[ 114.1',111;4", 1 "'] quaterphenyl 3,5"",6"'-tetraisopropyl [1,4";1 ,1";
4", 1"' 1 quat er phenyl 3562'3,,5'6'2",3",5"6",2""'3""'5""'6"' - exadecamnet hyl [
1,4; |, 1WOR0091186Q5quat er phenyl 3,5,3"",5""-tetra-tert - BATEP2006M005k53" |, 1' ;
4" 1"; 41", 1 ""]qui nquephenyl (4-fl uoro-phenyl)-di phenyl - net hane
(4-fluoro-phenyl)-di-(3,5-dinmethyl phemyq )- ethane 4-fl uoro-phenyl)-di-(3,5-
di i sopropyl phenyl ) - net hane- (4-chl oro-phenyl)-di phenyl - net hane

(4-chl oro- phenyl ) -di - (3, 5-di et hyl phenyl )- et hane (4-chl oro-phenyl)-di- (3, 5-
di i sopropyl phenyl ) - net hane (4- br ono- phenyl) - di phenyl - met hane

(4- brono- phenyl ) -di- (3, 5- dinmethyl phenyl)-nethane (4-brono-phenyl)-di-(3,5
WD 2005/ 118605 PCT/ EP2005/ Q05653 27 "sopropyl phenyl) - met hane

-[ di phenyl}- net hyl ] - Qenzal dghyde B9, 3 5(-Btemathybilliy(t,phenyl ) - meg hyl | -

enzal dehyde -[bis-(q,S-diisopropylk gﬁ@t&ﬂ&&ﬁ%&%&k'

3,5,3', 5" tetraisopropyl-1,1'-(1,2-
lethanediyl)bis-benzene
1,1'-(1,3-propanediyl)bis-benzene
3,5,3',5"-tetramethyl-1,1'-(1,2-
lethanediyl)bis-benzene

3,5,3', 5 -tefraisopropyl-1,1-(1,3-

( ipropanediyl)bis-benzene
1,1'-(1,2-ethenediyl)bis-benzene
3,5,3",5"-tetramethyl-(1,2-ethenedivl)bis-
benzene
3,5,3',5"-tetraisopropyl-(1,2-ethenediyl)bis-
jbenzene

1,1'-(1,2-ethynediyl)bis-benzene
3,5,3,5'-tetramethyl-1,1'-(1,2-
iethynediyl)bis-benzene

3.5,3", 5" tetraisopropyli-1,1'-(1,2-
lethynediyl)bis-benzene
1,6-diphenyl-naphthalene
1,6-di-(3,5-dimethylphenyl)-naphthalene
1,6-di-(3,5-diisopropylphenyl)-naphthalene
3,6-diphenyl-phenanthrene
3,6-di-(3,5-dimethylphenyl)-phenanthrene
3,6-di-(3,5-diisopropyl)-phenanthrene
1,1-biphenyl

3,5 ,3‘,5'-tetra;nethy]— 1,1'-biphenyl
3,5,3",5'-tetraisopropyl-1, 1'-biphenyl
[1,1%4',1"]terphenyl




enzal dehyde -[di phenyl -nmet hyl]-phenol -[bis-(3,5-dinethyl-phenyl)-nethyl]-
henol - bi Si@g’ 5-di i sopropyl - phenyl)-net hyl]- henol

_[ di phen)YQ MOSHIA6IS t hi ophenol - [ bi s- (3, 5- di met hyl - phenyBQEERbS/60G5653

hi ophenol -[bis-(3,5-diisopropyl-phenyl)-nethyl]- iophenol

- [ di phenyl -met hyl ] - benzoi ¢ acid -[bigg (3, 5-di methyl-phenyl)-methyl]- enzoic
acid -[bis-(3,5-diisopropyl -phenyl)-nethyl]- enzoic acid

-[ di phenyl -met hyl ] - ni tro-benzene -[bis-(3, 5-dinethyl-phenyl)-methyl]-
tro-benzene -[bis-(3,5-diisopropyl-phenyl)-nethyl]- itro-benzene

- [ di phenyl - net hyl ] - benzenam ne -[bis-(3, 5-di net hyl - phenyl ) -nmet hyl ] -

enzenam ne WD 2005/ 118605 PCT/ EP2005/ 005653 28

-[ bi s- (3]5-di i soprdpyl - phényl ) - M"]&'—tﬁmﬁyﬁ[ﬂﬂ';ﬂpﬁ@u@mheﬂlh#r

,3,5",6"-tetraisopropyl-
{1,1%4',1"]terphenyl
.3,5,6,2',3',5',6',2",3",5",6"-dodecamethyl-
[1,1;4',1"]terphenyl

[1,4%1,1";4", 1" ]quaterphenyl
2,3,5™,6"-tetradecamethyl-
I[1,4";1',1"4",1""jquaterphenyl
2,3,5™,6"-tetraisopropyl-
[1,41',1";:4",1"|quaterphenyl
2,3,5,6,2',3',5',6',2",3",5",6",2",3",5",6"-
exadecamethyl-

u?l 4517,1"4", 1" quaterphenyl

3,5,3", 5" tetra-tert-butyl-
[1,14,14",1";4",1""|quinquephenyl

(4-fluoro-phenyl)-diphenyl-methane
(4-fluoro-phenyl)-di-(3,5-dimethylphenyl)-
ethane

4-fluoro-phenyl}-di-(3,5-
diisopropylphenyl)-methane
(4-chloro-phenyl)-diphenyl-methane
(4-chloro-phenyl)-di-(3,5-dimethylphenyl)-
ethane

(4-chloro-phenyl)-di-(3,5-
diisopropylphenyl)-methane
(4-bromo-phenyl)-diphenyl-methane
(4-bromo-phenyl)-di-(3,5-
dimethylphenyl)-methane
(4-bromo-phenyl)-di-(3,5-




I s-(3,5-di met hyl - phenyl )-ether is-(3,5-diisopropyl-phenyl)-ether

di phenyl -am ne is-(3,5-di nethyl - phenyl)-amne is-(3,

5-di i sopr¥®3005h8MA ) - am ne i phenyl - phosphi ne PCT/EP2005/005653

I s- (3, 5-di met hyl - phenyl ) - phosphi ne is-(3,5-diisopropyl-phenyl)-phosphine

di phenyl sul fide Lis-(3,5-dinethyl-phenyl)-sulfide

I s-(3,5-diisopropyl -phenyl)-sul fide Lethyl-diphenyl-borane

et hyl - bi s- (3, 5-di net hyl - phenyl ) - borane et hyl -bis-(3,5-diisopropyl -phenyl) -
orane Let hyl -di phenyl -al um ni um net hyl -bi s- (3, 5-di net hyl - phenyl ) - al um ni um
met hyl - bi s- (3, 5-di i sopropyl - phenyl)- al um ni um di net hyl - di phenyl -si | ane

di met hyl - bi s- (3, 5-dinmethyl-phenyl)-silane dinmethyl-bis-(3, 5
-di i sopropy! - phenyl )- silake , 5- dildifrensppylphenyd)-metlenbi s- (3, 5-dj neth

gy Fpurrol e luo 2000 16604, b 555
4-[bis-(3,5-dimethyl-phenyl)-methyl}-
Hbenzaldehyde
4-[bis-(3,5-diisopropyl-phenyl)-methyl]-
1Lt)enza1dehyde
4-{ diphenyl-methyi]-phenol
4-[bis-(3,5-dimethyl-phenyl)-methyl}-
{ iphenol
4-{bis-(3,5-diisopropyl-phenyl)}-methyl]-
iphenol
4-[diphenyl-methyl]-thiophenol
4-[bis-(3,5-dimethyl-phenyl)-methyl]-
tthiophenol
4-[bis-(3,5-diisopropyl-phenyl)-methyl]-
thiophenol
4-[diphenyl-methyl}-benzoic acid
4-[bis-(3,5-dimethyl-phenyl}-methyl]-
hbenzoic acid
4-(bis-(3,5-diisopropyl-phenyl)-methyl]-
Jbenzcyic acid
4-[diphenyl-methyl]-nitro-benzene
4-[bis-(3,5-dimethyl-phenyl)-methyl}-
itro-benzene
4-[bis-(3,5-diisopropyl-phenyl)-methyl}-
mitro-benzene
4-Tdiphenyl-methyl]-benzenamine
4-[bis-(3,5-dimethyl-phenyl)-methyl]-

rbenzcnamine



5-di phenyl -furan , 5-bi s- (3, 5-di met hyl - phenyl ) -furan

5-bi s- (3, 5-diisopropyl -phenyl)-furan ,6-di phenyl -pyridi ne

6- bi s- (W B2005/M8608/| - phenyl ) - pyri di ne PCT/EP2005/005653
6-bis-(3,5-diisopropyl-phenyl)-pyridine di phenyl ferrocene

I s-(imno)-pyridin-iron-dichloride ? (|n1no) pyridi n-iron-di brom de
[2,2";6",2"]terpyridine-iron-dichlori é

;6',2"]terpyr|d|ne i ron-di brom de is- (|n1no)-pyridin-cobalt-dichloride
i s-(imno)-pyridin-cobalt-dibromde [2,2;
6',2"]terpyridine-cobalt-dichloride [2,2';
6',2"]terpyridine-cobalt-di brom de ethane-1, 2-diylidenedi am ne-nickel -

di chl ori dg et hane-1}2-diyl {{denedi
et hane- 1, P-di yl i den¢di am ng¢- pal | adj
1, 2-diyli penedi am n¢- pal | agi um di
et hane- 1, P-di yl i den¢di am nég- copper}
et hane- 1, -di yl i den¢di am n¢- copper
yl i denedi agm ne WO 2005/ 118605 PCT/ib

'[ﬁe.(%saﬁﬁbproﬁylbﬁﬂbﬂw@nethyﬂ-

i um di chl ori de et hane-
henzanageine

1pgér@ﬁlom de ethane- 1,2 -dingfhyl- | ,2-di
bR B G &l ite A5 Bhenyl)-ether

bis-(3,5-diisopropyl-phenyl)-ether

d

diphenyl—amine
bis-(3,5-dimethyl-phenyl)-amine
bis-(3,5-diisopropyl-phenyl)-amine
idiphenyl-phosphine
[bis-(3,5-dimethyl-phenyl)-phosphine
bis-(3,5-diisopropyl-phenyl)-phosphine
dipheny! suifide
bis-(3,5-dimethyl-phenyl)-sulfide

ethyl-diphenyl-aluminium

’ rethyl-bis-(3,5-dimethyl-phenyl)-
aluminium
1ethyl-bis-(3,5-diisopropyl-phenyl)-
aluminium

dimethyl-diphenyl-silane
dimethyl-bis-(3,5-dimethyl-phenyl)-silane
dimethyl-bis-(3,5-diisopropyl-phenyl)-
silane

,9-diphenyl-pyrrole

2,5-bis-(3,5-dimethyl-phenyl)-pyrrole



30 'ckel -dichloride ethane-1,2-dinethyl-1,2-diylidenedi am ne-
ckel -di brom de et hane-1, 2-di nethyl -1, 2-di yl i denedi am ne- al | adi umdi chl ori de
et hane- 1,WWO@DPéXIB§05- 1, 2- di yl i denedi am ne- al | adi um di br G TEP9DSIGN56S3
1, 2-di met hyl - 1, 2-di yl i denedi am ne- copper-di chl ori de et hane-
1, 2-di net hyl -1, 2-di yl i denedi am ne- cogger- di brom de WO 2005/ 118605
PCT/ EP2005/ 005653 31 A set of exenplary transition netal catalyst conpounds
is set out below. These are by way of exanple only and are not intended to
list every conmpound that is within the scope of the invention. Preferred
transition netal catal yst conpounds incl ude:
[ N, N-bi s-(pyridin-2-yl met hyl ene) - benzene- 1, 4- di am ne] di ni ckel tetrabrom de,
[NNbbi s épyri di n-3-yl et hyl i dene)|z bz @edlisdpretivdphasiiphireikel
etrabronf de, i
N- (pyridfn-2-yl et h# i dene} - N- ( py rif-ardipbenyl-fathy | ene) - benzene- 1} 4- di ami ne] di
, N- bi s-{ pyri di n- 24yl met hyl ene) -

5

t

X kel tgtrabromd

ni cke 2t rabrom d¢, 5 bis-(3
[N e’nzbésng Y défnﬁhylrﬁheni%lﬁ#ﬁagkel tietrachl ori de,
[N, N-bi s-{pyridin-24yl ethyli dene)

te

[

n

[

[

[

I

&rtie(8e5-tjidopdoaylipherdd)-firark el
trachlolfide, to

N-(pyridjn-2-ylethylidene}-N (py é'dﬂ.ﬂlfﬂyﬁwda% ene) - benzene- ﬂf 4-di am ne] di

ickel tgtrachlori de. ,6-bis-(3,5- d1methy1~phen -pyridine
N- bi s- ffpyri di n- 24yl met hyl ene) - enzene- am nei’dl hi ckel tletranethyl,

N,
N, N- bi s- § pyri di n- 24yl et hy{i dene) rbzae@eﬁ giummwhpha}bdi -pyridieg |t et ramet hyl ,
N- (pyridin-2-yl ethylidene]-N(py {h‘ﬂh&y?fe%w%[ hyl ene) - benzene-

, 4- di am pe] di ni ckelf 15 tefranmeth

{ is-(imino)-pyridin-iron-dichloride
is-(imino)-pyridin-iron~dibromide
[2,2';6',2"terpyridine-iron-dichloride
12,2%6',2"lterpyridine-iron-dibromide
is-(imino)-pyridin-cobalt-dichloride
Bis-(imino)-pyridin-cobalt-dibromide
[2,2%6",2"|terpyridine-cobalt-dichloride
{2,2';6',2"|terpyridine-cobalt-dibromide
ethane-1,2-diylidenediamine-nickel-
dichloride

ethane-1,2-diylidenediamine-nickel-

( dibromide
ethane-1,2-diylidenediamine-palladium-
dichioride

ethane- 1,2-diylidenediamine-palladium-
dibromide
othane-1,2-diylidenediamine-copper-
dichloride
cthane-1,2-diylidenediamine-copper-

dibromide

ethane-1,2-dimethyl-1,2-diylidenediamine-




, 5-di net
trabro
,5 d|$ﬁ
trabr om
, 5-di net

5-di net
rachl or
, 5-di net

—t -

-di ne
di am
-di ne
-di ne
-di ne

5, 6-

, 3,5, 6-

anet hyl ,

di am fjpe] di ni cke

hyl -

de,
hyl -

20

~ di am ne] di ni cke

hyl -
i de,
hyl

hyl - N- ( py
e] di ni cke
hyl - N, N-b
WO 200
-N,Nb

N- (py

s

hyI

et ramet hy
rabrom de
et ramet hy
t et rabrom
et ramet hy
1, 4-diam fp
et ramnet hy

rachl ori de,

et ramet hy

N, N- bi s- (pyridin-2-yl net hyl ene) - benzene-

i din-2
tetra

s-(pyr
/ 11860%

s- (pyr
idin-2

tetraﬁethyl

-N,N-b

-N, N-b
de,
-N-(py

el dini§

-N,N-b

-N,N-b

N-(pyridin-2-ylethyliderg)-N (pyridin-2-ylnethylene)-
t et rabrom de,
N, N- bi s- (pyridin-2-yl netlryl ene) - benzene-1, 4-di am ne] di ni ckel

yl et hyljndkeladiefllbfigeyr i di n- 2-yl met hyl e
hl ori d

(tin-2- wﬁerh%déwsﬁwbéﬁz@ﬂ%dﬁrmﬂmm%
NTRE AT

| et hyl i dene) - benzene |, 4-di am
ethane-1,2-dimethyl-1 2-d1yhdened1am1ne-

| qﬁﬁ&nﬁ‘icﬁi%” din-2-ylmethyle

Hadbug-dgeempidedene) - benzene- 1
i di n-2- ?Paeﬂ Fd 1&?’"‘1‘?} eéﬁe‘?‘]i?‘?-hiﬁ'

et
ene

s-(pyr|&¢@32ﬁ%hﬁﬁli|dene)-benzene-1

, 4-di am ne] di ni cke

(ﬁgﬂl‘“’m@% s- (pyridin-2-yl et hyl i dene) - benzene- RCIHER2006/098453i ni ckel

- nzene-1,

-N, N-bi s- (pyridin-2-yl ethylidene)-benzene-1, 4-di am ne] di ni ckel
etrachl ori de,

ne) - benzene- 1
ne] di ni ckel
ne] di ni ckel
he) - benzene-1
- di am ne] din
4- di am ne]
et hyl ene) - be
, - di am ne] di n

4-di am ne] di




tetrachl oride, 15
[2,3,5,6-tetranmet hyl -N-(pyridin-2-yl ethylidene)-N(pyridin-2-ylnethyl ene)-be

nzene- 1W0O 20051%683 di ni ckel tetrachl oride, PCT/EP2005/005653
[2,3,5,6-tetranet hyl - N, N-bi s- (pyridi n-2-yl net hyl ene) - benzene- | , 4-di am nej
di ni ckel tetranethyl, 31

[2, 3,5, 6-tetranet hyl - N N- bi s- (pyridi n-2-yl ethyli dene)-benzene-1, 4-di am ne] di
ni ckel 20 tetranethyl,

[2,3,5,6-tetranmet hyl - N-(pyridin-2-yl ethylidene)-N(pyridin-2-ylnmethyl ene)-be
nzene- 1, 4-di am ne] di ni ckel tetranethyl, _

,E glt L\;E'r im(ﬁg%é’t o %ﬂ%ﬁ)ﬂ%‘i@%log Afkal %%nﬁrgpcomjpoﬂngé AUNGHELBY RdlR

[N, N- BI S- (bgywa}(bfl‘exhple&ﬁihyhmﬁﬁaﬁbhb&ﬁd@ﬂﬁ-list éesly eothpaind ithpn id widhi the
tetrabrom

[ N- (pyr i disFRPEafithy inyentitan direlRmediramstionmetgh aal vy rompyunde insbide: 1, 4

di am ne] di ql]Jb €3 F -1,4- kel t
[N, N-bis-(pyri %d“&ghfq ngﬂﬁy b lg%zrglgne cflLla I ](elanr%lwnee'] 8?%”??“31 um
tetrachi or[Ndﬁ»bt&(pyndm- ~ylethy11dene)-benzene 1,4-diamine]dinickel tetrabromide,

ot rachi of NUBYB SR DR RO Ep B0y BBEa e i finioke

t

[N-(pyri diteradrothiehy! i dene) - N- (pyri di n-2-yl met hyl ene) - benzene- 1, 4-

di am ne] di pal | adi um tetrachl ori de,

[N, N-bi s- (DyNiér-yndiprraimsihdems)-beeseneret-diamingldinickel teirashloridai um t et r anet hyl
Eg’: rN;IPrL ts h)(;ﬁ}‘.rﬁ??y-(f;yﬁaﬁﬂ-ﬁ&i%ﬁlﬁlﬂ%%ﬁ)be%%ﬁElﬁalam%e‘?&%km]:ﬂdﬂﬁo'rﬂd@,d' um

[ N-(pytd di[I\T—@ygiﬂiﬂthy]eﬂdaﬁdel)e-)ml-(m/yﬁdildi-rylrﬁetyylm)ﬁgchm)L,ﬂbéianﬁmﬂdiﬁickel

di am ne] d| L di um t et ranet hyl

[ 2, 5-di met! Hige s- (pyridi n-2-yl met hyl ene) - benzene-1, 4-di am ne] di pal | adi u
m tetrabm ml@%rﬁ\l_yndm-z y]met lene) benzene-1,4-diamine]dinickel tetramethyl

[ 2, 5-di net hyl - bi s £ 2-yl et hyI i dene) - benzene-1, 4-di am ne] di pal | adi
um to tet gnipgadin-2-y ethyhdene)—benzene 1,4-diamine)dinickel tetramethyl,

F i 5 df;ﬁ@f@,ﬁ%@% dfleﬁilﬁlgié%e? ig@ﬂdgﬂ@ DEhad1eRY et e A TREINMARRRY benzene- 1
15 tetramethyl,
[2,5-dimethyl-N,N-bis-(pyridin-2-ylmethylene)-benzene- 1,4-diamine]dinickel
tetrabromide,
[2,5-dimethyl-N,N-bis-(pyridin-2-ylethylidene)-benzene-1,4-diamine]dinickel
tetrabromide,
‘ 20 [2,5-dimethyl-N-(pyridin-2-ylethylidene)-N-(pyridin-2-ylmethylene)-benzene-1,4-
\ diamine]dinickel tetrabromide,
{2,5-dimethyl-N,N-bis-(pyridin-2-ylmethylene)-benzene-1,4-diamine]dinickel
tetrachloride,
[2,5-dimethyl-N,N-bis-(pyridin-2-ylethylidene)-benzene- 1,4-diamine]dinickel
25 tetrachloride,
[2,5-dimethyl-N-(pyridin-2-ylethylidene)-N-(pyridin-2-ylmethylene)-benzene-1,4-
diamine]dinickel tetrachloride,
[2,5-dimethyl-N,N-bis-(pyridin-2-ylmethylene)-benzene- 1,4-diamine]dinickel
tetramethyl,



[2,5-di net hyl - N, N-bi s- (pyridin-2-yl net hyl ene) - benzene- 1, 4-di am ne] di pal | adi u
m tetrachl oride, 15

[ 2, 5- di "WORIPS/NS6Shi s- (pyri di n-2-yl et hyl i dene) - benzene- PCEEF0506845di pal | adi
um tetrachl oride,

[2,5-di nethyl -N-(pyridin-2-ylethylidepe)-N (pyridin-2-ylnethyl ene)-benzene-1
, 4- di am ne] di pal | adium tetrachl ori de,

[ 2, 5-di net hyl -N, N-bi s- (pyridi n-2-yl net hyl ene) - benzene- 1, 4-di am ne] di pal | adi u
m 20 tetranethyl,

[2,5-dinethyl -N, N-bi s-(pyridin-2-ylethylidene)-benzene-1, 4-di am ne] di pal | adi
um tetranethyl , L . ) . ’
(2, 5- di mrd2Ry et . Nobis-(pyridie21jethylidens)-benzena-1 didiamingldimieke) | ene) - benzene- 1

, 4- di amt?ﬁ%rﬂétﬂ | adi um tetranet hyl 25

[2,3,5 6-Tetra hyl - N, N- bi s- (pyri di n-2-yl net hyl ene) - benzene- 1, 4-

di am ne] dRadinethyiN-(etididb 0 ofdthididehd) - N-gpyridin-26yliretiyddi}-byzeht-N4b

is-(pyri d&in- Z-i/ .ethyl i dene) - benzene-1, 4- diam ne] dipalladiumtetrabrom de,
WD 2005/ 1488t kﬁm@d%m 34

[ 2, 3, 5; 6-pbet4 al - idin. 2.yl i .- ri.din- gt hyl ene) - be
nzene-” 1, e AR s o o Bl e bl Y iR

[ 2, 3, 5, 6-ttdbramidchy| - N, N- bi s- (pyri di n- 2-yl net hyl ene) - benzene- 1, 4-

di am ne] di diumtetr Jaoride, .5 . " . .

1575, 5ot leeh GRS S Aetouiidene Wyorvenssbs-amineliinioke.

di am ne] dkpadrb@gieum t et rachl ori de,

[2,3,5, 6-tetranet Flyl - Nﬁ#pyri di n-2-yl et hyl i dene()i_- N- (pyri di n-2-yl met hyl ene) - be
nzene- 1,143 it it R ot HitnorNdByridin-2-yimethylene)-benzene.

[2,3, 9 6}%%%&]%%6@1 %‘hgbr%ﬁ{ﬁ@éf” di n- 2-yl net hyl ene) - benzene-1,4- |0

di am ne] rum tetranet

[ 2, 3, 5, 6-[28t5,GutattdnydthNENNbis-(f yridin-8iyimethyleat Rlydnzeen b} -dianine juinidkel -
tetrachloride,
[2,3,5,6-tetramethyl-N,N-bis-(pyridin-2-ylethylidene)-benzene- 1,4-diamine]dinickel
tetrachloride,

15 [2,3,5,6-tetramethyl-N-(pyridin-2-ylethylidene)-N-(pyridin-2-ylmethylene)-benzene-
1,4-diamine]dinickel tetrachloride,
{2,3,5,6-tetramethyl-N,N-bis-(pyridin-2-ylmethylene)-benzene- 1,4-diamine]dinickel
tetramethyl,
[2,3,5,6-tetramethyl-N,N-bis-(pyridin-2-ylethylidene)-benzene-1,4-diamine)dinickel

20 tetramethyl,
[2,3,5,6-tetramethyl-N-(pyridin-2-ylethylidene)-N-(pyridin-2-ylmethylene)-benzene-
1,4-diamine]dinickel tetramethyl,

[N,N-bis-(pyridin-2-ylmethylene)-benzene-1,4-diamine]dipalladium tetrabromide,
25  [N,N-bis-(pyridin-2-ylethylidene)-benzene-1,4-diamine]dipalladium tetrabromide,
[N-(pyridin-2-ylethylidene)-N-(pyridin-2-ylmethylene)-benzene-1,4-
diamine]dipalladium tetrabromide,
[N,N-bis-(pyridin-2-ylmethylene)-benzene-1,4-diamine]dipalladium tetrachloride,
[N,N-bis-(pyridin-2-ylethylidene)-benzene-1,4-diamine]dipalladium tetrachloride,



di am ne] di pal | adi um t et ranet hyl ,

[2,3,5,6-tetranmet hyl -N-(pyridin-2-yl ethylidene)-N(pyridin-2-ylnethyl ene)-be
nzene- 1WOoabedmieFdi pal | adiumtetranethyl, 15 PCT/EP2005/005653
[NN-bis-(pyridin-2-yhnethy|ene)-benzene-1,4-dianine]dicopper t et rabrom de,
[N, N-bi s-(pyridin-2-ylethylidene)-benggne-1, 4-di am ne] di copper tetrabrom de,
[ N-(pyridin-2-ylethylidene)-N (pyridin-2-ylnethyl ene)-benzene-1, 4

di am ne] di copper tetrabroni de,

[ N, N-bi s-(pyridin-2-yl net hyl ene) - benzene- 1, 4-di am ne] di copper tetrachl oride,
O [ NN-bi s-(pyridin-2-ylethylidene)-benzene-1, 4-di am ne] di copper
etrachl ori de,

N- (pyri diN-@ysdiatylefybidene) N-(myyidin?-yimethylene)eneenes) Lbenzene- 1, 4-

| al\ml- lralle]sdl(‘%@&ﬁg{df'ﬁag%{yﬁﬁle% : ihg‘ﬁ.& benzene-1, 4- di am ne] di copper tetranethyl,

2
t
[
di
[N

[ N, N-bi s- ([RyN- btk GryAdink- 2 huéthﬂ@mﬂ)bemﬁaqnﬁdﬁnﬂne]mwmmlrﬁmﬁmylt etrani et hyl ,
25 [N—(pyrldln 2-yl eth dene) (pyridin-2-yl methﬂ/l ene) - benzene-1, 4

di ami ne] digppér (plyg effypilidene)-benzene-1,4-diamine]dipalladium tetramethyl

5-

t

[

t

[

3 2‘3?%%1[@Nv%@n?o&w3%8%%@@%8@%%‘%@%%%@44d' am el copper

, 5- di netdigthindldipailedinfrprgtradethyl?- y| et hyl i dene) - benzene- 1, 4- di ami ne] di copper

trabrom

i et TRy NN - oty By AR - benzene- 1

e
2
e
2
, 4- di am nglfrGRiarRer tet rabrom de,

2, 5-di met hyl - N, N-bi s- (pyri di n- 2- ?/I rret hyl ene) - benzene- 1, 4- di am ne] di copper
e

2,

et

2

4-

d'lf?t%ﬁ!br@nﬁeb' s-(pyridin-2-ylethylidene)-benzene-1, 4-di am ne] di copper

di mat[byLdqﬁde(l@vyN-(jjyndi&-%zhﬂfyjaHenia&mélpyhid(rpgnyﬂxdethymng)LIfmtzWLlc,me) benzene-1
10 di ehm L copper tetrach] ori de,
iamme]dipalladium tetrabromide,

[2,5-dimethyl-N,N-bis-(pyridin-2-ylmethylene)-benzene- 1 ,4-diamine}dipalladium

r
5-
5-

trachl or[Zégilmethyl -N.N-bis-(pyridin-2-y. ethyhdene}benzene | 4—d1am1ne]d1pallad1um
5-
r
5-

[
t
[
t
[

tetrachloride,

15 [2,5-dimethyl-N,N-bis-(pyridin-2-ylethylidene)-benzene-1,4-diamine]dipalladium
tetrachloride,
[2,5-dimethyl-N-(pyridin-2-ylethylidene)-N-(pyridin-2-ylmethylene)-benzene-1,4-
diamine]dipalladium tetrachloride,

[2,5-dimethyl-N N-bis-(pyridin-2-ylmethylene)-benzene- 1,4-diamine]dipalladium

20 tetramethyl,

[2,5-dimethyl-N,N-bis-(pyridin-2-ylethylidene)-benzene- 1 ,4-diamine]dipalladium
tetramethyl ,
[2,5-dimethyl-N-(pyridin-2-ylethylidene)-N-(pyridin-2-ylmethylene)-benzene-1,4-
diamine]dipalladium tetramethyl

25 [2,3,5,6-tetramethyl-N,N-bis-(pyridin-2-ylmethylene)-benzene-1,4-
diamine]dipalladium tetrabromide,
[2,3,5,6-tetramethyl-N,N-bis-(pyridin-2-ylethylidene)-benzene-1,4-

diamine)dipalladium tetrabromide,



[ 2, 5-di net hyl - N, N-bi s- (pyridin-2-yl net hyl ene) - benzene- 1, 4- di am ne] di copper

t et ranet hyl ,

[ 2, 5- di NWOHRSPS/NSBIShI s- (pyri di n- 2-yl et hyl i dene) - benzene- PCEAR2en5008658i copper
tetramethyl, 15

[ 2, 5-di met hyl - N- (pyridin-2-yl ethylidenge)-N-(pyridin-2-ylnethyl ene)-benzene-1
, 4- di am ne] di copper tetranethyl,

[2,3,5,6-tetramet hyl - N, N-bi s-(pyridin-2-yl net hyl ene) - benzene- 1, 4-di am ne] di ¢
opper tetrabrom de,

[2,3,5,6-tetranmet hyl - N, N-bi s-(pyridin-2-ylethylidene)-benzene-

1

, 4-di am ne] di copper 20 tetrabrom de,

5, 6-t et raﬁi‘e&hﬁ+temm¢hﬂrlﬂ1(wrizhw@ﬂﬁwhmn[n)eﬂ-@mﬂwlﬂmlyna)ﬂxenwmne) b

enzene- i am et rabrom de, [2, 3,
5, 6-tet ra “Rif‘l’r?ﬂ“gia F‘S‘ﬁﬁ?‘ﬂ?‘h" 2yl met hyl ene) - benzene- 1, 4- di am ne]

di copper [2t3e5 Baedaixﬁéth eNI\?Ezs—(Fyndm—Z—ylmethylene -benzene-1.4-
[2356tetraneth N-bi s- (pyridin-2-yl et ylldeneB benzene-1, 4- di am ne] di

copper t<dipmineld {qgl@xmtetrachbn de,

[ 2,3, 5 6 e}ggr{g&ﬂi{%}h@-ﬁw% hl_@%@g%&‘g&%g%ﬂwl di n- 2-yl net hyl ene) - be

nzene- di’am ne ber "t 18605 PCT/ EP2005/ 005653
36 dlamme]dlpalladlum tetrachlorlde,

E)[Z)pgr S ? o .I’;,gg%tyep ﬂl}'>{~1|\7\|_(€3|zr?dn(1-8 letﬂylndeneYNrrFt n Jn?zng?meloﬂ?ﬁér?er)]%erllzeiefi am nej dic

[2,3,5, 6- i@ldi%temﬁaﬂydl%pﬂeﬁa&%ﬁdedl n-2-yl ethylidene)-benzene-1, 4-di am ne] di
yl

copper tetrameth
[ 2, 3,5, 6-f2e, ,éfteftl'éhyd#thﬂ'w,]b{fbwdpmﬂﬁﬂﬂmyﬂmhb?ﬂﬂmtﬁ byt i di n- 2-yl met hyl ene) - be

?fgnSQP I d ﬁg@aﬁf’%ﬁr‘ﬂg%‘%ﬁ& e '[ ﬁ;/rﬁaggl} . Lg,ngtaglas-l 4-di am ne]diiron

tetrabr onnzdaeﬁ 6ftBlrdndrh g N (N6 bRYpinitin-22ylythy hdericpbenz2nedl gt hyl i dene}

- benzene- (%atdrfnn%l_l c%pal?adlu% Itcrtr%&ethyl
[2,3,5,6-tetramethyl-N-(pyridin-2-ylethylidene)-N-(pyridin-2-ylmethylene)-benzene-
1,4-diamineldipalladium tetramethyl,

15 [N, N-bis-(pyridin-2-ylmethylene)-benzene-1,4-diamine]dicopper tetrabromide,

- [N,N-bis-(pyridin-2-ylethylidene)-benzene- 1 ,4-diamineldicopper tetrabromide,
[N-(pyridin-2-ylethylidene)-N-(pyridin-2-ylmethylene)-benzene-1,4-
diamine]dicopper tetrabromide,

[N,N-bis~-(pyridin-2-ylmethylene)-benzene- 1,4-diamine]dicopper tetrachloride,

20  [N,N-bis-(pyridin-2-ylethylidene)-benzene-1,4-diamine]dicopper tetrachloride,
{N-(pyridin-2-ylethylidene)-N-(pyridin-2-ylmethylene)-benzene-1,4-
diamine]dicopper tetrachloride,
[N,N-bis-(pyridin-2-ylmethylene)-benzene-1,4-diamine}dicopper tetramethyl,

[N, N-bis-(pyridin-2-ylethylidene)-benzene- 1,4-diamine]dicopper tetramethyl,

25  [N-(pyridin-2-ylethylidene)-N-(pyridin-2-ylmethylene)-benzene-1,4-
diamine]dicopper tetramethyl,
[2,5-dimethyl-N,N-bis-(pyridin-2-ylmethylene)-benzene- 1,4-diamine]dicopper

tetrabromide,



10 tetrabromde, [N, N-bis-

{(6-pyridin-2-yl)pyridin-2-yl nethyl ene}-benzene-1, 4-di am ne]diiron

t et r achl wio zhes/{ssbN- bi s- { (6-pyri di n-2-yl)pyridi n-2-yl BEMEPRASASE53 benzene-
1,4-diam ne]diiron tetrachloride, 15

[ NN- bi s-{(6-pyridin-2-yl)pyridin-2-yl hyl ene} - benzene-1, 4-di am ne] diiron
tetranethyl [N, N-bis-{(6-pyridin-2-yl)pyridin-2-ylethylidene} -benzene-
1,4-diamneldiiron tetramethyl, [2,5-dinethyl-N Nbis- {
(6-pyridin-2-yl)pyridin-2-ylmethyl ene } -benzene- 1,4- 20 diamne]diiron
tetrabrom de, [2,5-dinethyl-N, N bis-
{(6-pyridin-2-yl)pyridin-2-ylethylidene}-benzene-1,4- diamne]diiron

t et rabr om ghes.glrdetRylcl MEbR iB2Dy1sthylidene)-benzene- 1,4-diamine]dicopper
(6-pyridi %—esz-ylzggg/ri di n-g?yFBrret hyl e}r;e}- b)enzene- 1,4- di a]m' ngfdi i ron
et r achl or tetrabropsde,
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[ 2, 5-di et - 148 : DV g AR I el Dy 2= | shenzene-1, 4-
di ani ne] di Pﬁb ﬁl}l?%t‘ﬁali rﬁ'l{’%rrﬁfng)ei ﬁl?‘?%&é‘%@ﬁﬁ%ﬂh%B@%%B bEERR12
((6-pyri di diadrind]dipyppedtotraBrophidet hyl ene} -benzene- 1,4- diamne]diiron
tetranethyl, WO 2005/ 118605 PCT/ EP2005/ 005653 3 Lo

[ 2, 5- di fet t%yi-dm}?@ﬂ@»l‘%g@:%ﬁ‘%ﬂﬁ!@ W}eaﬁ)rﬁ’?i’izﬁ@zzﬁrdéﬁfﬁwldé@ﬁéﬁf- benzene- 1, 4-
di am ne] di jce'iﬂ&?l Bid amethyl, [2,3,5,6-tetranethyl -N, N-bis- {

(6-pyridin-2-y ?pyr’i di n-2-yl net hyl ene } -benzene-1,4- diam ne]diiron

t et r abr om [Ped-dBnethyl-N,N-bis-(pyridin-2-ylethylidene)-benzene-1,4-diamineldicopper

[2, 3,5, 6-t%15Ir qet. eyl-N,N—bi s-{(6-pyridin-2-yl)pyridin-2-ylethylidene}-benzen
e-1,4- dia ﬁ%] itron tetrabromde, [2,3,5 ,6-tetranmethyl-N, N bis- {

('6¢ pyri di npRs-timdyylindi(pydin2oaethyli@ne)-N-(pPedia nginikesifylend)-Bensed-djdi r on

tetrac hlloor (Iii(gr%ine]dicopper tetrachloride,
[2,5-dimethyl-N,N-bis-(pyridin-2-ylmethylene)-benzene-1,4-diamine]jdicopper
tetramethyl,
[2,5-dimethyl-N,N-bis-(pyridin-2-ylethylidene)-benzene-1,4-diamine]dicopper
tetramethyl,

15 [2,5-dimethyl-N-(pyridin-2-ylethylidene)-N-(pyridin-2-ylmethylene)-benzene-1,4-
diamineldicopper tetramethyl,
[2,3.5,6-tetramethyl-N,N-bis-(pyridin-2-ylmethylene)-benzene-1,4-diamine]dicopper
tetrabromide,
[2,3,5,6-tetramethyl-N,N-bis-(pyridin-2-ylethylidene)-benzene- 1 ,4-diamine]dicopper

20 tetrabromide, |
[2,3,5,6-tetramethyl-N-(pyridin-2-ylethylidene)-N-(pyridin-2-ylmethylene)-benzene-
1,4-diamine]dicopper tetrabromide,
[2,3,5,6-tetramethyl-N,N-bis-(pyridin-2-ylmethylene}-benzene-1 ,4-diamine}dicopper
tetrachloride,

25 [2,3,5,6-tetramethyl-N,N-bis-(pyridin-2-ylethylidene)-benzene-1,4-diamine]dicopper
tetrachloride,
{2,3,5,6-tetramethyl-N-(pyridin-2-ylethylidene)-N-(pyridin-2-ylmethylene)-benzene-

1,4-diamine]dicopper tetrachloride,



[2,3,5, 6-tetranet hyl - N, N-bi s-{(6-pyridin-2-yl)pyridin-2-ylethylidene}-benzen

e-1,4- 10 diamne]diiron tetrachl oride,

[ 2, 3, 5, 6YXQROFAIR6AY| - N, N- bi s- {(6-pyridin-2-yl)pyridin- 2-qumm95/®n@s- benzene

4- diamne]diiron tetranethyl, [2, 3,5, 6-tetranmethyl-N, N-bis-
-pyridin-2-yl)pyridin-2-ylet hyI [ derg%} - benzene- 1, 4- d| am ne]diiron

anet hyl, 15

5,6-tetramet hyl - N, N-bi s-{(6-pyridin-2-yl)pyridin-2-yl met hyl ene}-benzene
di am ne] di cobalt tetrabrom de,

5,6-tetramet hyl -N, N-bi s-{(6-pyridin-2-yl)pyridin-2-ylethylidene}

zene- 1,4- diamne]dicobalt tetrabromde, [2,3,5,6-tetranethyl-N, N bis-

pyr i di 12,325, $tetRietic 1N K- bik-(@irtih-2ndinethgoac  Benkede- nraamaﬁ]dlcOpper
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1, 4-
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i am ne]di cobalt tetrachloride, [2,3,5, 6-tetramethyl-N N-bis-
6- pyri dlﬁﬁitf@n?ﬂl)’byrl di n-2-yl et hyl i dene} -benzene- 1, 4 di ami ne] di cobal t
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E2ST B1 6 totramethy LN N-bis-oyridin 2 ylethylidene) benene 1. 4-diamineldicopper,
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di am ne] dlﬂatmhethylt, et rabr onm de, 25

E:“B 5, 3 ei di Hﬁ?ké—?tl r&eatéq N%’é)g@?n %QX rtgg%c{éhg)_—%l(b%cg%b %%Peﬂ)nylene rlla(e,arrllze:ne-4 4
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di a
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di

amn
, ' - tet I piL . IORRiAPMIicoPhditetRintsthy ' | di n- 2-yl met hyl ene) - bi phenyl - 4, 4" -

i am ne] di ni ckel tetrabrom de, 2005/ 118605 PCT/ EP2005/ 005653 38

3,5, 3", 5 NWthisi{ Eopyristy-2~yN)pyridis: 2-yimathylena) -izngeneet Aylidrdionidjizin pheny| - 4, 4' -

i am ne]j dlt@# lg. ml& et rabrom de,

3,5,3", PANEt hyl - N, N- bi s- (pyri di n- 2-yl met hyl ene) - bi phenyl -4, 4" -

i am nej dl N, Nk - {@ﬁeﬁ}l‘xﬁﬁﬁllzqﬂ)p@ﬂdm@ ylethylidene}-benzene-1,4-diamine]diiron

3,5, 3 -tetrar’gath yl - N, N-bi s-(pyridin-2-yl-ethylidene)-Dbi phenyl-4,4"-

i at ni r‘n@] deteaberdnde; et r achl ori de,

[N,N-bis- {(6-pyridin-2-yD)pyridin-2-ylmethylene} -benzene-1,4-diamine]diiron
tetrachloride,
[N, N-bis- {(6-pyridin-2-yl)pyridin-2-ylethylidene} -benzene-1,4-diamine}diiron
tetrachloride,

15  [N,N-bis-{(6-pyridin-2-yl)pyridin-2-ylmethylene} -benzene-1,4-diamine]diiron
tetramethyl
[N,N-bis-{{6-pyridin-2-yl)pyridin-2-ylethylidene} -benzene-1.4-diamine]diiron
tetramethyl,
[2,5-dimethyl-N,N-bis-{(6-pyridin-2-yl)pyridin-2-yimethylene}-benzene-1,4-

20 diamine]diiron tetrabromide,
[2,5-dimethyl-N,N-bis- {(6-pyridin-2-yDpyridin-2-ylethylidene} -benzene-1,4-
diamine]diiron tetrabromide,
[2,5-dimethyl-N,N-bis-{(6-pyridin-2-yl)pyridin-2-ylmethylene} -benzene-1,4-
diamine]diiron tetrachloride,

25  [2,5-dimethyl-N,N-bis-{(6-pyridin-2-yl)pyridin-2-ylethylidene} -benzene-1,4-
diamine]diiron tetrachloride,
[2,5-dimethyl-N,N-bis- {(6-pyridin-2-yl)pyridin-2-ylmethylene} -benzene-1,4-

diamine]diiron tetramethyi,



[3,5,3,5 -tetrai sopropyl -N, N, bi s-(pyridin-2-yl net hyl ene) - bi phenyl -4, 4" -
di am ne] di ni ckel tetrachloride,
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lo di am ne] dini ckel tetrachloride,
[3,5,3,5 -tetramethyl - N, N-bi s- (pyri di g;2-yl met hyl ene) - bi phenyl - 4, 4" -
di am ne] di ni ckel tetranethyl,
[3,5,3,5 -tetranethyl -N, N- bi s-(pyridin-2-yl-ethylidene)-biphenyl-4,4"-
d| am ne] di ni ckel tetramethyl, 15 [3,5,3", '
'-tetraisopropyl -N, N, -bis-(pyridin-2-yl methyl ene) - bi phenyl -4, 4" -
di am ne] di ni ckel tetranethyl,
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{2,3,5,6-tetramethyl-N,N-bis- {(6-pyridin-2-yl)pyridin-2-ylethylidene } -benzene-1 4-
diamineldiiron tetramethyl,

15 [2,3,5,6-tetramethyl-N,N-bis- { (6-pyridin-2-yDpyridin-2-ylmethylene} -benzene-1,4-
diamine]dicobalt tetrabromide,
[2,3,5,6-tetramethyl-N,N-bis-{(6-pyridin-2-yDpyridin-2-ylethylidene } -benzene-1,4-
diamine]dicobalt tetrabromide,
[2,3,5,6-tetramethyl-N,N-bis-{(6-pyridin-2-yl)pyridin-2-ylmethylene}-benzene-1,4-

( 20 diamine]dicobalt tetrachloride,
[2,3,5,6-tetramethyl-N,N-bis- {(6-pyridin-2-yl)pyridin-2-ylethylidene } -benzene-1,4-
diamine]dicobalt tetrachloride,
[3,5,3",5"-tetramethyl-N,N-bis-(pyridin-2-ylmethylene)-biphenyl-4,4'-
diamine]dinickel tetrabromide,

25 [3,5,3",5'-tetramethyl-N,N-bis-(pyridin-2-yl-ethylidene)-biphenyl-4,4'-
diamineldinickel tetrabromide,
{3,5,3",5'-tetraisopropyl-N,N,-bis-(pyridin-2-ylmethylene)-biphenyl-4,4'-

diamine]dinickel tetrabromide,
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i ne] di pal | adi um tetrachl ori de,
,3",5" -tetranmet hyl -N, N-bi s- (pyridin-2-yl met hyl ene) - bi phenyl -4, 4" -
I Ne] WDy HE60Im t et r anet hyl , ( PCT/EP2005/005653

3,5 -tetramet hyl - N, N-bi s- (pyridin-2-yl -ethylidene)-biphenyl-4,4"- 10

i ne] di pal l adiumtetranethyl, [3, 8
",5' -tetrai sopropyl -N, N, -bi s-(pyri c’h n- 2-yl nmet hyl ene) - bi phenyl -4, 4" -
i ne] di pal | adi um t et ranet hyl ,

3',5 -tetrai sopropyl -N, N, -bi s-(pyridin-2-yl-ethylidene)-biphenyl-4,4"-

i ne] di pal | adium tetramet hyl, 15

3',5 -tetranet hyl - N, N-bi s-(pyridi n-2-yl net hyl ene) - bi phenyl -4, 4' -
ne] dif3,6 3§ rtetraibsRbH N ME-bis-(pyric 'n-2-y1—eth?/lidene)-biphenyl-ti,tl'-

3,5 -tetramethyl - N, N-hi_s- (pyridin-2-yl-ethylidene)-biphenyl-4,4"-
ne] di eidinighe] iabrabraraid,
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3,5 -tetranet hyl -N, N-bi s- (pyri din-2-yl -ethylidene)-biphenyl -4, 4" -

i ne] dil&68p& tetraisoraepil N, Nat@fs-(pyridin-2-ylmethylene)-biphenyl-4,4'-

3,5 :tetrats | 2NN, - bi s- (pyridi n-2-yl net hyl ene) - bi phenyl -4, 4" -
nej didba(%'B%ﬁ“P@%E %@’%F‘gﬂ‘ﬁ%, WO 2005/ 118605 PCT/ EP2005/ 005653 ~ 40

3", 53,68, 5'aa8ips 1-NYNNbisipSridipy2-yithyl2denk)-Biphytyldiene) - bi phenyl - 4, 4' -
ne] di copper.. tetrachl ori d

e!
310 5id1WPP1§FFBFWFQtNPNQE¢%- (pyri di n- 2-yl met hyl ene) - bi phenyl - 4, 4' -
ne] dirg QPR ek ShERYRNN bis-(pyridin-2-ylmethylene)-biphenyl-4,4'-

diamine]dinickel tetramethyl,
[3,5,3",5'-tetramethyl-N,N-bis-(pyridin-2-yl-ethylidene)-biphenyl-4,4"-

diamine]dinickel tetramethyl,

15 [3,5,3",5'-tetraisopropyl-N,N,-bis-(pyridin-2-ylmethylene)-biphenyl-4,4'-

diamine]dinickel tetramethyl,
[3,5,3',5"-tetraisopropyl-N,N,-bis-(pyridin-2-yl-ethylidene)-biphenyl-4,4'-
diamineldinickel tetramethyl,

[3,5,3",5 -tetramethyl-N,N-bis-(pyridin-2-ylmethylene)-biphenyl-4,4'-

20  diamine]dipalladium tetrabromide,
[3,5,3",5'-tetramethyl-N,N-bis-(pyridin-2-yl-ethylidene)-biphenyl-4,4'-
diamine]dipalladium tetrabromide,
[3,5,3',5'-tetraisopropyl-N,N,-bis-(pyridin-2-ylmethylene)-biphenyl-4.4'-
diamine}dipalladinm tetrabromide,

25 [3,5,3',5 -tetraisopropyl-N,N,-bis-(pyridin-2-yl-ethylidene)-biphenyl-4,4'-
diamine]dipalladium tetrabromide,
[3,5,3",5'-tetramethyl-N,N-bis-(pyridin-2-ylmethylene)-biphenyl-4,4'-

diamine]}dipalladium tetrachloride,



5 [3,5/3,5 -tetranmethyl - N, N-bi s-(pyridin-2-yl-ethylidene)-biphenyl -4, 4"-

di am ne] d| copper tetranethyl,

[ 3,5, 3", VORSA384Hpr opyl - N, N - bi s- (pyri di n- 2-yl net hyl eREV/EIATONE53 4, 4" -
di am ne] di copper tetramethyl,

[3,5,3,5 -tetrai sopropyl -N, N -bi s- (pywl di n-2-yl -et hyl i dene) - bi phenyl -4, 4" -
10 di am ne] di copper tetramethyl, [3,5,3 ,5 -tetranmethyl-N, N-bi s-
{(6-pyridin-2-yl)pyridin-2-yl methyl ene} -biphenyl-4,4"- diamne]diiron
tetrabrom de, [353'5 '-tetranethyl-N, N-bis-
{(6-pyridin-2-yl)pyridin-2-ylethylidene} -biphenyl-4,4"- diamne]diiron
tetrabrom de, 15

[3,5,3,5 531;m';satmmﬂgw\mwpajysidﬁ@ybymyﬁume)zbiphmmmmi n- 2- yl met hyl ene} - bi
phenyl - 4, d|| tet abromde, [3,5,3",5 -tetraisopropyl-N N bis-
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t et rabr om ges 358 eprakopro l'—NEN LAyt Nyhhdhdene)-biphenyl-4,4'
{(6- pyrldlg-é-{?l pyr 1 di ﬁ? 2-yl met h ﬁgne} b ﬁenQ 047720 diami ne] diiron
t etrachl or ﬁlld@une[l ipglagdium tetrachlonde

LU Aoy bR B A AP P b derne)

-blphenyl ITHan
[3,5,3,5 dihmﬁﬂe@mpﬂmﬁﬁmytetdﬁclﬂbhd@ {(6-pyridin-2-yl)pyridin-2-yl net hyl ene}
-b| phenyl am neldjiron tetrach| orjde,

-tetrai s@pﬁ* %ﬁyFe qﬂ%&@(%"ﬁ?’?‘fiﬂﬂfy@’ hljlﬁ‘iPr)Tb&?hr?nﬁl‘@%et hyl i dene} - bi phenyl -

4 4' - di am gy %ﬂn%e}]&nﬁﬁlahﬁh’i?e‘%ﬁh@fﬂy@e [3,5,3,5 -tetranmethyl -N, N-bi s-
{(6-pyridin-2 yl mét’hyl ene} _bi phenyl -4, 4" - di am ne]diiron

t'ef r amet hy[3 5,3/‘15' MEIGMGDE RCYERREDS1-6056d8e)-diphenyl-4,4'-
[3,5, 3

enyl - laﬁlgl{rrjl&r;igél |u|n(’)n “’tagi""r%‘ﬁm?hw,” ([jl?,n523yl ) gyr ![ g![ paizsglp(ragggl Iﬂlepﬁal gl p?

(6- pyr i d| n[325, ¥ 5)-pttaisdprop k- Nyei: g veidn- - yirhé thylemy)l biphenyl-4,4'-
diamine}dipalladium tetramethyl,

[3,5,3",5 -tetraisopropyl-N,N,-bis-(pyridin-2-yl-ethylidene)-biphenyl-4,4'-
diamine]dipalladium tetramethyl,

15 [3,5,3",5-tetramethyl-N,N-bis-(pyridin-2-ylmethylene)-biphenyl-4,4'-
diamine[dicopper tetrabromide,
[3,5,3",5-tetramethyl-N,N-bis-(pyridin-2-yl-ethylidene)-biphenyl-4,4'-
diamine]dicopper tetrabromide,
[3,5,3',5'-tetraisopropyl-N,N,-bis-(pyridin-2-ylmethylene)-biphenyl-4,4'-

20  diamine]dicopper tetrabromide,
{3,5,3",5'-tetraisopropyl-N,N,-bis-(pyridin-2-yl-ethylidene)-biphenyl-4,4'-
diamine]dicopper tetrabromide,
[3,5,3",5"-tetramethyl-N,N-bis-(pyridin-2-ylmethylene)-biphenyl-4,4'-
diamine]dicopper tetrachloride,

25 [3,5,3,5tetramethyl-N,N-bis-(pyridin-2-yl-ethylidene)-biphenyl-4,4'-
diamine}dicopper tetrachloride,
[3,5,3",5'-tetraisopropyl-N,N,-bis-(pyridin-2-ylmethylene)-biphenyl-4,4'-

diamine}dicopper tetrachloride,



4,4 -diam ne]diiron tetranmethyl, 5

[3,5,3,5 -tetrai sopropyl -N, N-bi s-{(6-pyridin-2-yl)pyridin-2-ylethylidene}-b
i phenyl -W0,2005/0860%i ne] diiron tetranethyl; [3,5,3",5" -t ePCEFPLMF0034SH- bi s-
{(6-pyridin-2-yl)pyridin-2-yl net hyl ene}- bi phenyl -4, 4' - di am ne] di cobal t
tetrabromde, [3, 5, 3, 5 -tetranet h%(#-N, N-bis- {(6-p
yridin-2-yl)pyridin-2-ylethylidene} -Dbi phenyl-4,4"- 10 di am ne]di cobalt
tetrabromde, [3, 5,3, 5 -tetraisopropyl-N Nbis- {
(6-pyridin-2-yl)pyridin-2-yl net hyl ene} -biphenyl- 4,4'-diam ne]di cobalt
tetrabrom de,

[3,5,3 ,5 -tetrai sopropyl -N, N-bi s-{(6-pyridin-2-yl)pyridin-2-ylethylidene)

- bi phenyl {3,4,345"téltassb Ry BNGQ B ih-2bficihydidend) biphenyl-4,4'-
[3,5,3, 5'{; tetranet hyft?kl, N- bi s-?(l()%[ﬁ)yr ?ygi[i n-}gi:uyle):bpy?i dlyn- 2-yl met hyl ene} - bi phe
nyl - 4, 4' - dgrepgldiepence taarklotide.r achl or i de, '

[3,5,3,5) L Ne N R S - By i.di Vs hdif- 2-yl et hyl i dene}

o Sy 5 3NN B o bt

[ 3,5, 3", S5diahane}dicopyer typmethyl- bi s- {(6-pyri di n-2-yl)pyridin-2-yl net hyl ene}

- bi phenyl - 4.4 -diam i cobal.t tetrachl ori de, .

[3,5, 3%, 5'[3-’%&?5?‘?6&#85‘%&]@&( -m'{z(Bg:eHyYﬁ a‘??l:bzﬁwyb‘fp#rdi n- 2-yl et hyl i dene}

- bi phenyl aiaﬁ]iﬁe']dg},@{?,{@l]ag{eﬁ@@’al t tetrachl oride,

[3,5,3,5 -tetranethyl -N, N-Bi's- {(6-pyridin-2-yl prri di n- 2-yl net hyl ene}

- bi phenyl {35,4',5"tetraisopropy HINS béis pyrétin-@ridmistiylenghbiphenyl-4,4'-

[3,5,3,5' ~tet namet hyl - N. N.bis-{(6-pyridin-2-yl)pyridin-2-ylethylidene}-biph

enyl -4, 4' gaﬁlﬁ?ﬁﬁglfpﬁl(tze&ba%efhytl’et ramethyl, [3,5,3",5 -tetraisopropyl-N, N-bis-

{ (6- pyri di3)5 2,3 tdtaydobtbpfi-REN]-5@i(pyridin g} yl-difiypidens) bipiensi-4 di-am ne] di cobal t

tetranet hyl, WD 20051118605 PCT/ EP2005/ 005653 42

[ 3, 5, 30, sdiamingldicarnsy HFMeIM bi s- { (6- pyri di n-2-yl ) pyri di n-2-yl et hyl i dene}

- bi phenyl {3 43453 0EABRENINCOL A 4-p5dih TR Wildin-2-yimethylene) -biphenyl-4,4'-
diamine]diiron tetrabromide,
[3,5,3",5'-tetramethyl-N,N-bis-{(6-pyridin-2-yl)pyridin-2-ylethylidene} -biphenyl-4,4'-
diamine]diiron tetrabromide,

15 [3,5,3',5"tetraisopropyl-N,N-bis-{(6-pyridin-2-yl)pyridin-2-ylmethylene} -biphenyl-
4,4'-diamine]diiron tetrabromide,

[3,5,3',5"tetraisopropyl-N,N-bis- {(6-pyridin-2-yl)pyridin-2-ylethylidene} -biphenyi-
4,4'-diamine]diiron tetrabromide,
[3,5,3",5'"-tetramethyl-N,N-bis- {(6-pyridin-2-yl)pyridin-2-ylmethylene} -biphenyl-4,4'-

20  diamine]diiron tetrachloride,
[3,5,3',5'-tetramethyl-N,N-bis-{(6-pyridin-2-yl)pyridin-2-ylethylidene} -biphenyl-4,4"-
diamine]diiron tetrachloride,
[3,5,3",5"-tetraisopropyl-N,N-bis-{(6-pyridin-2-yl)pyridin-2-ylmethylene} - biphenyl-
4,4'-diamine]diiron tetrachloride,

25 [3,5,3,5'-tetraisopropyl-N,N-bis-{(6-pyridin-2-yl)pyridin-2-ylethylidene} -biphenyl-
4,4'-diamine]diiron tetrachloride,

[3,5,3",5"-tetramethyl-N,N-bis- {{6-pyridin-2-yDpyridin-2-ylmethylene} -biphenyl-4,4'-

diamine]diiron tetramethyl,



[bi s- {4-(pyridin-2-yl-nmethyl eneam no) - 3, 5-di net hyl phenyl } -net hane] di ni ckel
tetrabromde, 5 [bis- {4-(pyridin-2-yl-ethylideneam no)- 3, 5-di net hyl phenyl }

- met hane]wionowskiagsost et r abr om de, [ bi s- PCT/EP2005/005653

{4- (pyridin-2-yl-nethyl eneam no) - 3, 5-di i sopropyl phenyl } -nethane]di ni ckel
tetrabrom de,

[ bi s-{4-(pyridin-2-yl-ethylideneam no)413 5-di i sopropyl phenyl } rret hane] di ni ck
el 1o tetrabromde, [bis- {4-(pyridin-2-yl-methyl eneam no) -

-di net hyl phenyl } -toluene] dinickel tetrabrom de,

[ bi s-{4-(pyridin-2-yl-ethylideneam no)- 3, 5-di net hyl phenyl }-tol uene]di nickel
tetrabrom de, 15

I[ bi ts-eg féé pgsrr,r%,g'i,eﬁte’ﬁayﬁaﬁyﬂmw.&m?eﬂ?,ﬁm\iﬁ-%ﬁypgt{ihﬁpﬂ&gwiaaﬁyyaigﬁm-w,aoe] di ni cke
[ bis-{4-( p@iahﬁﬁéidiﬁoyltetanb}h}ﬂdeneam no) - 3, 5-di i sopropyl phenyl }-t ol uene] di ni ck

N e e e T

{4- (pyri di m42dighn@dlMroh $@R8RMN0) - 3, 5 di met hyl phenyl } -4-
br onot ol uene di ni ckel tetrabrom de,

4- (pyri @i nb322:)5 estaisppeaps b Nd)s- {{6-1szr1dm z-é’gpylllfby-i?p}‘léfhyh(}eneh—blphenyl-

FL?QDE Zl ?S@?*‘%ﬂﬁu%ﬁ% 9%’?%1&"1 bé@iﬂeam no) - 3, 5-di i sopr opyl phenyl } - 4-

br onot ol ueffe], ﬂiﬁ\&ﬂiﬂﬁheﬂﬁ}é{N Nbﬁ:ﬂr{(@pyndnh}lz_%fl)pyndm-z ~-ylmethylene}-biphenyl-4,4'-

by oyt ol BBRETH P AL TR EERiS om te. VIO 2005/ 116605 PCT/ EP2005/ 005653 43

[bi's- {4-(pys bk Retdmydimn@INIXLbES RRAYR IR -3) R ridintR Y Ryl ey [ Biphefyl-4,4'-

10 diamine]dicobalt tetrabromide,

{3,5,3",5'-tetraisopropyl-N,N-bis- {(6-pyridin-2-yl)pyridin-2-ylmethylene} -biphenyl-
4,4'-diamine]dicobalt tetrabromide,
[3,5,3",5'"-tetraisopropyl-N,N-bis- {(6-pyridin-2-yl)pyridin-2-ylethylidene} -biphenyl-
4,4'-diamine]dicobalt tetrabromide,

15 [3,5,3",5"-tetramethyl-N,N-bis-{(6-pyridin-2-yl)pyridin-2-ylmethylene} -biphenyl-4,4'-
diamine]dicobalt tetrachloride,
[3,5,3",5'-tetramethyl-N,N-bis-{(6-pyridin-2-yl)pyridin-2-ylethylidene} -biphenyi-4,4'-
diamine]dicobalt tetrachloride,

[3,5,3",5'-tetraisopropyl-N,N-bis-{ (6-pyridin-2-yl)pyridin-2-ytmethylene} -biphenyl-

20 4, 4'-diamine]dicobalt tetrachloride,
[3,5,3",5"tetraisopropyl-N,N-bis-{(6-pyridin-2-yl)pyridin-2-ylethylidene} -biphenyl-
4.4'-diamine]dicobalt tetrachloride,

[3,5,3",5'-tetramethyl-N,N-bis- {{6-pyridin-2-yl)pyridin-2-ylmethylene} -biphenyl-4,4 -
diamine]dicobalt tetramethyl,

25 [3,5,3",5" -tetramethyl-N,N-bis- {(6-pyridin-2-yl)pyridin-2-ylethylidene} -biphenyi-4,4'-
diamine]dicobalt tetramethyl,

[3,5,3",5"-tetraisopropyl-N,N-bis- { (6-pyridin-2-yl)pyridin-2-ylmethylene} -biphenyl-
4,4'-diamine]dicobalt tetramethyl,



hydr oxyt ol uene] di ni ckel tetrabrom de, [bis-

{4-(pyridin-2-yl-nethyl eneam no) - 3, 5-di i sopropyl phenyl } -4-

hydr oxyt elQuzeesjmeos ckel tetrabrom de, s PCT/EP2005/005653

[ bi s-{4-(pyridin-2-yl-ethylideneam no)-3, 5-diisopropyl phenyl }-4-

hydr oxyt ol uene] di ni ckel tetrabrom de, 42

[ bi s-{4-(pyridin-2-yl-nmethyl eneam no) - 3, 5- di net hyl phenyl } -4-nitrotol uene]din
ickel tetrabrom de,

[ bi s-{4-(pyridin-2-yl-ethylideneam no) -3, 5-di net hyl phenyl }-4-nitrotol uene]di
nickel 1o tetrabromde, [bis- {4-(pyridin-2-yl-methyl eneam no)- 3,

5-di i sopropyl phenyl } -4- nitrotoluene]dinickel tetrabrom de, [Dbis-

{4- (pyri di}H52Y, ynemimpmmmmquﬁ-ayﬁm—ﬁmrmpyngﬂmngucgenembiphenyl-

nitrotolu di ni te1rabr
[ bi s-{4- ( bW%@H ﬁ&Lm no) 3 5- di net hyl phenyl } - 4-

i sopropyl Tﬂbi{ﬁf(P}ﬂdlﬂlﬁﬁﬂneﬂﬁrie'h%ﬁﬁm §l§+d1fn@ﬂ12'1 phenyl} -methane]dlmckel
{4-(pyridin- et hyl i deneam no) - 3 yl phenyl } -
i sopropyl t éqml]dda ni ckel tetrabrom de, [bis-

P P S R s

{4- (pyri ditgtraBrothidef hyl i deneami no) - 3, 5 di | sopr opyl phenyl } -
i sopropyl tal uene] di ni ckel tetrabronid

{4- (pyri dilpisd4 ;Kpm@pr?yyleﬁﬁéﬁlmeneem@@a?aérm’é@wypﬂﬁbﬂw}} methepgidinickeh- 2- yi -

et hyl eneggy gz) 5-dii sopropyl phenyl} -methane]dinickel tetrabromde, 25
[ bi s-{4-(pyridin- 5 yl - met hyl eneam no) - 3, 5- di et hyl phenyl } - net hane] di ni ckel
tetrachl m[ind-e{cl-(ppném q-ytl-tétpylddedbmiﬁeyli,-SGiiisminomelpha‘ryﬂhm)eﬂﬁpéjdﬂiiwiei hyl phenyl }

- met haﬂ)e] Qi lbckel tetrachl oride, WD 2005/118605 PCT/ EP2005/ 005653 44
etrabromide,

{bis-{4-(pyridin-2-yl-methyleneamino)-3,5-dimethylphenyl } -toluene]dinickel
tetrabromide,
[bis- {4-(pyridin-2-yl-ethylideneamino)-3,5-dimethylphenyl } -toluene]dinickel
tetrabromide,

15 [bis-{4-(pyridin-2-yl-methyleneamino)-3,5-diisopropylphenyl} -toluene]dinickel
tetrabromide,
[bis- {4-(pyridin-2-yl-ethylideneamino)-3,5-diisopropylphenyl} -tolueneldinickel
tetrabromide,
[bis-{4-(pyridin-2-yl-methyleneamino)-3,5-dimethylphenyl}-4-

20 bromotoluene]dinickel tetrabromide,
[bis- {4-(pyridin-2-yl-ethylideneamino)-3,5-dimethylphenyl}-4-
bromotoluene]dinickel tetrabromide,
[bis- {4-(pyridin-2-yl-methyleneamino)-3,5-diisopropylphenyl}-4-
bromotoluene]dinickel tetrabromide,

25  [bis- {4~(pyridin-2-yl-ethylideneamino)-3,5-diisopropyiphenyl} -4-
bromotoluene]dinickel tetrabromide,
[bis- {4-(pyridin-2-yl-methyleneamino)-3,5-dimethylphenyl } -4-
hydroxytoluene]dinickel tetrabromide,



[ bi s-{4-(pyridin-2-yl-nethyl eneam no) -3, 5-di i sopropyl phenyl } - net hane] di ni cke
| tetrachl ori de,

[ hi s-{4- worédimssdsyl - et hyl i deneam no) - 3, 5-di i sopr opy!| phremysBesossae] di ni ck
el tetrachloride, 5 '

[ hi s-{4-(pyridin-2-yl-nmethyl eneam no) -3, 5-di net hyl phenyl } -t ol uene] di ni ckel
tetrachloride, [his- {4-(pyridin-2- yl-éthylldeneanlno) 3, 5-di net hyl phenyl }
-tol uene] di ni ckel tetrachloride, [bis-

{4- (pyridin-2-yl-net hyl eneam no) - 3, 5-di i sopropyl phenyl} -tol uene]dini ckel

to tetrachloride, [bis-

{4-(pyridin-2-yl-ethylideneam no)-3, 5-diisopropyl phenyl }-tol uene] dinickel

L aeh!or el LA les BB RRARR S 3.5~ ety pheny ]}

{4-(pyri dlh[ydiewtoleeﬂﬂdmﬂkdamhm)ude 5-di net hyl phenyl } -4-

o Cpyr i di rie HnERRy shureael- 3 ip bRy bRy - 4

br onot ol uepeRBeivibiakRldihRkERcRIRELAE, [Dis-
{4-(pyridin-2- I -et hyl i deneamn no) - 3, 5-diisopr ogyl phenyl -4- 20

br omot ob uelbis H-tveidi-2-yEethatifenspnine)- 3{51:ﬂ1¥§0131‘0pylp enyl}- 4‘

{4- (pyridin- 5- di met hyl phenyl } -

hydr oxyt ol &%e{@lﬁg&e&%ﬁﬁg %ghﬁ%%lia?’de [ bi s-

(4- (pyridi mszwtpyeﬂhyiwﬁﬁreﬁ@mmahnﬁ)-s delﬂﬁtﬁjzw}ﬂhﬂ}lw hitrofbluene]dinicket
hydr oxyt ol uentapdl ni ckel tetrachl oride,

[ bi s-{4- (p Aucs, »y| - met hyl eneani no) - 3 5 di i sopropyl phenyl } - 4-
?Zdz g§¥f 8: n?él‘{ﬂ ﬁﬂygfflﬁ};? ?Egﬁlgg%&%%ﬂfdoﬂg \5- c[l?flegxg%ﬁhgg}&l[} b4hn1tr§l)|to}luene]dmwkel
hydr oxyitol ‘@bfﬂia})mldﬂ ckel tetrachloride, WO 2005/118605 PCT/ EP2005/ 005653
[bis- {4-(pyridin-2-yl-methyleneamino)-3,5-diisopropylpheny!} -4~
nitrotoluene]dinickel tetrabromide,
[bis- {4-(pyridin-2-yl-ethylideneamino)-3,5-diisopropylphenyl} -4-
nitrotoluene]dinickel tetrabromide,
15 [bis-{4-(pyridin-2-yl-methyleneamino)-3,5-dimethylphenyl} -4-
isopropyltoluene]dinickel tetrabromide,
[bis- {4-(pyridin-2-yi-ethylideneamino)-3,5-dimethylphenyl} -4-
isopropyltolueneldinickel tetrabromide,
[bis- {4-(pyridin-2-yi-methyleneamino)-3,5-diisopropylphenyi} -4-
( 20 isopropyltoluene]dinickel tetrabromide,
| [bis-{4-(pyridin-2-yl-ethylideneamino)-3,5-diisopropylphenyl}-4-
isopropyltoluene]dinickel tetrabromide,
[{4-(pyridin-2-yl-methyleneamino)-3,5-dimethylphenyl} - {4-(pyridin-2-yl-
methyleneamino)-3,5-diisopropylphenyl} -methane]dinickel tetrabromide,
25 [bis-{4-(pyridin-2-yl-methyleneamino)-3,5-dimethylphenyl} -methane]dinickel
tetrachloride,
[bis- {4-(pyridin-2-yl-ethylideneamino)-3,5-dimethylphenyl} -methane]dinickel
tetrachloride,



45 [bis- {4-(pyridin-2-yl-nmethyl eneam no) -3, 5-di net hyl phenyl }
-4-nitrotoluene] dinickel tetrachloride,

[ hi s-{ 4W300s/8i86e2- y| - et hyl i deneani no) - 3, 5- di net hyl phe RETYER2085/003658 0| uene] di
nickel tetrachloride, 5 [bis-
{4-(pyridin-2-yl-nethyl eneam no) - 3, 5-g4i i sopr opyl phenyl } - 4-

nitrotol uene]dinickel tetrachloride, [bis- { 4-(pyridin-2 -yl-ethyl

deneanm no)-3 , 5 -diisopropyl phenyl } -4- nitrotol uenel dinickel
tetrachloride, [bis-{4-(pyridin-2-yl-nethyleneam no)-3,5-di net hyl phenyl} -4
| o i sopropyl tol uene] dini ckeltetrachloride, [bis-
{4-(pyridin-2-yl-ethylideneam no)-3, 5-di met hyl phenyl } -4-

i sopr opyI it {fe@otidi -ykmieﬂiyéqneamiﬂoa)ﬂiﬁ@isopmpglphenyﬁ/ -methane]dinickel

{4-(pyrid E?%% | - met hyl eneam no) - 3, 5-di i sopropyl phenyl } -4-

|sopropyl ti ni ckel tetrachloride, 15 [bis-

{4- (pyri dibft= &~plyridintlyl-elbphadtieARimop3 - &i%ﬁﬂ@&%ﬁﬁ%ﬁ&hﬂmﬁhmcke]

i sopropyl t ol uene] di ni ckel tetrachl orid

[ {4- (pyrlﬁﬁﬁm- > met hyl eneam no) - 3, 5- dlnethylphenyl {4-(pyridin-2-yl-

bi o {4 PRyt GyRaB-Syl RE ARG Sanlah IR tP“%**ﬁeﬁ%é‘fﬂLﬁé} di hi ckel
20 tﬁt ra]nleh'ib,hlonc{ebl s- {4- (pyr| di n- 2 yl - et hyl i deneam no) -3, 5-di net hyl phenyl }
- met hane

{4- (pyri d}%ifngcéﬂmﬁ’é‘:’:%’ %tﬂglé‘i‘\%/“ﬁﬁ“}’ ésd@WMHWVBH@WP‘}]d‘Whane] di ni ckel

t et r amet hydrachioride
[ bi s-{4-(pyridin- 2 yl - et hyl i deneam no) - 3, 5-di i sopr opyl phenyl } - met hanej di ni ck

el tet r a[l’mtfﬂy@ynpmr%-yl-mtwwemm@—z,Sydliiwptdwlpémdh‘it@u%@@iﬁic ¢elnet hyl phenyl } -

t ol ue cﬁ( ol etramet hyl ,
[ bis- ? 6 2 yl - et hyl i deneam no) - 3, 5- di net hyl phenyl } -t ol ueue] di ni ckel

[bls {4- (pyndm-Z-yl-ethylideneamino)—3,5-diisopropylpheny1}—toluene] dinickel
tetrachloride,

[bis-{4-(pyridin-2-yl-methyleneamino)-3,5-dimethylphenyl}-4-
bromotoluene]dinickel tetrachloride,

15  [bis-{4-(pyridin-2-yl-ethylideneamino}-3,5-dimethylphenyl} -4-
bromotoluene]dinickel tetrachloride,
[bis-{4-(pyridin-2-yl-methyleneamino)-3,5-diisopropylphenyl} -4-
bromotoluene]dinickel tetrachloride,
[bis-{4-(pyridin-2-yl-ethylideneamino)-3,5-diisopropyiphenyl} -4-

20 bromotoluene]dinickel tetrachloride,
[bis-{4-(pyridin-2-yl-methyleneamino)-3,5-dimethylphenyl} -4-
hydroxytoluene]dinickel tetrachloride,

{bis- {4-(pyridin-2-yl-ethylidencamino)-3,5-dimethylphenyl} -4-
hydroxytoluene]dinickel tetrachloride,

25  [bis- {4-(pyridin-2-yl-methyleneamino)-3,5-diisopropylphenyl} -4-
hydroxytolueneldinickel tetrachloride,

[bis- {4-(pyridin-2-yl-ethylideneamino)-3,5-diisopropylphenyl} -4-
hydroxytoluene}dinickel tetrachloride,



tetranmet hyl, WO 2005/118605 PCT/ EP2005/ 005653 46

[ bi s-{4-(pyridin-2-yl-nmethyl eneam no) -3, 5-di i sopropyl phe

- t ol uene] WOH0BK 18605t et r anet hyl , [ bi s- XTTEPZOOS"‘“S“:*
{4-(pyridin-2-yl-ethylideneam no) -3, 5-dii sopropyl phenyl} -toluene]dinickel
tetramethyl, 5 [Dbis-{4-(pyridin-2-yl-ngthyleneam no) -3, 5-di net hyl phenyl } - 4-
br onot ol uene] di ni ckel tetranmethyl, [bis-

{4-(pyridin-2-yl-ethylideneam no) -3, 5-di et hyl phenyl } - 4-

br onot ol uene] di ni ckel tetranethyl, [bis- {4-(pyridin-2-yl-nethyleneam no)-3,
5-di i sopropyl phenyl } -4- 1o bronotol uene] di ni ckel tetranethyl [bis-

4- ridin-2-yl-ethylideneam no)-3, 5-diisopropylphenyl
E)r OETS¥O| uelbdyg (ﬂ%/ y-Zt}é-m m}mnq)-@l,ssdlmethypl)pheg%} E)4—‘n11I>c/3tc%luene]dmlcke:l

{4-(pyridi t hyl eneam no) - 3, 5-di net hyl phenyl } -4-
hydr oxyt ol ﬂe%e‘*gm?fckel tetranmethyl, 15

[ bi s- (4- ( ppis-¢4p3Ridit- 2qxuamyhdmemmd)o)5-&n&tmmhmL@harmwh)m}dmwkel
hydroxytoluene]dlnlckel tetramethyl, [bis-

{4- (pyri di Wreellptidet hyl eneani no) - 3, 5- di | sopr opyl phenyl } -4-
hyd I ;q&g -
{Z-Exﬂsgl 2%&@(@?%% y B@YAO)Q %?lﬁssgmlpgﬁhm %ar{']lyl} -4- 20
hydr oxyt ol udnetilaéne]dikieke! tatachiostdy| , [bis-

4- i d di et h
R E S S e %@e@ﬁ S FEjogtorpitayt}+-

4- (pyri di nniZroydludie hxbﬁ&m%lﬂﬁ&le , 5-di net hyl phenyl } -4-nitrotoluene]
di ni ckel tetranethyl,

[ bifs- { 4- ( plpis-dif-hoypi m—2ﬁérmvhlémmm)3 BdmedniphepyB Y| phenyl } - 4-

ni trot olyueel AL Pk akSle1difickd i oride,

[bis- {4-(pyridin-2-yl-ethylideneamino)-3,5-dimethylphenyl} -4-
isopropyltoluene]dinickel tetrachloride,

fbis- {4-(pyridin-2-yl-methyleneamino)-3,5-diisopropylphenyl} -4-
isopropyltoluene]dinickel tetrachloride,

15  [bis-{4-(pyridin-2-yl-ethylideneamino)-3,5-diisopropylphenyl}-4-
isopropyltoluene]dinickel tetrachloride,
[{4-(pyridin-2-yl-methyleneamino)-3,5-dimethylphenyl} - {4-(pyridin-2-yl-
methyleneamino)-3,5-diisopropylphenyl} -methane]dinickel tetrachloride,

[bis- {4-(pyridin-2-yl-methyleneamino)-3,5-dimethylphenyl} -methane]dinickel

20 tetramethyl,

[bis-{4-(pyridin-2-yl-ethylideneamino)-3,5-dimethylphenyl} -methane}dinickel
tetramethyl,

[bis- {4-(pyridin-2-yl-methyleneamino)-3,5-diisopropylphenyl} -methane]dinickel
tetramethyl,

25 [bis- {4-(pyridin-2-yl-ethylideneamino)-3,5-diisopropylphenyl} -methanejdinickel
tetramethyl,[bis-{4-(pyridin-2-yl-methyleneamino)-3,5-dimethylphenyl}-
toluene]dinickel tetramethyl,

{bis- {4-(pyridin-2-yl-ethylideneamino)-3,5-dimethylphenyl} -toluene]dinicket
tetramethyl,



[bis- {4-(pyridin-2-yl-ethylideneam no)-3 , 5-diisopropyl phenyl } -4-
nltrotoluene$d|n|ckel tetranet hyl, WO 2005/ 118605 PCT/ EP2005/ 005653 47
[ bi s-{4-WO\0PHI18605- y| - net hyl eneani no) - 3, 5- di met hyl phenyP§T/EP2005/005653

i sopropyl tol uene] di ni ckel tetramethyl, [bis-
{4-(pyridin-2-yl-ethylideneam no) -3, 5; glnethylphenyl} 4-

i sopropyl t ol uene] di ni ckel tetranethyl,

[ bi s-(4-(pyridin-2-yl-nethyl eneam no) - 3 5-di i sopropyl phenyl } - 4-

i sopropyl tol uene] di ni ckel tetramethyl, [Dbis-
{4-(pyridin-2-yl-ethylideneam no)-3, 5 di i sopropyl phenyl } -4-

i sopropyl t ol uene] di ni ckel tetranethyl,

[{4- (pyri @hig{2«pyridinhyl-nabsizhed)ind)-H5 diseiroyyphan)-foldefejdmisketi n- 2-yl 10
met hyl eneami no% % 5-dii sopropyl phenyl } - met hane] di ni ckel tetramethyl,
[ bi s-{4- ( perst?2- yI - met hyl eneani no) - 3, 5- di met hyl phenyl }

-met h

{Ze( pspﬂjﬁlgghﬁi ‘#ﬂ]zl f'lﬁﬂ‘%nﬁ?ﬁlﬁ%gﬁ%) %gﬁn&rﬁwlg%e Eomeﬁ%][dllﬁellcnkea]ldl pal | adi um

t et r abr onitate i

[gl ;a{ 210( meﬂ@ I eneam 6‘5 :) 3 dlmel;glyp 1Prlo_El}/I phenyl } - met hane] di pal | a

di um glg)mdﬂ\{ 2-y yleneamin

[ bi s- {4 (IBYdrh&blﬁeRe]bﬂmcﬁ&hﬁéhhﬂ@m%m no) - 3, 5- di i sopr opyl phenyl } - et hane] di pal |
adium tetrabromde, [bis-

{ 4- (pyr i dilbis-A4pyridinfyyleatelideneimian)ss, Sidiraethylpbensty#} - t ol uene] di pal | adi urn
20 tetrab PO%cﬂﬁluaLéjh%lcflcé{ %‘%E%#p 2-yl -et hyl i deneam no) - 3, 5- di net hyl phenyl }

-tol uene] Ipa

[ bi s-{4- (Wm{d{wﬁdmi%ﬁaﬁ%&@m@@ 5 JiiSopgopypineyd-phenyl } - t ol uene] di pal | a
dium tetrabro

[ bi s- {¥- ( byamele e‘ZBJQHmCé’FhE?FPQ}E%]am no) - 3, 5-di i sopropyl phenyl }-t ol uene] di pal |
adi um [bis- {4-(pyridin-2-yl-ethylideneamino)-3,5-diisopropylphenyl} -4~

bromotoluene]dinickel tetramethyl,
[bis- {4-(pyridin-2-yl-methyleneamino)-3,5-dimethylphenyl} -4-
hydroxytolueneldinickel tetramethyl,

15 [bis- {4-(pyridin-2-yl-ethylideneamino)-3,5-dimethylphenyl} -4-
hydroxytolueneldinickel tetramethyl,

[bis- {4-(pyridin-2-yl-methyleneamino)-3,5-diisopropylpheny!}-4-
hydroxytoluene]dinickel tetramethyl,
[bis-{4-(pyridin-2-yl-ethylideneamino)-3,5-diisopropylphenyl } -4-

20 hydroxytoluene]dinickel tetramethyl,
[bis-{4-(pyridin-2-yl-methyleneamino)-3,5-dimethylphenyl } -4-nitrotoluene]}dinickel
tetramethyl,

[bis- {4-(pyridin-2-yl-ethylideneamino)-3,5-dimethylphenyl } -4-nitrotoluene]dinickel
tetramethyl,

25  [bis-{4-(pyridin-2-yl-methyleneamino)-3,5-diisopropylphenyl}-4-
nitrotoluene]dinickel tetramethyl,

[bis- {4-(pyridin-2-yl-ethylideneamino)-3,5-diisopropylphenyl} -4-

nitrotoluene]dinickel tetramethyl,



tetrabrom de, [bis- {4-(pyridin-2-yl-nmethyleneam no)-3, 5-dinethylphenyl }
-4- bronot ol uene] di pal | adi um tetrabrom de, WO 2005/ 118605 PCT/ EP2005/ 005653
48 [ bi s- Moemprilghon- 2- yl - et hyl i deneam no) - 3, 5- di net hy| plTITyEB2085/005653

br onot ol uene] di pal | adi um t et r abr om de,

[ bi s-{4-(pyridin-2-yl-methyl eneam no) - % 5-di i sopropyl phenyl} -4-

br onot ol uene] di pal | adi um t et rabrom de

[ bi s-{4-(pyridin-2-yl-ethylidenean no)-3, 5-diisopropyl phenyl }-4-

br onot ol uene] di pal | adi um t et r abr om de,

[ bi s-{4-(pyridin-2-yl-nethyl eneam no) - 3, 5- di net hyl phenyl } -4-

hydr oxyt ol uene] di pal | adi um t etrabrom de, [bis-

{4- (pyridi b3 lRRAANEN &lh{éﬁ{)lipﬂ '} -4- 10

hydr oxyt ol enet%( ygailﬁy%gl um tet regl%ourn%?nSc%; br's- eHPI?W

{4-(pyri dlmemowltomn]ﬁhmﬁ@mmweﬂ@w di i sopropyl phenyl } -4-

A pyr i W B Pk B a S gy ) -
hydroxytolsd ﬂtomwnhﬁmmfmwaﬁﬁm mde, 15

[ bi s-{4- (pyr |n met h neam no) 3,5-di net hyl phenyl } - 4-
ni trot oPue -ulrﬁnpéw%e@smmob‘é 5-giigogropylphenyl} -4-

Lo S'e’%ef’aﬁfﬁtﬁegﬁdﬁfﬁnaﬁ??ﬁa%’%h e, o yipnenyt 4

[b][ s- §4| (pﬁbﬂﬂ-gi (pyddinl2- NbEtflyl;mgaﬁimgB;ﬁdi&oﬂioipslphemwiaheny|} -4 20
ni trot ol uene] di um r abr e,

[ bi s-{4- (p??’%raﬁ’)ﬁ%%“ ﬁﬁ@?ﬂ? 'no) - 3, 5- di i sopropyl phenyl } -

ni tr ot ol uenalghriah badikehietdabhOm SRiimethylphenyl}-{4-(pyridin-2-yl-
[ bi s-{4- (pyr|d| n- 2-%q-rret% eanea% no }%65278 eny}{ ;()%Bénn;/tll %y-4-
y

i sopr op¥l t@ﬁﬁhﬂ@é?@iﬂp@] Lédﬁlla?@ff’élflpbﬂﬂy @ane]dlﬂickel tetrameth
[bis-{4-(pyridin-2-yl-methyleneamino)-3,5-dimethylphenyl} -methanejdipalladium

tetrabromide,
[bis-{4-(pyridin-2-yl-ethylideneamino)-3,5-dimethylphenyl} -methane]dipalladium
tetrabromide,

15  [bis-{4-(pyridin-2-yl-methyleneamino)-3,5-diisopropylphenyl} -methane]dipalladium
tetrabromide, .
[bis-{4-(pyridin-2-yl-ethylidencamino)-3,5-diisopropylphenyl} -methane]dipalladiam
tetrabromide,

{bis-{4-(pyridin-2-yl-methyleneamino)-3,5-dimethylphenyl} -toluene]dipalladium

( 20 tetrabromide,
[bis-{4-(pyridin-2-yl-ethylideneamino)-3,5-dimethylphenyl} -toluene]dipalladium
tetrabromide,
[bis-{4-(pyridin-2-yl-methyleneamino)-3,5-diisopropylphenyl}-toluenejdipaltadium
tetrabromide,

25 [bis-{4-(pyridin-2-yl-ethylideneamino)-3,5-diisopropylphenyl} -toluene]dipalladium
tetrabromide,

[bis-{4-(pyridin-2-yl-methyleneamino)-3,5-dimethylphenyl} -4-

bromotoluene]dipalladium tetrabromide,



25 [bis-{4-(pyridin-2-yl-ethylideneam no)- 3, 5-di net hyl phenyl }- 4-

i sopropyl tol uene] di pal | adi um tetrabrom de, [Dbis-

{4- (pyr i Wion20Rs/y1860%t hyl eneami no) - 3, 5-di i sopropyl phenyl PET/EP2005/005653

i sopropyl tol uene] di pal | adi um t et rabr om de, WO 2005/ 118605 PCT/ EP2005/ 005653
49 [bis- (4-(pyridin-2-yl-ethyli denea%no) 3, S -diisopropyl phenyl} -4-

i sopropyl toluene]dipalladiumtetrabro

{4- (pyridin-2-yl-net hyl eneam no) - 3, 5- di net hyI phenyl }-{4- (pyridi n-2-yl -

met hyl eneam no) - 3, 5-di i sopropyl phenyl } -nethane]di palladiumtetrabrom de, 5
[ his-{4-(pyridin-2-yl-methyl eneam no) -3, 5-di net hyl phenyl } - net hane] di pal | adi u
m tetrachloride, [bis-

{4- (pyri difpis24 h;d—ylcaﬂﬂm&lmma)-’éscmﬁﬁm Whemdpwl } - met hane] di pal | adi um
tetrachl ori de, is- {4-(pyridin- 2‘({ - met hyl eneam no) - 3, 5-di i sopropyl phenyl }
Cde,

- met haneL dreraotoieneldipal vt [ bi s- | ol »
P AR A il .
Lot achl of P8 PHR B0y 5 bR ABBAE ) ety phenyi)

- t ol uene] bidmpetbluedeé]dipalladituhaetritesmitiz, 15

bi s- { 4- 2yl -ethyl i d ).- 3, 5- di met hyl pheny! }- t ol di pal | adi
Lo L B Gutah iz ety dencannino) 3 5-ditsopropyiphenst g | 1t O uenel dipalfad

{4-(pyridi n [ H{ﬁéil mig:- di i sopropyl phenyl} -tol uene]dipalladi um
tetrachl or Poc]ﬁox H@ %ﬂ%%?ﬁ;r% et hyl i deneani no) - 3, 5-di i sopropyl phenyl }

- t ol uene] dbipeUi{agidin2- ?lanbihweaeehhmo)ﬁl,é ;difnbthglphenyl}-4-
br oot ol UV SH e Sohram e, [bios
{ 4- (pyri difpis A4y bysdinyd-yldaRarith b ma)-3 I-dineelippepapay| } - 4-

10 hydroxytolueneldipalladium tetrabromide,

[bis- {4-(pyridin-2-yl-methyleneamino)-3,5-diisopropylphenyl} -4-
hydroxytoluene]dipailadium tetrabromide,
[bis- {4-(pyridin-2-yl-ethylideneamino)-3,5-diisopropylphenyl} -4-
hydroxytoluene]dipalladium tetrabromide,

15  [bis-{4-(pyridin-2-yl-methyleneamino)-3,5-dimethylphenyl} -4-
nitrotolueneldipalladium tetrabromide,
[bis-{4-(pyridin-2-yl-ethylideneamino)-3,5-dimethylphenyl}-4-
nitrotoluene]dipalladium tetrabromide,
[bis-{4-(pyridin-2-yl-methyleneamino)-3,5-diisopropylphenyl } -4-

20  nitrotoluene]dipalladium tetrabromide,
[bis-{4-(pyridin-2-yl-ethylideneamino)-3,5-diisopropyiphenyl } -4-
nitrotoluene}dipalladium tetrabromide, |
[bis-{4-(pyridin-2-yl-methyleneamino)-3,5-dimethylphenyl} -4~
isopropyltolueneldipalladium teirabromide,

25  [bis-{4-(pyridin-2-yl-ethylideneamino)-3,5-dimethylphenyl}-4-
isopropyltoluene}dipalladium tetrabromide,
[bis-{4-(pyridin-2-yl-methyleneamino)-3,5-diisopropylphenyl } -4-

isopropyltoluene]dipalladium tetrabromide,



br onot ol uene] di pal | adi um tetrachl ori de, 25

[ bis-{4-(pyridin-2-yl-nethyl eneam no) - 3, 5-di i sopr opyl pherB/ E

br onot ol MeM94§/138605 adi um t et rachl ori de, [bis- T/EP2005/005653
{4-(pyridin-2-yl-ethylideneam no)-3, 5-diisopropyl phenyl } - 4-

br onot ol uene] di pal | adi um tetrachl ori de, WO 2005/ 118605 PCT/ EP2005/ 005653
[ bi s-{4-(pyridin-2-yl-nmethyl eneam no) @ 5-di net hyl phenyl } - 4-

hydr oxyt ol uenej di pal | adi um tetrachl ori de,

[ bi s-{4-(pyridin-2-yl-ethylideneam no)- 3, 5-di net hyl phenyl } -4-

hydr oxyt ol uene] di pal | adium tetrachl oride, 5

[ bi s-{4-(pyridin-2-yl-nmethyl eneam no) -3, 5-di i sopropyl phenyl } - 4-

hydr oxyt ol ' j Lrac

{Z- ( py?/i di @?ﬁ%ﬁj@%?% g‘ﬁ?‘“ﬁo %’? 35’d §1,18,0§g Bhrdhehyr 3 -4
hydr oxyt ol isepepdidiedreddipaliadived fe&ﬁﬂstbﬁﬁdsje [b| s-
{4-(pyridin-2-yl-nethyl eneam no) -3, 5-di net hyl phen -4- 1o
nitrotol ueﬁé](HV%%lP’rQa RAthyleneaainpb3, ﬁﬂlémethylphenyl} 4 (pyndm-z -yl-

[ b1 s- {4 ( PidicRedimiley 9%“&%5?:%@@?@&;@2%&% R faRlbs LR ER b mid;

ni t r ot ol uene| di pa umtet

{4- (pyr Bdi Fmsz{‘y‘(pwﬁnm%yémmlmlm)mmaéoﬁ ﬂ'smhh}d}ﬂwngl}elmyﬂhar}e]dlipaliadium
ni trotol ue gjﬁ%}lﬁnéf adium tetrachl oride, 15

[ bi s-{4- (p{} - et hyl i deneam no) - 3, 5-di i sopr opyl phenyl } - 4-
ni trot ol uengd-g4- Q@ﬂdﬂdﬂ%@eﬂﬂhﬂ@d‘eﬁﬁﬁfd}@% dimethylphenyl}-methane]dipalladium
[ bis-{4- (pél’l di n- - met hyl eneam no) - 3, 5- di net hyl phenyl } -4-

i sopropyl t Ffﬂl@ﬂ@]“iﬂ paI | adi um tetrachl ori de,

0 U5 B RO By oM b

{4- (pyriodi mraem:bﬁdmt hyI eneam no) - 3, 5-di i sopropyl phenyl }-4-

I sopr opy! tﬁ)l u?lp ?}l djd?t?- -y !thyindcneamlno) 30§ dnsopropylphenyl}-methane]dlpalladlum
tetrachloride,
[bis- {4-(pyridin-2-yl-methyleneamino)-3,5-dimethylphenyl} -toluene]dipalladium
tetrachloride,

15 [bis-{4-(pyridin-2-yl-ethylideneamino)-3,5-dimethylphenyl} -toluéne] dipalladium
tetrachloride,
[bis-{4~(pyridin-2-yl-methyleneamino)-3,5-diisopropylphenyl} -toluenejdipalladium
tetrachloride,
[bis- {4-(pyridin-2-yl-ethylideneamino)-3,5-diisopropylphenyl} -toluene]dipalladium
( 20 tetrachloride,
[bis-{4-(pyridin-2-yl-methyleneamino)-3,5-dimethylphenyl}-4-
bromotoluene]dipalladium tetrachloride,
[bis-{4-(pyridin-2-yl-ethylideneamino)-3,5-dimethylphenyl} -4-
bromotoluene]dipalladium tetrachloride, |
25  [bis-{4-(pyridin-2-yl-methyleneamino)-3,5-diisopropylphenyl}-4-

bromotoluene]dipalladium tetrachloride,
[bis- {4-(pyridin-2-yl-ethylideneamino)-3,5-diisopropylphenyl}-4-

bromotoluene]dipalladium tetrachloride,
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[his- { 4-(pyridin-2-yl-ethylideneam no)-3, 5-diisopropylphenyl } -4-

i sopropyl t ol uene] di pal | adi um tetrachl ori de, 25

[ {4- ( pyr W 0¥118605vet hy| eneani no) - 3, 5- di et hyl phenyl } - { PQTERZOYS5653y | -

net hyl eneami no) - 3, 5-diisopropyl phenyl}-nmet hane] di pal | adi um tetrachl ori de,
[bi s- {4-(pyridin-2-yl-nethyl eneam no) - 3, 5-di net hyl phenyl }

- met hane] di pal | adi um tetranet hyl, V\D59005/ 118605 PCT/ EP2005/ 005653 51

[ bis-{4-(pyridin-2-yl-ethyli denean no) - 3, 5- di met hyl phenyl } - net hane] di pal | adi
um tetranethyl,

[ bi s-{4-(pyridin-2-yl-nethyl eneam no) -3, 5-di i sopropyl phenyl } - met hane]

di pall adium tetranmethyl, 5

Lbis- {4 ( il i ﬁa-;a'.%ﬁmyh&iﬂe%@%moﬁekzém%ﬂg',iﬂh%sﬁs.Qu@y' phenyl } - net hane] di pal |

adium tetT

4- (pyridi ﬂryaroycytomhw}emeaimnf&ha&l&dﬁ met hyl phenyl } -t ol uene] di pal | adi um
tetranet hyl, [ bs- 2{4 (PYridin-2-Y1l-ethy | |dene?m no) - 3, 5- di net hYl phenYl}
-t ol uene] Abisdfr G “Yoethideaganiip)-3.Spdipsthylphenyl}-4

{4-(pyri d'h?dl%x*ﬂoll[&‘ﬁ%mﬂaﬂﬁﬁﬁmféﬂlclﬁor'i_’ded' i sopropyl phenyl } -t ol uene] di pal | adi um

tetrameth
[ bi s-{ 45 ( ;ﬂyls-l{dr(pyﬁdlwfza-ﬂt-m;zthywanmmn)}&ﬁ-@;sﬁp@pybb@n@}pﬁ phenyl } -t ol uene] di pal |
adi um

bi s 4 ( Vﬁ}(%nﬁfdswéleﬂwbwgg?hlng 5- di met hyl phenyl ) - 4-

br onot ol ugrigly ql-(?fa‘llldhﬁfﬁ ﬂ%thﬁ‘ide%@ﬁhﬂkﬁj 3 5[&3is§pro ylphenyl} -4-
{4-(pyri d| n- | 1 deneam no) di metﬁ thenyl -4-
br oot ol udiyénos aﬁhmﬂﬁﬂ@m@ﬁe@hmde [ bis-

o s R AR g ) & 7

10 nitrotoluene]dipalladium tetrachloride,
[bis-{4-(pyridin-2-yl-ethylideneamino)-3,5-dimethylphenyl} -4-
nitrotoluene]dipalladium tetrachloride,

[l;is- {4~(pyridin-2-yl-methyleneamino)-3,5-diisopropylphenyl }-4-
nitrotoluenejdipalladium tetrachloride,

15 [bis-{4-(pyridin-2-yl-ethylideneamino)-3,5-diisopropylphenyl}-4-
nitrotoluene]dipalladium tetrachloride,
[bis-{4-(pyridin-2-yl-methyleneamino)-3,5-dimethylphenyl} -4-
isopropyltoluene]dipalladium tetrachloride,

[bis- {4-(pyridin-2-yl-ethylideneamino)-3,5-dimethylphenyl} -4-
20  isopropyltolueneldipalladium tetrachloride,
[bis- {4-(pyridin-2-yl-methyleneamino)-3,5-diisopropylphenyl }-4-
isopropyltoluene]dipalladium tetrachloride,
[bis-{4-(pyridin-2-yl-ethylideneamino)-3,5-diisopropylphenyl} -4-
isopropyltoluene]dipalladium tetrachioride

25 [{4-(pyridin-2-yl-methyleneamino)-3,5-dimethylphenyl} - {4-(pyridin-2-yl-
methyleneamino)-3,5-diisopropylphenyl} -methane]dipalladium tetrachloride,
[bis-{4-(pyridin-2-yl-methyleneamino)-3,5-dimethylphenyl} -methane]dipalladium
tetramethyl,



[bis- {4-(pyridin-2-yl-ethylideneam no)-3, 5-diisopropyl phenyl} -4-

br onot ol uene] di pal | adi um tetranet hyl, [bis-

{4- (pyri sWo2@sgis6oet hyl eneam no) - 3, 5- di et hyl phenyl } - 4PCT/EP2005/005653

hydr oxyt ol uene] di pal | adi um tetranet hyl, 25

[ bi s-{4-(pyridin-2-yl-ethylideneam no) -3, 5-di net hyl phenyl } - 4-

hydr oxyt ol uene] di pal | adi um t et r anet hyl51 [ bi s-

{4- (pyridin-2-yl-nmet hyl eneam no) - 3, 5-di i sopr opyl phenyl } - 4-

hydr oxyt ol uene] di pal | adi um tetranet hyl, WO 2005/118605 PCT/ EP2005/ 005653
[ bi s-{4-(pyridin-2-yl-ethylideneam no)-3, 5-diisopropyl phenyl }-4-

hydr oxyt ol uene] di pal | adi um tetranet hyl, [bis-

4- ridin:2-y]-nethyl eneam no) -3, 5.di net henyl} -4-_ . .
b 1 ot of udiT UG ek - B RgF 3 e et ey f hthaneldipaladium
[ hi s-{4- ( pwkadéAy12- Y - et hyl i deneam no) - 3, 5- di met hyl phenyl } - 4-
ni trot ol uene] di pal | adi um t et ranet hyl , _
[ bi s- { 4- ( ppis- th-yRdipt2-emisthyteneamminay B ,S3diGoptopsippemp} - methanyldjpalladium
ni trotol uetgg%rg‘i:t %I | adi um tetranet hyl, [bis- _
{4-(pyridin-2-yI'<et hyli deneam no) - 3, 5-di i sopropyl phenyl} -4- 10
ni t r ot of uefvi] phi-@atitadi-yhethelidens@hingd-3, S disspropylphenyl} -methane]dipalladium
{4- (pyridin-2-yl - et hyl eneam no) - 3, 5- di net hyl phenyl } - 4-
i sopr opy| t&uesBYki pai | adi um tetramethyl, [bis-

4- i digs . ' i - _di. L .
! Sopr opy! (o LR B VR e i) B NI RRAD Mok faipalladiom
[ bi s-{4- ( pytraméthyR- y| - met hyl eneamni no) - 3, 5-di i sopr opyl phenyl } - 4-
i'sopropylt

[ bi o (4 ( P e PR o RraPR 3, Simsttyishengh dpyriskdinghacivn.

i sopropy! telrwaasidi pal | adi um tetranet hyl,

L Ry O B Yoymlin 2 Vi enesmhing} 3 i SoptopyTohenyl) Joliene dipal uftums 2!
tetramethyl,
[bis-{4-(pyridin-2-yl-ethylideneamino)-3,5-diisopropyiphenyl} -toluene]dipalladium
tetramethyl,

15 [bis-{4-(pyridin-2-yl-methyleneamino)-3,5-dimethylphenyl} -4~
bromotoluene]dipalladium tetramethyl,
{bis-{4-(pyridin-2-yl-ethylideneamino)-3,5-dimethylphenyl } -4-
bromotoluene]dipalladium tetramethyl,
[bis-{4-(pyridin-2-yl-methyleneamino)-3,5-diisopropylphenyl} -4-

{ 20  bromotoluene]dipalladium tetramethyl,
[bis-{4-(pyridin-2-yl-ethylideneamino)-3,5-diisopropylphenyl} -4-
bromotoluene]dipalladium tetramethyl,
[bis-{4-(pyridin-2-yl-methyleneamino)-3,5-dimethylphenyl} -4-
hydroxytoluene]dipalladium tetramethyl,

25 [bis-{4-(pyridin-2-yl-ethylideneamino)-3,5-dimethylphenyl}-4-
hydroxytoluene]dipalladium tetramethyl,

[bis- {4-(pyridin-2-yl-methyleneamino)-3,5-diisopropylphenyt} -4-
hydroxytoluene]dipalladium tetramethyl,

52



20 net hyl eneam no) - 3, 5-di i sopropyl phenyl } -nethane] di pal | adi um tetranet hyl,

[ bi s- {4-(pyridin-2-yl-nmethyl eneam no)-3, 5 -dinethyl phenyl } -nethane]di
copper wetwesresssde, [ bis- PCT/EP2005/005653
{4-(pyridin-2-yl-ethylideneam no) -3, 5-di net hyl phenyl } -nethane] di copper
tetrabrom de, 25
[bis-{4-(pyridin-2-y|-nethy|eneanino)5%,5-diisopropylphenyl}-nethane]dicoppe
r tetrabrom de, [bis- {4-(pyridin-2-yl-ethylideneam no)- 3,

5-di i sopropyl phenyl} -nethane]di copper tetrabrom de, WO 2005/ 118605

PCT/ EP2005/ 005653 53

[ bi s-{4-(pyridin-2-yl-nmethyl eneam no) - 3, 5- di et hyl phenyl } -t ol uene] di copper

tetrabr onnﬂ%é%_g@'{rmﬁé-_éla ﬁiﬁeﬁég%ﬁg&):ﬁﬁﬁkdp‘i‘%@ﬁ@ni’ﬁh-& 5-di et hyl phenyl }

-t ol uene] di t et rrom
[ bi s-{4- ( hydroxlytoh2rgldipatsdiyinaetemmsting) - 3, 5- di i sopr opyl phenyl } -t ol uene] di coppe
r tetrab

{4-(pyri dmgﬁ‘&ﬁ%‘?ﬁlﬁ&?fbﬁlﬂmm@%ﬁ”éfq’EtBbIPB?Iw}ﬁﬁ“enyI } -tol uene] di copper

t et r abr omyfiRyolheddipaHadiRY tdtMbtetid), Y1- met hYl eneami no) - 3>5- di met hY1PhenY1} - 4-
10 bronot ol uene] di copper tetrabronide, [bis-

{ 4- (py i dlbis-24-pyridinmet-ylcrsindishonesming-355-dimeshyiphestybingt } - 4-

br onot ol u i copper. tetrabroni.de,

[ bi s-{4-( g’l‘%r%il‘g}‘%“-"g‘ﬁ?iﬂlaﬁgﬁ% gﬂlgal%?’no) - 3, 5-di i sopropyl phenyl } - 4-
br onot ol ufsis{4i(Eante?-ylahéthlensiingeo)- S diisopropylphenyl}-4-
(bis-{4-(pyridin-2-yl-ethylideneam no)-3, 5-diisopropyl phenyl }-4-
br onot ol uietddrensidislladam fgsemeiad, [ bis-

wdﬁ gg(/;/lt gpﬁsei% | cop_Fr%lrdf etTa ?%ﬁi%@%,g-ﬁmyﬂmﬁwﬁhA'
10 nitrotoluene]dipalladium tetramethyl,
[bis- {4-(pyridin-2-yl-methyleneamino)-3,5-dimethylphenyl } -4-
isopropyltoluene]dipalladium tetramethyl,
[bis-{4-(pyridin-2-yl-ethylideneamino)-3,5-dimethylphenyl} -4~
isopropyltoluene]dipalladium tetramethyl,

15  [bis-{4~(pyridin-2-yl-methyleneamino)-3,5-diisopropylphenyl}-4-
isopropyltoluene]dipalladium tetramethyl,
[bis-{4-(pyridin-2-yl-ethylideneamino)-3,5-diisopropylphenyl}-4-
isopropyltoluene]dipalladium tetramethyl,
[{4-(pyridin-2-yl-methyleneamino)-3,5-dimethylphenyl} - {4-(pyridin-2-yl-

20 methyleneamino)-3,5-diisopropylphenyl} -methane]dipalladium tetramethyl,
[bis-{4-(pyridin-2-yl-methyleneamino)-3,5-dimethylphenyl} -methane]dicopper
tetrabromide,

[bis-{4-(pyridin-2-yl-ethylideneamino)-3,5-dimethylphenyl} -methaneldicopper
tetrabromide,

25  [bis-{4-(pyridin-2-yl-methyleneamino)-3,5-diisopropylphenyl} -methaneldicopper
tetrabromide,
[bis-{4-(pyridin-2-yl-ethylideneamino)-3,5-diisopropylphenyl} -methane]dicopper

tetrabromide,



[ bi s- {4-(pyridin-2-yl-ethylideneam no)- 3, 5-di net hyl phenyl }-4 20

hydr oxyt ol uene] di copper tetrabrom de, [bis-

{4- (pyri WO2WsKhs6r®t hyl eneani no) -3, 5 -dii sopropyl phenyPCTEP2005/005653
hydr oxyt ol uene] di coppertetrabrom de, [bis- { 4-(p yridin-2-yl-ethyl

i deneam no)-3 , 5 -diisopropyl phenyl } -4-

hydr oxyt ol uene] di coppertetrabrom de, 253 [ his-

{4- (pyridin-2-yl -net hyl eneam no) - 3, 5- di net hyl phenyl }

-4-nitrotol uene] di copper tetrabrom de, [bis-
{4-(pyridin-2-yl-ethylideneam no) -3, 5-di net hyl phenyl }

-4-ni trotol uene] di copper tetrabrom de, WO 2005/118605 PCT/ EP2005/ 005653
[bis-{4-(p 5 ABRAMIRN)T Bafidhy D 4"

ni trotol uen;e% 34 rcﬂpo)g’l - 2 et ra r om cqn%[3;’15?gﬁnéi!hhﬁpe%ﬂpﬁéh{g}l;l‘e?jaYJO%’per
{4-(pyridi twﬂbmm&t,hyl i deneam no) - 3, 5-di i sopropyl phenyl } -4-

ni trotol uene t r.om de,

[ bi s-{4- (p@?;g ﬁmg%gﬂ ﬁg'Fh‘}'P W&&?ﬂ"%ﬂ%% %dﬁﬂf‘&‘?lf’@‘ew}}pﬁ%‘ww}ﬂw&mpﬂ

i sopropyl t@étlld%ﬁhgg coppertetrabronide, [bis-

4- (pyridin-2-yl-ethylidenean no)-3, 5-dinethyl henyl } -4-

i sopropyl t Bils,ré‘ﬁél})di Qp*émetﬂeﬂmm)&eﬁ d{igsipgopylphenyl} -toluene]dicopper
{4-(pyridi n 2 ‘geet hyl eneam no) - 3,5 -dii sopropyl phenyl} -4- 10

i sopropyl t i’copper tetrabrom de, [bis-

(4-(pyridi [blﬂ{yi(pﬁidﬁwmyd%ﬂ@ﬁﬂbmimﬁo)@ Sldiisoppopdfphlentig Ayhukne]dicopper

i sopropyl tol uene] &%copper tetrabrom de, |

{4- (pyri di Y8t hyl eneani no) - 3, 5- di net hy! phenyl} - {4-(pyridin-2-yl-

met hyl enea | Qpper tetrabrom de, 15
[ bi s- { 4- (pﬁl?g?'@i{wb E"”ﬁ;ﬂéﬁ‘?&%ﬂ‘ﬁ% 35 Hﬁﬁé@ﬁﬁnﬂ ypep

hyl'phenyl } met hane] di copper
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t et r achltor bdm}ot@lbelwldﬂéome(twﬂabmd@ y1l- et hyl i deneamni no) -3, 5-di nethyl phenyl

} - met haneh} d'{zﬁ? ?&ﬁ%ﬁmz yl-ethylideneamino)-3,5-dimethylphenyl}-4- -

bromotoluene]dicopper tetrabromide,
[bis-{4-(pyridin-2-yl-methyleneamino)-3,5-diisopropylphenyl}-4-
bromotoluene]dicopper tetrabromide,

15 [bis-{4-(pyridin-2-yl-ethylideneamino)-3,5-diisopropylphenyl}-4-
bromotoluene]dicopper tetrabromicie,
[bis-{4-(pyridin-2-yl-methyleneamino)-3,5-dimethylphenyl} -4-
hydroxytoluene]dicopper tetrabromide,
[bis-{4-(pyridin-2-yl-ethylideneamino)-3,5-dimethylphenyl}-4-

( 20 hydroxytolueneldicopper tetrabromide,
[bis-{4-(pyridin-2-yl-methyleneamino)-3,5-diisopropylphenyl}-4-
hydroxytoluene]dicopper tetrabromide,

[bis- {4-(pyridin-2-yl-ethylideneamino)-3,5-diisopropylphenyl}-4-
hydroxytoluene]dicopper tetrabromide,

25  [bis- {4-(pyridin-2-yl-methyleneamino)-3,5-dimethylphenyl} -4-nitrotolueneJdicopper
tetrabromide,

[bis- {4-(pyridin-2-yl-ethylideneamino)-3,5-dimethylphenyl} -4-nitrotoluene]dicopper

tetrabromide,



tetrachl oride, [bis-

4- ridin-2-yl-nethyl eneam no) - 3, 5-di i sopr opyl phenyl } - met hane] di copper 20
Eetggghl 8¢ a@?}iﬁfﬂ%- Y : Propylphenyl} PCT/Epzoos]foosssspp
{4-(pyridin-2-yl-ethylideneam no)-3, 5-diisopropyl phenyl} -methane]di copper
tetrachl oride, [bis- 4
{4-(pyridin-2-y|-nethy|eneanino)-3,5-a|nethylphenyl}-toluene] di copper
tetrachloride, 25 [his- {4-yridin-2-yl-ethylideneam no)-3 ,5
-di net hyl phenyl} -toluene] dicopper tetrachloride, [his-
{4-(pyridin-2-yl-nmethyl eneam no) - 3, 5-di i sopropyl phenyl} -tol uene]di copper
tetrachl ori de WO 2005/ 118605 PCT/ EP2005/ 005653 55
[ bi s- {4- (ipyisd [l @ByRdinl2-SLRUhH RRBAARbID - BisepdhiIpRéiyPRy] phenyl } -t ol uene] di copp
er tetragglér#gg% [big% {4?(pyridiﬁ-%fg?éﬁg?%gleneanino)-3,5-dinethylphenyl
}-4- br omsitentoluangidicoppsp detrabeamidehl ori de, 5

bi s-{4- 0 i N- 259 5 et hyli ' -3, 5-di h |- 4-
bromot of udHie] A Gaut et adRanRter S prisopropyTphetil e
{4- (pyri dinfratodikbnd]Richyp e Beabigmilie,3, 5- di i sopropyl phenyl } -4-
br onot ol uene] di copper_tetrachl ori de,

bi s-
4- (pyridi rﬁbiéi{ﬁr@ﬁfiﬁlyﬂ‘Héﬁé‘&bﬂeﬁ@%migo);%gdflliglﬁ’;ék@gn}aﬁbﬁeny|} 4 1o

br onot ol i ' bi s-
Do (pyet Pkt ORRARREbAR R ARael 8100 1 et} 4
hydr oxyt ol[bier{@}(giyddipgeyl-dteslidentdnino 4k 5-diltylphenyl} -4-
4- i di.n-2-yl-ethylid i no) - 3, 5- di net hyl phenyl } - 4-
hydr byt ol GEFR P BBdicopRR (B Grthe, 15 T
[ bi s-{4-( F[MEJ{QL(By%di)‘nlz-Qiethﬂ&&Eﬂﬁa%g‘iP?)gﬁe,s%iéoﬁbbﬁﬁwr@l})lh-pheny| }-4-

hydr oxyt ol uene] di copper tetfach
10 isopropyltoluene]dicopper tetrabromide,

[bis-{4-(pyridin-2-yl-ethylideneamino)-3,5-diisopropylphenyl} -4-
isopropyltoluene]dicopper tetrabromide,
[{4-(pyridin-2-yl-methyleneamino)-3,5-dimethylphenyl} - {4-(pyridin-2-yl-
methyleneamino)-3,5-diisopropylphenyl} -methaneldicopper tetrabromide,

15 [bis-{4-(pyridin-2-yl-methyleneamino)-3,5-dimethylphenyl}-methane]dicopper
tetrachloride,
[bis-{4-(pyridin-2-yl-ethylideneamino)-3,5-dimethylphenyl} -methane}dicopper
tetrachloride,
[bis-{4-(pyridin-2-yl-methyleneamino)-3,5-diisopropylphenyl} -methane]dicopper

20 tetrachloride,
[bis-{4-(pyridin-2-yl-ethylideneamino)-3,5-diisopropylphenyl} -methaneldicopper
tetrachloride,
[bis-{4-(pyridin-2-yl-methyleneamino)-3,5-dimethylphenyl}-toluene]dicopper
tetrachloride,

25  [bis-{4-(pyridin-2-yl-ethylideneamino)-3,5-dimethylphenyl} -toluene]dicopper
tetrachloride,
[bis- {4-(pyridin-2-yl-methyleneamino)-3,5-diisopropylphenyl} -toluene]dicopper
tetrachloride



[bis- {4-(pyridin-2-yl-ethylideneam no)-3, 5-diisopropyl phenyl} -4-
hydr oxyt ol uene] di copper tetrachloride, [bis-

{4- (pyri ¥VO2005(18666t hyl eneami no) - 3 , 5- di net hyl phenyl } PCT/EP2005/005653
-4-nitrotol uene] di copper 20 tetrachloride, [bis-
{4-(pyridin-2-yl-ethylideneam no) -3, 5-di net hyl phenyl }
-4-nitrotol uene] di copper tetrachloride, [Dbis-
{4-(pyridin-2-yl-net hyl eneam no) - 3, 5-di i sopropyl phenyl } -4-

ni t rot ol uene] di copper tetrachloride, 25

[ bi s-{4-(pyridin-2-yl-ethylideneam no)-3, 5-diisopropyl phenyl }-4-

ni trot ol uene] di copper tetrachl oride, [Dbis-

{4- (pyridi pig{a ylyeraadidahmin :ﬂi-ﬂﬁ%yd igiy1} tétuene]dicopper
i sopropyl tE)blluene di copper tetrachl o@i de, fgggl/ 1% 605 P /I%)I'EZOOS/ 005653

56 [ bi s-{ 4tetragomdes- 2- y| - et hyl i deneani no) - 3, 5- di met hyl phenyl } - 4-

i sopropyl tgluenel di £opng! . ORiLde - e

[bi s-{4- ( p@’b‘ﬁ?ﬁ]g{d&f@%t d elﬁ’g%ﬁ%“%(})%fh&eéﬁl%eﬁwp@| phenyl } - 4-

i sopropyl t bdonmieelieddipgper teetcldoder i de, 5

bi s-{4- i din-2:yl -ethyl . n -3, 5-dii | ph | }-4-

o oo i ki mtbbeATo edepRag Y P

{4- (pyri di frodic¥di i =3, 5-di'met hyl phenyl } - {4-(pyridin-2-yl-
met hyl enea%oﬁ(%(%lg,g%g%lﬁ@gg%g}%ﬂ%ﬁyI } - met hane] di copper tetrachloride, [bis-

{4- (pyri di bi{4(pyritith+dmedhylengpa@d)-3di -diasopydpylmheyyl} 4- - net hanej di copper 10

tetraneth 1,S- - ridi n-2-yl - et hyl i deneam no) - 3, 5- di net hyl phenyl

- met hane] é#@gﬁoggpeneﬁ‘gfé%’éﬁ%&?%% ’S- y ) P a

E4f (pyr |t gi Fbi@};é{pmmyl}&@ﬂ@mﬂ&%hr&u@ﬂdj-Hﬁ@lpfdp@wmﬁﬂﬁlw-} - et hane] di copper
etrane : . .

[ bi s-{ 49 %W@Eﬂtﬂuﬁ‘lww‘&m‘ﬂqﬁégﬂ%ﬁiﬁ:no) -3, 5-di i sopropyl phenyl }- met hane] di copp

er [bis- {4-(pyridin-2-yl-methyleneamino)-3,5-dimethylphenyl} -4-
hydroxytolueneldicopper tetrachloride,
[bis-{4-(pyridin-2-yl-ethylideneamino)-3,5-dimethylphenyl}-4-
hydroxytoluene]dicopper tetrachloride,

15 [bis-{4-(pyridin-2-yl-methyleneamino)-3,5-diisopropylphenyl}-4-
hydroxytoluene]dicopper tetrachloride,
[bis-{4-(pyridin-2-yl-ethylideneamino)-3,5-diisopropylphenyl} -4-
hydroxytoluene]dicopper tetrachloride,
[bis-{4-(pyridin-2-yi-methyleneamino)-3,5-dimethylphenyl} -4-nitrotolueneldicopper

( 20 tetrachloride,
[bis- {4-(pyridin-2-yl-ethylideneamino)-3,5-dimethylphenyl} -4-nitrotoluene]dicopper
tetrachloride,
[bis- {4-(pyridin-2-yl-methyleneamino)-3,5-diisopropylphenyl} -4-
nitrotoluene]dicopper tetrachloride,

25 [bis- {4-(pyridin-2-yl-ethylideneamino)-3,5-diisopropylphenyl} -4-
nitrotoluene]dicopper tetrachloride,
[bis-{4-(pyridin-2-yl-methyleneamino)-3,5-dimethylphenyl } -4~

isopropyltoluene}dicopper tetrachloride,



tetramethyl, [bis- {4-(pyridin-2-yl-methyl eneam no)- 3, 5-di net hyl phenyl }
-toluene] dicopper tetramethyl, [bis- {4-(pyridin-2-yl-ethylideneam no)-3,
5- di met hWMWEFI8695 -t o uene] di copper 20 tetranethyl, [PBII&P2005/005653

{4- (pyridin-2-yl-nethyl eneam no) 3, 5-dii sopropyl phenyl } -tol uene]di copper
tetranethyl, [bis- {4-(pyridin-2-yl-etpylidenean no)-3,5-diisopropyl phenyl}
-t ol uene] di copper tetranethyl, 25

[ bi s-{4-(pyridin-2-yl-nmet hyl eneamni no) - 3, 5- di net hyl phenyl } - 4-

br onot ol uene] di copper tetranethyl, [bis-

{4-(pyridin-2-yl-ethylideneam no)-3, 5-dinethyl phenyl} -4-

br onot ol uene] di copper tetramethyl, W 2005/118605 PCT/ EP2005/ 005653 57

[ bi s-{ 4- ( Qyist {dH(pyridiyd2-yiedthgl idenesanino} 5 3litethylphenylbdy | phenyl } -

br onot ol uene] di o per,.tetraneth bi s-

{4- (pyri dilfPPsRyfto Pﬁlfli‘;ﬁ@??éé?ﬂaﬁ 1id,5. di i sopropyl phenyl } - 4-

bronot ol u 1L [ - A

[bi s-{4- @‘3@.‘% (pogds2- %e%%@ﬁ%%m%ﬁog’? SiisoppopyIphenyli-d- 11 - 4-

hydr oxyt olispp h@pﬁélcopmnmhhylﬂse, [bis- { 4-(pyridin-2-yl-ethyl

[ bi o~ {4 ( BYPT iRy e e} SO b SR Fonony ) -4 10

hydr oxyt ollst@&qiy&bﬁ@m@fcglsﬁw@mﬁhe [ bi s-
{4-(pyridin-2 yI eth eneam no) - -di i sopr oPyIfhen yl} -4-
hydr oxyt ol[{f i; thybeneamind) - d{ﬂtﬁﬂssdpheny} {4-(pyridin-2-yl-

{4-(pyridi &16 Hﬁﬁ y.’;' £ ﬁﬁ@@n%}féﬁai%&ﬁéﬁ&lgwy{e}crachlonde,

-4-nitroto I Coppér
[bls- {4-(pyridin-2-yl-methyleneamino)-3,5-dimethylphenyl } -methane]dicopper

10 tetramethyl,
[bis-{4-(pyridin-2-yl-ethylideneamino)-3,5-dimethylphenyl } -methane]dicopper
tetramethyl,
[bis-{4-(pyridin-2-yl-methyleneamino)-3,5-diisopropylphenyl} -methane]dicopper
tetramethyl,

15 [bis-{4-(pyridin-2-yl-ethylideneamino)-3,5-diisopropylphenyl} -methane]dicopper
tetramethyl,
[bis- {4-(pyridin-2-yl-methyleneamino)-3,5-dimethylphenyl}-toluene]dicopper
tetramethyl,
[bis- {4-(pyridin-2-yl-ethylideneamino)-3,5-dimethylphenyl} -toluene]dicopper

20 tetramethyl,
[bis- {4-(pyridin-2-yl-methyleneamino)-3,5-diisopropylphenyl} -toluene]dicopper
tetramethyl,
[bis- {4-(pyridin-2-yl-ethylideneamino)-3,5-diisopropylphenyl} -toluene]dicopper
tetramethyl,

25  [bis-{4-(pyridin-2-yl-methyleneamino)-3,5-dimethylphenyl}-4-
bromotolueneldicopper tetramethyl,
[bis- {4~(pyridin-2-yl-ethylideneamino)-3,5-dimethylphenyl}-4-

bromotoluene]dicopper tetramethyl,



15

[ bi s-{4-(pyridin-2-yl-ethylideneam no) -3, 5-di net hyl phenyl } - 4-ni trot ol uene] di
copper t%%ﬁ%’ﬂ?ﬂ, [ bi s- PCT/EP2005/005653
{4-(pyridin-2-yl-nethyl eneam no) -3, 5-di i sopropyl phenyl } -4-

ni trot ol uene] di copper tetranethyl, [Dbis-

{4- (pyridi n-2-yl - et hyl i deneani no) - 3, 5=d&¥i sopr opyl phenyl } -4- 20

ni t rot ol uene] di copper tetranethyl, [bis-

{4- (pyridin-2-yl -net hyl eneam no) - 3, 5- di net hyl phenyl } - 4-

i sopropyl tol uene] di copper tetranethyl, [bis- {

4- (pyridin-2-yl -ethylideneam no) - 3, 5-di net hyl phenyl } -4-

i sopropylt i r A0EL; .

[ bi . { 2}/( D r#?ﬁ@*‘g@@n@t ’ﬁ%’?’é’fﬁeam ‘EX "g’g%ﬁlS%?TPB‘élB}r‘%’B@)ﬁ'heny| }-4-

i sopropyl t droreote]icneldipeperttettansatigtiny | |

[big-{gy(py jd'n!zz J-e%Ez%id neaniyog-3.5-diiso ropyl phenyl } - 4-
isopropyltJF”tﬁ” Py ¥rethyd a??éftﬂﬂ&',ﬁbe%GBﬂE ‘PCT/ EP2005/ 005653 58

[{4-(pyri dib‘i‘ﬁrﬁéﬁblﬁeﬁ?}d’i&bgﬁé}%&fﬂn{b@ﬁy@ 5-di met hyl phenyl} -{ 4-(pyridin-2-yl-
met hyl eneam no) - 3, 5-di i Sopr opyl phienyl } - met hane] di copper tetramethyl, [bis-
{ ((6- pyr# dilhis2d4ylpypdimi Hilamethylenerming)- 3,6 slimethylph8pB} -d+ net hyl phenyl } -

met hane] dii.rqn _tetrabrom de, 5

[his-{((6- d&}’ﬁ’fod‘iyf?ﬁ‘k‘?’&?f@ﬁ’y??f&?ﬁﬁ%%tﬁ}ﬂz et hyl i deneani no) - 3, 5- di net hyl phenyl } -
net hane] di i[pRO{4L @Y Fiar Dl éRylideRésnino)-3,5-dimethylphenyl } -4-
((6-pyridin-2-yl)pyridin-2-yl-nmethyl eneam no) -3, 5-di i sopropyl phenyl } -
meta hane] di ilvémwxyelpensidisapae tefrapethyl,

{(6-pyridi np2-ml i o4 O 2= L e R38R, - fi_k sopropyl phenyl}- |0
met hane] di {tPén{)at %’P}f“ g%‘?oﬂg légt‘:ﬁﬂcgléés?%ﬁhbpg’@ ﬂ%ylﬁhél}% '

{ ((6- pynd dihyd®xythpaneldicopp@-tytrameghyly | eneani no) - 3, 5- di net hyl phenyl } -

(CCoopyr i aithE ey Bg AT RE e hiamRRBy st ot ny1 phenyl ) -

hydroxytoluene]dicopper tetramethyl,
fbis- {4-(pyridin-2-yl-methyleneamino)-3,5-dimethylphenyl} -4-nitrotoluene]dicopper
tetramethyl,

15 [bis-{4-(pyridin-2-yl-ethylideneamino)-3,5-dimethylphenyl}-4-nitrotoluenejdicopper
tetramethyl,
[bis- {4-(pyridin-2-yl-methyleneamino)-3,5-diisopropylphenyl} -4-
nitrotoluenejdicopper tetramethyl,
[bis-{4-(pyridin-2-yl-ethylideneamino)-3,5-diisopropylphenyl} -4-

{ 20  mnitrotoluene]dicopper tetramethyl,
[bis-{4-(pyridin-2-yl-methyleneamino)-3,5-dimethylphenyi} -4-
isopropyltoluene]dicopper tetramethyl,
fbis-{4-(pyridin-2-yl-ethylideneamino)-3,5-dimethylphenyl }-4-
isopropyltoluene]dicopper tetramethyi,

25  [bis-{4-(pyridin-2-yl-methyleneamino)-3,5-diisopropylphenyl}-4-
isopropyltoluene]dicopper tetramethyl,
[bis- {4-(pyridin-2-yl-ethylideneamino)-3,5-diisopropylphenyl} -4-
isopropyltoluene]dicopper tetramethyl,



met hane] diiron tetrachloride, 15

[ bis-((6-pyridin-2-yl)pyridin-2-yl-nmethyl eneam no) -3, 5-di i sopropyl phenyl } -
net hane] P}F(?I%”@ﬁllsé% achl oride, [bis- { PCT/EP2005/005653
(6-pyridin-2-yl)pyridin-2-yl-ethyli denearri no) - 3, 5-di i sopropyl phenyl }-

nmet hane] diiron tetrachl oride, bis-

((6-pyridin-2-yl)pyridin-2-yl-nmethyl er?(-,gam no) - 3, 5- di net hyl phenyl }- 20

nmet hane] diiron tetranethyl, [bis-
{((6-pyridin-2-yl)pyridin-2-yl-ethylideneam no)- 3, 5-di net hyl phenyl } -

met hane] diiron tetranethyl, [bis-

{(6-pyridin-2-yl)pyridin-2-yl-nmethyl eneam no) -3, 5-di i sopropyl phenyl } -

th d
FEI a?(e]G L‘g}?gg?”ﬁfﬁyy )pe%kdde}lﬁa%gnolqgtdhmfthglg 3’%3 -(p§nd1 &I- _sopr opy! phenyl } -

met hane] di methpleneaminaks ,ﬁydl;sopngpslphenyl} -methane]dlcopper tetramethyl,

{((6-pyrid I I neam nQ) phenyl } -

met hane] di @bsoﬁﬂp%@%ﬁ 'ig?r’lg?ﬁf&% 2 9’?&%‘6‘6§ %ﬂ%&ﬁ%@?‘é 653 59 [bis- {
((6-pyri di Mefhayd)dipyhitéidbranide; et hyl i deneam no) - 3, 5- di net hyl phenyl } -

net hane] di cobal t tetrabrom de, [bis-

(6- pyri 8i ntbxE-{{(6- pwq'h@h%ylznmdmr%mlryﬂwhé@rmu)—é,%duntﬁbﬂphw;}l-phenyl }-

th d
Fgl sa?(e]G L@?&gﬁﬂd%%ﬁté%%p& n- 2- yI et hyl i deneam no) - 3, 5-di i sopropyl phenyl }-

net hane] di Ebid@{i(lﬁtpyhdirf alyt)pphdia 2-Yibinethyleneamino)-3,5-diisopropylphenyl} -
((6-pyridin- ‘% ()i d| I - rret hyl eneam no) - 3, 5-di net hyl phenyl } -
met hane] d|’@8 a’Pet] ‘Eré? ‘b‘F’

[ bi s-{((6-py 1&@1&&%@?%&&&1@?% &hylﬁeﬂéﬁnhﬂ@?@%ﬁ@ﬁfoﬁylﬁh&iyﬂ}et hyl phenyl }- 10
met hane] di cob t "tetrachl oride
{ ( 6- pyripdi methanyd]Jifrpniteitabramide. rret hyI eneami no) - 3, 5-di i sopr opyl phenyl } -

met hane] di ﬁ)ob?(k ~py‘r%1n—al(-:§'151%[ridgn-2-yl-methyleneammo)-3,5-d1methy1phenyl} -

methane]diiron tetrachloride,
[bis-{((6-pyridin-2-yl)pyridin-2-yl-ethylideneamino)-3,5-dimethylphenyl} -
methane]diiron tetrachloride,

15 [bis-{(6-pyridin-2-yl)pyridin-2-yl-methyleneamino)-3,5-diisopropylphenyl}-
methane]diiron tetrachloride,
[bis- {(6-pyridin-2-yl)pyridin-2-yl-ethylideneamino)-3,5-diisopropylphenyi} -
methané]diiron tetrachloride,
bis-{((6-pyridin-2-yl)pyridin-2-yl-methyleneamino)-3,5-dimethylphenyl}-

20 methane]diiron tetramethyl,
[bis- {({(6-pyridin-2-yDpyridin-2-yl-ethylideneamino)-3,5-dimethylphenyl} -
methane]diiron tetramethyl,
[bis- {(6-pyridin-2-yl)pyridin-2-yl-methyleneamino)-3,5-diisopropyiphenyl} -
methane]diiron tetramethyl,

25  [bis-{(6-pyridin-2-yl)pyridin-2-yi-ethylideneamino)-3,5-diisopropylphenyl } -
methanelditron tetramethyl,
[bis-{{(6-pyridin-2-y)pyridin-2-yl-methyleneamino)-3,5-dimethylphenyl} -

methane]dicobalt tetrabromide,



[ bis- ((6-pyridin-2-yl)pyridin-2-yl-ethylideneam no)-3,5-diisopropyl phenyl}
- net hane]dicobalt tetrachloride, 15

[ bi s- (( ( B¥VQReiseki1s608- y| ) pyri di n- 2-yl - met hyl enear ni no) - 3, Pcli/meERbs/dosésany| } -
met hane] di cobal t tetramethyl,

[ bi s-{((6-pyridin-2-yi)pyri d| n-2-yl - etdyyl i deneami no) - 3, 5- di et hyl phenyl } -
nmet hane] dicobalt tetramethyl, [bis-

{(6-pyridin-2-yl)pyridin-2-yl-nethyl eneam no) -3, 5-di i sopropyl phenyl }- 20
met hane] di cobalt tetranethyl, and [bis-
((6-pyridin-2-yl)pyridin-2-yl-ethylideneam no)-3, 5-diisopropyl phenyl } -
met hane] di cobalt tetranethyl. Particularly preferred transition netal
conpl exes [bie{{(GHpyri@in-2-yl)pyridin-2-yl-ethylideneamino)-3,5-dimethylphenyl} -

|[(2:kgl 5, ?et Tfentﬁﬂ'lﬁ{lr% ﬁga_\ltN{el‘Erl_ag.!osxﬁi&oy“ di n- 2-yl net hyl ene) - benzene- 1, 4-di am ne] di n

(2,3, 5. 6- s pms fdia b MphiBin(DYLndindregeartigb iy blatansboPsAgate- 1. 4- di ani ne] di

ni ckel te |"or i de, 005/ 18605 PCI/ EP2005/ 0
[2, 3,5, 6- t@?ﬁ&nﬂﬂmbalt\te@pbﬂomdﬁa 2-yl et hyI i dene) - N- (pyri di n-2-yl et hyl ene) - be

- 1,4
Fﬁlepl?bl é (B)yr @memfi@? 3’1{3%{;‘9361 d’eﬂ%anlmﬂ) %5 %S%%?fmlﬁhw& tetranet hyl ,
[5N N- bi s- (fp¢thiafié]aicdbait RblohA@)e) - benzene- 1, 4- di am ne] di ni ckel tetranet hyI
N- (pyri di Hin{(perrgin taheyide gpjmeindensayingchy fesyyipatybne- | |, 4- di ani ne] di
kel ﬁl%@ﬁﬁ%]ﬂ%'obal{ ?etx%c»él'ﬁm]@ et etranet hyl - N, N- bi s-

c
6- pyri di n- met hyl ene} - benzene- 1, 4- di anine]diiron
trachl or [tub{(({i Zayﬂdiﬁ, Z}yt)pmchmfémyﬂryﬂidbndanmao) -3,5~ dlmethylphenyl}-
6
t

-pyridin t hyl i dene} -benzene- 1,4- 10 diam ne]diiron
rg%:lhlloorfnﬁé‘axflép%ggg%nﬁéllgﬁ%\%t %yl N, I\Ebi S- ]
6- pyri di hi{6-ppidin-diydpIriinB Yyt @RRheENS L B.S-dlisdpropylphenye]-di i r on

tranet hyl,
methane]dicobalt tetrachloride,

[

ni

{(

te

{(

te

{(

te
[bis- {(6-pyridin-2-yl)pyridin-2-yl-ethylideneamino)-3,5-diisopropylphenyl} -
methane]dicobalt tetrachloride,

15 [bis-{((6-pyridin-2-yDpyridin-2-yl-methyleneamino)-3,5-dimethylphenyl} -
methane}dicobalt tetramethyl,
[bis-{((6-pyridin-2-yDpyridin-2-yl-ethylideneamino)-3,5-dimethylphenyl} -
methane]dicobalt tetramethyl,

[bis- {(6-pyridin-2-yl)pyridin-2-yl-methyleneamino)-3,5-diisopropylphenyt} -

20 methaneldicobalt tetramethyl, and
[bis- {(6-pyridin-2-yl)pyridin-2-yl-ethylidencamino)-3,5-diisopropylphenyl} -
methane]dicobalt tetramethyl.

Particularly preferred transition metal complexes include:

25 [2,3,5,6-teiramethyl-IN,N-bis-(pyridin-2-ylmethylene)-benzene-1,4-diamine]dinickel
tetrachloride,
[2,3,5,6-tetramethyl-N,N-bis-(pyridin-2-ylethylidene)-benzene-1,4-diamine]dinickel
tetrachloride,



[2,3,5,6-tetranet hyl -N, N-bi s-
{(6-pyridin-2-yl)pyridin-2-ylethylidene}-benzene-1,4- diamne]diiron

t et r anet WO 2005818605 PCT/EP2005/005653

[2,3,5, 6-tetranmet hyl -N, N-bi s-{(6-pyridin-2-yl)pyridin-2-yl methyl ene}-benzene
-1,4- diamne]dicobalt tetrachloride,

[2,3,5, 6-tetranmethyl - N, N-bi s-{(6-pyri dtth- 2- yI ) pyri di n- 2-yl et hyl i dene}
-benzene- 1, 4- diam ne]dicobalt tetrachloride, [2, 3,5, 6-tetranmethyl-N, N-bis-
{ (6-pyridin-2-yl)pyridin-2-ylmethylene } -benzene- 1,4- 20 di am ne]di cobalt
tetramethyl, [2,3,5,6-tetramethyl-N, N-bi s-
{(6-pyridin-2-yl)pyridin-2-ylethylidene} -benzene- 1,4- diam ne]dicobalt

tet ranmet hy

et o SBRHB PRI R P s e ey s ) benzepe-
dl am ne] di niGhhintidicR Rfaitoridd
[3,5,3,5 -tetranethyl -N, N-Dbi s- (p%gl di n- 2dyl met hyl ene) - bi phenyl -4, 4' -

d| am ne] di mhlkléf-(mmra&ﬂraeﬁhu@ne)[ ngerg-1,4 amine]dnickel totramethyl

-tetrang
d| ani ne] di I:l;hcke%\lmg§ ﬁr ﬁ?%ﬁlgﬂée?e%@% ' "#%’f&%@%@%&%ﬁ%@éﬁw 61
[3, 5, 3" 55' PN-Giyridissdiytevipglidehs)MN-(bymsdif2yylingitylche) bertohsH ehdipminicMisioktl- 4, 4' -
di am ne] di ni cke% etrachl ori de,
[3,5,3 5 tepape Vtopr opyl -N, N, bi s- (pyri di n-2-yl - et hyl i dene) - bi phenyl -4, 4' -

dl«'imms‘]dI | LK BltettRhdtRAN RLHLAK(6-Byridin-2-y1)pyridin-2-ylmethylene} -b 1,4-
(505 57 5 EESE ek mdBANRORR(6 Byridin2ypyridin 2.ylmethylone}-benzene-14- |

d| anl i ne] ddlﬁmukédllromtmdﬂomw,, [3 5, 3 _ |
di _a}ne}[,];? gﬁ% ig{}létlf\l-aéj{l) Mﬁ{,{n& ?6 py%ﬁmezt )ﬁy 11{‘-5)37'1311?15‘&%%!%é‘ﬂz‘éné-l,tt-

[3,5, 3195 dlamiﬂegadlﬁ@;pfe@wﬂloﬁlﬂé\l -bi s- (pyridin-2-yl net hyl ene) - bi phenyl -4, 4' - 10
di am ne] di ni ckel tetrane

[, , 95,3, .
L L DS B setrana I AL bissit s v 2y D ety hsaenes Lo~

diamine]diiron tetramethyl,

[2,3,5,6-tetramethyl-N,N-bis- {(6-pyridin-2-yl)pyridin-2-ylethylidene} -benzene-1,4~

diamine]diiron tetramethyl,

15 [2,3,5,6-tetramethyl-N,N-&is- {(6-pyridin-2-yl)pyridin-2-ylmethylene} -benzene-1,4-
diamine]dicobalt tetrachloride,
[2,3,5,6-tetramethyl-N,N-bis-{(6-pyridin-2-yl)pyridin-2-ylethylidene} -benzene-1,4-
diamine]dicobalt tetrachloride,

[2,3,5,6-tetramethyl-N,N-bis- {(6-pyridin-2-yl)pyridin-2-ylmethylene} -benzene-1,4-

20 diamine]dicobalt tetramethyl,

[2,3,5,6-tetramethyl-N,N-bis- {(6-pyridin-2-yl)pyridin-2-ylethylidene} -benzene- 1 ,4-
diamine]dicobalt tetramethyl,
[3,5,3",5'-tetraisopropyl-N,N,-bis-(pyridin-2-yl-ethylidene)-biphenyl-4,4'-
diamine]dinickel tetrabromide,

25 [3,5,3",5'-tetramethyl-N,N-bis-(pyridin-2-ylmethylene)-biphenyl-4,4'-
diamine]dinickel tetrachloride,
{3,5,3",5"-tetramethyl-N,N-bis-(pyridin-2-yl-ethylidene)-biphenyl-4,4'-

diamine}dinickel tetrachloride,



di am ne] di ni ckel tetramethyl, [3,5,3" ,5 -tetranmethyl-N, N-bis-
{(6-pyridin-2-yl)pyridin-2-yl nethyl ene} -biphenyl-4,4"- diamne]diiron
t et r achl ovd dens/118605 PCT/EP2005/005653
[3,5,3,5 -tetranethyl -N, N-bi s-{(6-pyridin-2-yl)pyridin-2-ylethylidene}-biph
enyl-4,4"- diamne]diiron tetrachlorid [3,5,3,5 -tetrai sopropyl -N, N-bi s-
{(6-pyridin-2-yl)pyridin-2-yl net hyl ene% - bi phenyl - 4,4' -di am ne]diiron
tetrachloride, [3,5,3" ,5 -tetraisopropyl-N N bis- {
(6-pyridin-2-yl)pyridin-2-ylethylidene} -biphenyl- 20 4,4'-diamne]diiron
tetrachloride, [3,5,3, 5 -tetranmethyl-N, N-bis- {
(6-pyridin-2-yl)pyridin-2-yl nmethyl ene} -biphenyl-4,4"- diamne]diiron

et ramet hy[3,s Bf,ﬁ'lietﬁlsoﬁroﬁyﬁN Hnbklw&n&h%)hmmylene)-blphenyM 4'-

6- pyridin-2-yl)pyridin- | et hyl i dene} -biphenyl-4,4'- diamne]diiron
tr g)r/ret hy 1311121}5(3]()1111101{61 tetrachlgnde, y } pheny ]

t

e

%ﬁeﬁyf’- . BT SR AR LN Pl sl P b eEnd BB P A LY O NN b -
t

(6-pyri dldmnﬁnq]ﬂmmjae]tdtraxslﬂexydeet hyI i dene} - b| phen | - 4 4 -diami ne]diiron

ef r amet hy %005/ yé? CT/ EP 5/ 00 3 L 1
t et r amedh Tggamatylely, ei 8} iphe ’W ﬁj‘e‘{hyl ene}
- bi phenyl - ﬂlaﬂuﬁelllél‘lnm%ﬂrﬁh% pl t tet rachl oride, [3,5

5 -tetraneth bi s- é}] yridin-2-yl) yr|d|n2ylethylldene}

- bi phenyl - §3,51,3' d¢tmmqfil®]1 ,bbbzaﬂpmcbnﬂa)dmﬂaﬂidé@e) -tiphenyl-4,4'-

[3,5,3,5 f: bi s-{(6-pyridin-2-yl)pyridin-2-yl nmethyl ene} - bi
phenyl - 4 aquﬁeg(rir’inhe glihy[tet rachloride, [3,5,3",

5 ttetrai SQQﬁ GWJteti‘d.lszhjp@d-N N,-bis-(pyridin-2-ylmethylene)-biphenyl-4,4'-
{(6-pyridi pyri di n-2- t hyl i dene} - bi phenyl - 4, 4' -di am ne] di cobal t
t et racht% Btﬁ‘@‘n}{‘[]é inigke) tegmf’é‘ﬁ’fanet hyl - N, N- bi s-

{(6-pyri di @3 234 Bk dot by RN NITB s g e 2 -y kRN WpKeny1-4@+-di ani ne] di cobal t

tetraneth
d1amme]d1mckel tetramethyl,

[3,5,3',5'-tetramethyl-N,N-bis- {(6-pyridin-2-yDpyridin-2-ylmethylene} -biphenyl-4,4'-
diamine]diiron tetrachloride,
15 [3,5,35'-tetramethyl-N,N-bis- { (6-pyridin-2-yl)pyridin-2-ylethylidene} -biphenyl-4,4'"-
diamine]diiron tetrachloride,
[3,5,3",5'-tetraisopropyl-N,N-bis- {(6-pyridin-2-yl)pyridin-2-ylmethylene} -biphenyl-
4,4'-diamine]diiron tetrachloride,
[3,5,3',5"-tetraisopropyl-N,N-bis- {(6-pyridin-2-yl)pyridin-2-ylethylidene} -biphenyl-
20 4.4'-diamineldiiron tetrachloride,
[3,5,3',5"-tetramethyl-N,N-bis- {(6-pyridin-2-y)pyridin-2-ylmethylene} -biphenyl-4,4'-
diamineldiiron tetramethyl,
[3,5,3",5"-tetramethyl-N,N-bis- {(6-pyridin-2-ypyridin-2-ylethylidene} -biphenyl-4,4'-
diamine]diiron tetramethyl,
25 [3,5,3",5'-tetraisopropyl-N,N-bis-{ (6-pyridin-2-yDpyridin-2-ylmethylene} -biphenyl-
4.4'-diamine}diiron tetramethyl,
[3,5,3",5'-tetraisopropyl-N,N-bis- {(6-pyridin-2-yl)pyridin-2-ylethylidene} -biphenyl-

4 4'-diamine]diiron tetramethyl,



[3,5,3, 5 -tetramethyl-N, N-bis- { (6-pyridin-2-yl)pyridin-2-ylethylidene}

- bi phenyl -4, 4" - di am ne] di cobalt tetranethyl,

[ 3,5, 3" WO2{148605opr opyl - N, N- bi s- PCT/EP2005/005653
{(6-pyridin-2-yl)pyridin-2-yl net hyl ene}-bi phenyl - 4, 4" -di am ne] di cobal t
tetramethyl, 15

[3,5,3,5 -tetrai sopropyl -N, N-bi s-{(6-63yri di n-2-yl)pyridin-2-ylethylidene}-b
i phenyl - 4,4'-di am ne]dicobalt tetranethyl, [bis-

{4- (pyridin-2-yl -nethyl eneanm no) - 3, 5-di met hyl phenyl } - met hane] di ni ckel

tetrachloride, [bis- { 4-(pyridin-2-yl-ethylideneam no)-3,5-di net hyl phenyl }
-nmet hane] dinickel 20 tetrachloride, [Dbis-

ta-(pyrid ir[lﬁggr,x*[@gg@@%&m%. QB Rb-pridints yDRYEARY- PR 1éne} RpRAYEL 4iNi ckel
4- (pyridi rﬂiﬂninle}cﬁmdby]titdmnhlariﬂmo) -3, 5-di i sopropyl phenyl } -nethane]di ni ckel
tetrachl or] ' D , g 1 . . \
[bis-{4-( plji?gﬁﬁﬁt-eﬁ?’g?FtbﬁbFanbé*hﬁQmYHE})‘l'%f}’QPm‘WBTZHWEWEHWJ -highegghdfai ni ckel

t et rachl ordifiginelddécbalt tdraCRYFlLi n- 2-yI - et hyl i deneam no) - 3, 5- di et hyl phenyl }
-tol uene] di ni ckel tetrachl oride, WO 2005/118605 PCT/ EP2005/ 005653 63 [hi s-
{ 4- ( pyr# dilBSB yl-tetraisoprbpyi @b M-big) U B pBridin: Zs yhroishin-gridmyihlylene hbipheegidi ni ckel
tetrachl orj ¢gle,. [ bisx .

{4- (pyri diﬁgiﬁv{‘iﬂéf%ﬁ’?]&&eﬁfé‘é%"ﬂ%’- 3, 5-di i sopropyl phenyl } -tol uene] di ni ckel

t et rachl or[Bges', s5tetraisopropyl-N,N-bis- {(6-pyridin-2-yl)pyridin-2-ylethylidene } -biphenyl-

[ bis-{4-(pyridin-2-yl-nethyl eneam no) -3, 5-di met hyl phenyl } - 4-

br onot ol uéﬁ@jddwmn@]@éobﬁléﬁtra@ﬂpe%de, [bis- {

o oyt of UdRoT A ERAT Y NP ERHT e PRy DTN Gy dne) iphenyi-4.4-
{ 4- (PYité di diai@in¥jdienbat Wimmethyl,no) - 3>5-di i soPr oPY1PhenY1} - 4-

[3,5.3',5"-tetramethyl-N,N-b&is- {(6-pyridin-2-yl)pyridin-2-ylethylidene} -biphenyl-4,4'-
diamine]dicobalt tetramethyl,
[3,5,3",5"-tetraisopropyl-N,N-bis- {(6-pyridin-2-yl)pyridin-2-ylmethylene} -biphenyl-
4,4'-diamine]dicobalt tetramethyl,

15 [3,5,3',5'"-tetraisopropyl-N,N-bis-{(6-pyridin-2-yl)pyridin-2-ylethylidene}-biphenyl-
4 4'-diamine]dicobalt tetramethyl,
[bis-{4-(pyridin-2-yl-methyleneamino)-3,5-dimethylphenyl} -methane]dinickel
tetrachloride,
[bis-{4-(pyridin-2-yl-ethylideneamino)-3,5-dimethylphenyl} -methane}dinickel

20 tetrachloride,
[bis-{4-(pyridin-2-yl-methyleneamino)-3,5-diisopropylphenyl} -methane]dinickel
tetrachloride,
[bis- {4-(pyridin-2-yl-ethylideneamino)-3,5-diisopropylphenyl } -methane]dinickel
tetrachloride,

25 [bis-{4-(pyridin-2-yl-methyleneamino)-3,5-dimethylphenyl} -toluene}dinickel
tetrachloride,
[bis-{4-(pyridin-2-yl-ethylideneamino)-3,5-dimethylphenyl} -toluene]dinickel
tetrachloride,



10 i bronotol uene] di ni ckel tetrachloride, [Dbis-
{4-(pyridin-2-yl-ethylideneam no)-3,5-diisopropyl phenyl} -4-

br onot ol WASPHHB@Rel tetrachloride, [bis- PCT/EP2005/005653
{4- (pyridin-2-yl -net hyl eneam no) - 3, 5-di net hyl phenyl } -4-

hydr oxyt ol uene] di ni ckel tetrachl oride, ,15

[bi s-{4-(pyridin-2-yl -ethyl i deneani no)®?3, 5- di met hyl phenyl } - 4-

hydr oxyt ol uene] di ni ckel tetrachloride, [his-

{4- (pyridin-2-yl-nethyl eneam no) - 3, 5-di i sopropyl phenyl } -4-

hydr oxyt ol uene] di ni ckel tetrachl ori de,

[ bi s-{4-(pyridin-2-yl-ethylideneam no)-3, 5-dii sopropyl phenyl} -4 20

hydr oxyt ol Roed-GividkE1-letiifdnkhindR3, sLAiss Iphenyl}-toluene]dinickel
{4-(pyridi [E 2{-aﬂ ﬁjyget hyl eneam no) - 3, § di rrest%?%f?enysﬂ e}
- 4-ni t r ot oFRehdgrifleni ckel tetrachloride , [bis-

{4 (oyri df eyl LAGRGRMBEN). 5 s UME K ARG doidaidifigka! uenel di ni cke
[ bi s-{4- ( pgradhilerid?; yl - met hyl eneam no) - 3, 5-di i sopropyl phenyl } - 4-

ni trot ol ue e]g{niqﬁel tftr chloride .

[ bi s-{43 (p[;T?}Sr -rypidip-2-yt-mpthyimsunirehey-dmsthyinhesids dhy| phenyl } - 4-
nitrotol u i i cked: ide, \WD 2005/ 118605 PCT/ EP2005/ 005653 64
[ bi s-{4-( S“y’f?‘.’“ﬁ.*dr?‘%‘%ﬁml%‘gﬁl Eé}f‘gir’nlgglrineno) -3, 5-di met hyl phenyl } - 4-

i sopr opy! t [bisaEhalydidm-2-eb bthyhidenaarhino)-8 dedimethylphenyl} -4-

| sopr opy! {BPEeRe R R or e, 5 L

[ bl s-{ 4- ( pppis- fi-Gry2dii-2-Feideylyemearinop} 53diBogiobSipREnay upheny | } - 4-

isppropgltoluene]din%q el tetrachloride, N

[ bi s- {40 ( pyrpmatluencldinighe) yetragladdei no) - 3, 5- di i sopr opy! phenyl } -4-

i sopropyl t I_(’Bhsu Fﬂﬁiygiidﬂfl—ﬁ-%'ﬁ lathgrﬁ&ern@&mngf-h 9@diisopropy1phenyl} -4-
bromotoluene]dinickel tetrachloride,
[bis-{4-(pyridin-2-yl-methyleneamino)-3,5-dimethylphenyl} -4-
hydroxytoluene]dinickel tetrachloride,

15 [bis-{4-(pyridin-2-yl-ethylideneamino)-3,5-dimethylphenyi}-4-
hydroxytoluene]dinickel tetrachloride,
fbis-{4-(pyridin-2-yl-methyleneamino)-3,5-diisopropylphenyl} -4-
hydroxytoluene]dinickel tetrachloride,

[bis- {4-(pyridin-2-yl-ethylideneamino)-3,5-diisopropylphenyl } -4-

{ 20 hydroxytoluene]dinickel tetrachloride,
[bis- {4-(pyridin-2-yl-methyleneamino)-3,5-dimethylphenyl}-4-nitrotoluene]dinickel
tetrachloride , '
[bis- {4-(pyridin-2-yl-ethylideneamino)-3,5-dimethylphenyl } -4-nitrotoluene]dinickel
tetrachloride,

25 [bis-{4-(pyridin-2-yl-methyleneamino)-3,5-diisopropylphenyl} -4-
nitrotoluene]dinickel tetrachloride ,

[bis- {4-(pyridin-2-yl-ethylideneamino})-3,5-diisopropylphenyl}-4-

nitrotolueneldinickel tetrachloride,



[ { 4-(pyridin-2-yl -nethyl eneam no)-3, 5 -dinethylphenyl } - {

4- (pyridin-2-yl- 10 net hyl eneam no) - 3, 5-di i sopropyl phenyl } - net hane] di ni ckel

t et rachl B¥Q ¥W5/1186P%- { 4- (pyri di n- 2-yl - met hyl eneamni no) - 3,PCI/ER204S/G0§653heny| }

- met hane] di ni ckel tetranethyl,

[ bi s-{4-(pyridin-2-yl-ethylideneam no) -3, 5-di net hyl phenyl} -net hane] di ni ckel
tetranethyl, 15 64

[ bi s-{4-(pyridin-2-yl-nethyl eneam no) -3, 5-dii sopropyl phenyl } - net hane] di ni cke
| tetramethyl, [bis-

(4-(pyridin-2-yl-ethylideneam no)-3,5-diisopropyl phenyl)-nmet hane] di ni ckel
tetranethyl, [bis-{4-(pyridin-2-yl-nethyl eneam no) -3, 5-di net hyl phenyl }

-t ol P ni ckel . . IS 1:
{ 4?( Bi? ie]di gé%ﬁ’@?ﬁ‘%’&g@%g‘%é“%@"?}g!-53‘?‘"rr’eettl?¥§‘i’hp§’ﬁ¥ﬂ§ﬁ'} _tol uene] di ni ckel
tteglr 3gg?ﬁ%%r@$jlﬁluef‘:]ﬁ1ﬁwiltﬁt:;ae]ﬂggﬂe,rret hyl eneam no) - 3, 5-di i sopr opyl phenyl }
[ bi s-{4-( H"&‘&B’édwz- ?%vﬂ%@h@a}ﬁf’?ﬁfr@}fﬁﬂaﬂi’@aﬁ‘r}é‘by| phenyl } - t ol uene] di ni ck
el tetr arﬁ@éﬂi%ﬁyl&%&éfd@ifl@%&ﬂkﬂbﬁ y! - met hyl eneami no) - 3, 5- di net hyl phenyl }
-4- bronot ol'uerie] di nickel tetranet Ejl , WD 2005/118605 PCT/ EP2005/ 005653 65
Lbi S- E 4|5 ( p[}orsi-{gi_—ﬁ}_yacklyl:-Z-Egl-tn;tliyd?nmiamoMﬁ-@;@prﬁpmmﬂ’l})HenyI }-4-
r onot ol uene] di el..tetr .
[bis-{4- (g&? Py -?FldRPé?‘??@E%ﬁgéﬁFﬂ%) -3, 5-di i sopropyl phenyl} -4-

br omot ol uemg] di-pyskRl-2-yEEHIRBINBYhinoP3,5-diisopropylphenyl} -4-
[ bis-{4-( Sﬂjl/ir i gll %ﬁyizi yl- tgt_hy?’?\i deneam %o) -3, 5?dip?8130pl’}(()}by| phenyl } - 4-
br onot ol uekdreRyitoducapldiniekel titaphloride, b -

{4- (pyri dina 25y aifBLA%hERAELA0k6)D, Pafth AR VIBYERTE Y G yridli-2-y1-

10 methyleneamino)-3,5-diisopropylphenyl } -methane]dinickel tetrachloride,
[bis- {4-(pyridin-2-yl-methyleneamino)-3,5-dimethylphenyl } -methane]dinickel
tetramethyl,
[bis-{4-(pyridin-2-yl-ethylideneamino)-3,5-dimethylphenyl } -methane]dinickel
tetramethyl,

15 [bis-{4-(pyndin-2-yl-methyleneamino)-3,5-diisopropylphenyl} -methane]dinickel
tetramethyl,
[bis-{4-(pyridin-2-yl-ethylideneamino)-3,5-diisopropylphenyl} -methane]dinickel
tetramethyl,
[bis-{4-(pyridin-2-yl-methyleneamino)-3,5-dimethylphenyl}-toluene}dinickel

20 tetramethyl,
[bis-{4-(pyridin-2-yl-ethylideneamino}-3,5-dimethylphenyl}-toluene]dinickel
tetramethyl,
[bis-{4-(pyridin-2-yl-methyleneamino)-3,5-diisopropylphenyl} -toluene]dinickel
tetramethyl,

25  [bis-{4-(pyridin-2-yl-ethylideneamino)-3,5-diisopropylphenyl} -toluene]dinickel
tetramethyl
[bis-{4-(pyridin-2-yl-methyleneamino)-3,5-dimethylphenyl}-4-

bromotoluenejdinickel tetramethyl,



hydr oxyt ol uene] di ni ckel tetranethyl, [bis-
{4-(pyridin-2-yl-ethylideneam no)-3, 5-di net hyl phenyl} -4- |o

hydr oxyt oWO28YHB6l5Sckel tetranet hyl, PCT/EP2005/005653

[ bi s-{4-(pyridin-2-yl-methyl eneam no) -3, 5-di i sopropyl phenyl } -4-

hydr oxyt ol uene] di ni ckel tetranethyl, [bIS-

{4- (pyridin-2-yl -ethylideneani no)-3, 56%iisopropyl phenyl } -4-

hydr oxyt ol uene] di ni ckel tetranethyl, 15
[bis-{4-(pyridin-2-y|-nethy|eneanino)-3,5-dinethylphenyl}-4-nitroto|uene]din
i ckel tetranethyl,

[ bi s-{4-(pyridin-2-yl-ethylideneam no) -3, 5-di net hyl phenyl } - 4-ni trot ol uene] di

ickel t . thyl. .. b
(4 (pyri o ORI iR ming) st ARty ) o 20
& (pyr i neoeyl erhl Ldenoam oy, & g1 sopr opy| phenyl } -4
rrarn I aeneam_no L1 SOpro en -
ni t%t ol uerﬁ@f%:/{f‘ﬁpm% -2 rpethdenspming)nd, é—mlsgprog)%pﬁenyl}yfi-

4- d 5- di net hyl phenyl } - 4-
{ (py“ I%(ﬁn&ﬂ) gﬁﬂ%h&?tetra ?h g ypeny}

|sopropylto uene yl, 25°
[ bis-{4- p)['bwdm(pﬁﬁdth—2e.¢l¥vmlﬂenmrm®ea 5-diiSerstopwplipplyhény| } - 4-

isopropylt | uene |ck tetra hyl, [bis-
{4-(pyridi TOZ“Q}PJ“F?E“H e 54'3 5-di i sopropyl phenyl} - 4-

i sopropyl t%, cﬁh Qkﬁlmétﬁﬁl%ﬁ'éﬁ%ﬁlﬁa)w 5 2R0bhek80a5 PCT/ EP2005/ 005653 66
[bis-{4-(p - et hyl i deneam no) -3 5 di i sopropyl phenyl }-4-

-|sopropyltéN@@ﬁﬁPhﬁﬁﬂdﬂ@¥el@ﬁﬂﬁwﬁw

rret E\zlr Ieg:ag%@ln)c{) (gﬁg&]% ﬁg 5@3 aﬁl 1§o l?#hﬁ@%%h ckel {t4e§ rp)a(;r:eglhgl = )5/I

[ bi s-{(16- Mymmdmmhﬁmﬂﬂhm@mldmﬂnﬁﬂgﬂ nethyleneanlno) 3, 5- dinethylphenyl}-

met hane] di I[élo Q4t et r(f\ n- -m&ﬁyleneammo) 3,5-diisopropylphenyl} -4~
hydroxytoluene]dinickel tetramethyl,

[bis- {4-(pyridin-2-yl-ethylideneamino)-3,5-diisopropylphenyl} -4-
hydroxytoluene]dinickel tetramethyl,

15  [bis-{4-(pyridin-2-yl-methyleneamino)-3,5-dimethylphenyl} -4-nitrotoluene]dinickel
tetramethyl,
fbis-{4-(pyridin-2-yl-ethylideneamino)-3,5-dimethylphenyl } -4-nitrotoluene]dinickel
tetramethyl,

[bis- {4-(pyridin-2-yl-methylenearmino)-3,5-diisopropylphenyl} -4-

( 20  nitrotoluene]dinickel tetramethyl,
[bis-{4~(pyridin-2-yl-ethylideneamine)-3,5-diisopropylphenyl} -4-
nitrotoluene]dinickel tetramethyl,
[bis-{4-(pyridin-2-yl-methyleneamino)-3,5-dimethylphenyl} -4-
isopropyltoluene]dinickel tetramethyl,

25 [bis-{4-(pyridin-2-yl-ethylideneamino)-3,5-dimethylphenyl}-4-
isopropyitoluene]dinickel tetramethyl,
[bis-{4-(pyridin-2-yl-methyleneamino)-3,5-diisopropylphenyl} -4-
isopropyltoluene]dinickel tetramethyl,



[bis- {((6-pyridin-2-yl)pyridin-2-yl-ethylidenean no)-3,5-di methyl phenyl }-
met hane] diiron tetrachloride, [bis- ((6-pyridin-2-yl)pyridin-2-yl-methyl
eneani noN@28541868%pr opyl phenyl } - to nethane]diiron t RCEERIOFHDSES3

[ bi s-{(6-pyridin-2-yl)pyridin-2-yl-ethylideneanm no)-3, 5-diisopropyl phenyl} -

met hane] diiron tetrachloride, bis- {

((6-pyridin-2-yl)pyridin-2-yl-methyl e®ani no) - 3, 5- di et hyl phenyl } -

nmet hane] diiron tetranethyl, 15
[bis-{((6-pyridin-2-y|)pyridin-2-y|-ethy|ideneanino)-3,5-dinethylphenyl}-
ni ethane]diiron tetramethyl, [bis-

{(6-pyridin-2- yI)pyridin 2-yl - met hyl eneam no) - 3, 5-di i sopropyl phenyl } -

??téhggﬂ g:[b{ o{q yr| &Pgt‘gyh(ie%%ﬁmm %3#‘&58?089"?&6%“&. I sopropyl phenyl }- 20

met hane] duscrp@dsp}tlﬁlﬁeaa}ahﬁwel te[tlbirﬁ:thy{
((6-pyridin- d)n[?ﬁ“ di n- | eneam no) - i et hyI phenyl } -

net hane] dl[é‘bﬁ%}ﬁ rylaeﬁhﬂﬁmee@mq) dlmethylphenyl} {4 (Pyﬂd -2-yl-
{((6-pyri % AedebhBYAS) 5’ rm@o%ipﬁg@%drﬁ%m]&%cﬁl Rubig®yY! phenyl } -

rrethane]dlco It tet rachl ori

((6- pyr$ di[bis2{{6-pyrydin-@ryh3rigin-2ryt-tmpthytepaamino)-3 35 -Simtithdpipngy | pheny! } -
met hane] di coFaI hfj tetrac 1or| de,
[ bi s-{ (6- gy Paeddinoy teprschlprde, > v| _et hyl i deneami no) - 3, 5- di i sopr opyl phenyl } -

met hane] d WEngdake 4005653 67
[ bis- {(](GI[B{;P{?@-%%?I%QC@@F%E rret hﬁgﬁeafﬁgeﬂg%gﬁl met hyl phenyl } -

met hane] dire@haneidiirern tetrseklatide, [ bi s-
%?hg%;i g:[glgb{gf-p)yﬁ Al ?@Pﬁncﬁnégﬁ %thﬂ@ﬁ‘e%%ﬁm@ 3 %’hsc%rgpﬁgﬁemﬁ}phenyl b -
[ bi s-{(®- pwthﬁieﬂﬂiﬁeylteupymbﬂd@ 2-yl - met hyl eneami no) - 3, 5-di i sopropyl phenyl } -
[bis-{(6-pyridin-2-yl)pyridin-2-yl-ethylideneamino)-3,5-diisopropylphenyl} -
methane]diiron tetrachloride,
bis-{((6-pyridin-2-yl)pyridin-2-yl-methyleneamino)-3,5-dimethylphenyl} -
methane]diiron tetramethyl,
15 [bis-{{(6-pyridin-2-yl)pyridin-2-yl-ethylideneamino)-3,5-dimethylphenyl} -
methaneldiiron tetramethyl,
[bis- {(6-pyridin-2-yl)pyridin-2-yl-methyleneamino)-3,5-diisopropylphenyl } -
methane]diiron tetramethyl,
[bis- {(6-pyridin-2-yDpyridin-2-yl-ethylideneamino)-3,5-diisopropylphenyl} -
20 methane]diiron tetramethyl,
[bis- {{{6-pyridin-2-yl)pyridin-2-yl-methylencamino)-3,5-dimethylphenyl} -
methane]dicobalt tetrachloride,
fbis- {((6-pyridin-2-y])pyridin-2-yl-ethylideneamino)-3,5-dimethylphenyl} -
methane]dicobalt tetrachloride,
25  [bis- {(6-pyridin-2-yl)pyridin-2-yl-methyleneamino)-3,5-diisopropylphenyl}-
methaneldicobalt tetrachlonde,
[bis-{(6-pyridin-2-yl)pyridin-2-yl-ethylideneamino)-3,5-diisopropylphenyl} -

methane]dicobalt tetrachloride,



met hane] di cobalt tetranethyl, and [his-{
(6-pyridin-2-yl)pyridin-2-yl-ethylideneam no) -3, 5-diisopropyl phenyl} -

met hane] VO3REYHI8608t r anet hyl . 10 Transition netal conpl BEYERDOT(956S3
invention are typically prepared by reaction of the tetradentate or
hexdentate ligand with the desired netgl halide, preferably a netal

dihalide, in an appropriate solvent, preferably n-butanol, and heating the
reaction mxture. 15 M XED CATALYSTS M xed cat al yst systens can al so be
used, for exanple, the invention catalyst can be used in conjunction with a
"second catalyst" in the sane reactor or in a series of reactors where the
i nvention catal yst produces oligoners, nmacroners, or polynmers wth olefinic
end- gr oupspbia{{((6-pidiiLed)pytidaal -3l -yrthyldoeaaing (o S dimetiidsiengl) goners, 20
macromers, or pQlyners into pol ymer backbone as a copol yner with ot her
nonomer s, %‘B‘@ﬁ“ﬁ@‘%‘%ﬂﬁ%ﬁ?ﬁ ropyl ene, butene, and other C2 to C20 ol efins.
Al ternativgk Welol . I ;ﬁlﬁml ction with a
second cat }K%gt(é Bﬁldlﬁ\ﬁ:ﬁyfn@l If%%@%%?h%%@?ﬁ&g))ggfﬁg{seﬂl regfgtors where the
second catmkthsteldicadilidtetsamethylgomer s, nmacroners, or polyners with olefinic

end- groups,,.apd the. inventian.25 ¢ | yst .inc arates .t hese oligoners,

macr omers, L06F P@@Wﬁ@ﬁ@'yﬁﬂ%‘gﬁ‘zb‘arwaéﬁe %&E&‘@aﬁ%@a?w%ﬁmﬂy Br with other
nononers, sehbndlgicelditb@NBethAl &Y ene, butene, and other C2 to C20 ol efi ns.
The "second catal yst" can be of the sane fam I%/_Idas the invention catalyst,

or can be Picfoyedimpl-abpyydiailt fletldidernasring)st. Sdtpnropylphensli se, the

i nvention : J<) d in conjunction with a "second catalyst" in

t he sane v@@‘%‘g‘%ﬁ‘%‘i‘%‘gﬁ&ﬂﬁ#ﬁgpmoa 005653 68 reactor or in a series of
redctors where the invention catal yst and the "second catal yst" produces

m xtures of, bl.ends o olyners.,.lnovention pol ri zatiqn catal yst, systens
can conPri SENSHER Fﬁe@lﬁ‘?m%lfg’é‘?si%thlﬁ&ﬂ?%% fﬁgfpb% é’é’f%ﬂféit%é’,reg%‘r?ﬂfﬁpé_s referred
to as the {cgeennfe GalealiMTte ligBHfh heaRlgidd R0@1 haide] profcRMlyMBkiak at i ON

catal ysts are any of those well known in the art to )
dihalide, in an appropriate solvent, preferably n-butanol, and heating the reaction

mixture.

15 MIXED CATALYSTS

Mixed catalyst systems can also be used, for example, the invention catalyst

can be used in conjunction with a "second catalyst" in the same reactor or in a series
of reactors where the invention catalyst produces oligomers, macromers, or polymers
with olefinic end-groups, and the "second catalyst" incorporates these oligomers,

( 20 macromers, or polymers into a polymer backbone as a copolymer with other

\ monomers, such as ethylene, propylene, butene, and other C2 to C20 olefins.
Alternatively, the invention catalyst can be used in conjunction with a second catalyst
in the same reactor or in a series of reactors where the second catalyst produces
oligomers, macromers, or polymers with olefinic end-groups, and the invention

25  catalyst incorporates these oligomers, macromers, or polymers into a polymer

backbone as a copolymer with other monomers, such as ethylene, propylene, butene,
and other C2 to C20 olefins. The "second catalyst” can be of the same family as the
invention catalyst, or can be from a completely different catalyst family. Likewise,

the invention catalyst can be used in conjunction with a "second catalyst" in the same



catalyze the olefin to polyolefin reaction. Sonme invention catal ysts systens
include G oup-4-6 netall ocenes as additional olefin polynerization

cat al yst WO MB5/31860Tenes i nclude (un)bridged conpounds COMTER2MSNUSEIE
(mono(cycl opent adi enyl ) netal | ocenes) or two (bis(cycl opentadi enyl)

nmet al | ocenes) (un)substituted 10 cycl opent adi enyl- Iigand(s). In bridged

met al | ocenes, a single, cyclopentadief§l |igand connects to a heteroatom
ligand with both coordinating to the netal center, or two cycl opentadienyl

| i gands connect together with both cycl opentadi enyl |igands coordinating to
the netal center. Typical catalysts and their precursors are well known in
the art. Suitabl e descri pti on appears in t he patent literature, for exanple
U 15 S. Patents 871, 7 24, 80 418044

EP- A- 0591 78§ {67 oy doedish GbBagiolsinee o PR AN 6 NS | ect the

met al | oce@ﬁ,dugéym%ﬂg%{mg{ﬂsramg}yﬁs b| S- cycl opent adi enyl - substi t ut ed,
Goup-4, -5, and -6 netals in which cyclopentadienyls are (un)substituted

with one or nofevegtionpelywerigation dotalyshexstenes eachmpripreadditionabolgfin
nmet al - coor, he t S {.nS | ar met al | ocene
corrpounds gb@%@gp%n éa?al S%St (30 eﬁlg'g;grs?gearﬁ%ﬂﬁ?/a I&ll dsec%n€ ga@%gh Irg%ﬁ?er or to a

met al - oo laddhtiaﬁeﬂd:ldfmtﬁy&ﬂé:ﬂiﬁhoﬁ@ﬁal@aﬁare%tyeﬁtﬂmsE vi2N&nd o imtd arfp304, 614.
Sonme i nventi on cat alfysts systens include the follow ng additional olefin

pol ymer i z&8RbREe thigrole tlosl)"l)l‘%?f&} 1ea¢tioRe Sem?damm@ngaﬂya |SESteIgs Iciudear
pol yet hyl epgyPh_6 ﬁéﬁ%&&%@%ﬁ%ﬁ@f diéﬁ}gp&?ﬂf LYARh cQ{aﬁg&CMé{ﬁ‘ll&%r e

copol yner neans conprising at |east erent norioners) are essentially

t hose di satchstedunlbridg@deoi/odddantaiiife on¢ mergcyohopentagdienfit ent s 5, 001, 205,
5, 057, 475

, , 98, 401, 5,304, 6 3 8 and 4 ., Sel ection of
net al | oceﬁ'e%é%’ﬁ%eﬁ}f&fsmf’ 13‘?8%’88’??‘3b@g53m§éﬁﬂf%ﬁ@i‘%%@%ﬁq opyl ene bl end
pr oductol oRyclaphtddieiyt l@afﬁ(d)eaesmdgeﬁenaﬂldcekmmmgn &5@1@6@6&&&605
PCT/ EP2005/ 005653 69 the patent and .academic |iterature, . Journal of

Or ganonet &ew%cceﬁe‘r%\e% esegatonglwnémﬂ’(bmpg?ordwmﬂ thvmefahse@ercaﬁ alysts are
stereori gigy &3 Eéngl LHEIIE BbnnePl to aﬁaﬂt&%ﬂsaﬂlc&abpaﬂcﬁédypﬁgﬁm I nvention
activators ares 1ted actlvatlngt ese type

coordinating to the metal center. Typical catalysts and their precursors are well
known in the art. Suitable description appears in the patent literature, for example U.

15 8. Patents 4,871,705, 4,937,299, 5,324,800, EP-A-0418044, EP-A-0591756,
W0O-A-92/00333 and WO-A-94/01471. Some embodiments select the metallocene
compounds from mono- or bis-cyclopentadienyl-substituted, Group-4, -5, and —6
metals in which cyclopentadienyls are (un)substituted with one or more groups or are
bridged to each other or to a metal-coordinated heteroatom. Some embodiments

20  select similar metallocene compounds except they are not necessarily bridged to each
other or to a metal-coordinated heteroatom. See U.S. Patents 5,278,264 and
5,304,614.

Some invention catalysts systems include the following additional olefin

polymerization catalysts. Metallocene compounds suitable for linear polyethylene or

25  ethylene-containing copolymer production (where copolymer means comprising at
least two different monomers) are essentially those disclosed in WO-A-92/00333,
WO 97/44370 and U.S. Patents 5,001,205, 5,057,475, 5,198,401, 5,304,614,
5,308,816 and 5,324,800. Selection of metallocene compounds for isotactic or
syndiotactic polypropylene blend production, and their syntheses, are well-known in



of catalyst precursors. 5 Likew se, sone invention catalysts systens include
the follow ng additional olefin polymerization catalysts:
monocycl oYER08H1BAA net al | ocenes with Group- 15 or - 16POBERLISDESEES

connected, through a bridging group, to a cycl opentadi enyl-ligand ring
car bon. Both t he cycl opent adi enyl é%and and the heteroatom connect to a
transition netal. Sone enbodi nents sel t a Goup-4 transition netal.

Addi tionally, 10 unbridged nonocycl opent adi enyl, heteroat om cont ai ni ng

G oup-4 conponents of WD 97/22639 will function with this invention.
Moreover, transition netal systenms w th high-oxidation-state, G oup-5-10
transition-netal centers are known and can serve as the additional olefin

pol yneri za Y t . vent| on

DOy st 2P MRl S0 b ki R Bk 308

conpounds 359-8%@(1588). tTm@dllypiheﬁd et sty i istezetirigid) ag@h@btyis] chiral, or

Non- cycl opg q&a i ﬁ'ﬁou -4-5 precursor conpqQunds are act vable to

st abl e, g %ﬂ%ecfeék ms ec%ﬁplnér%&on FCHYIOGSTS %@é f%flmtmgﬁbessm,

chel ati ng, Ofiéﬁa[[},& Sredupi@pds, such as described in U S, Patent 5,318,935 and

"Conformation Di/ Rigid D am de Conpl exes: Synthesis and 20 Structure of
Tant al um (111) Rlkeyrise, Bené inyenticesatalydts systetvlsdmiwdd the foltving edddigpahonet al | i cs

1995, 14, 3 .U S Pt nt 5,31 s brid and._unbri dged,
bt oo am do BERLRSDRRriG g R BT PR GRS 45 ot i e
pol ymer i zabi 016 h&éﬂod@ﬁﬁ cbhﬁe(cﬁﬂii}’ih?dﬂgﬁ@)brﬁégﬁpgrélllﬁ @R evdIsksent4dien9]-BEdnd

nvi |

pol yneri zation are described b et al., in Organonetallics
1995 25 14ngsabgusBath thsymlmtaéwﬁﬁkfﬁwga%@dctbﬁb@imm@h@ﬂnaé%té@ Rzation are

present ed. wafiidkual O50mEBRRAAAS AR SlouiGPRoh Grelt Bhonaty

G oup- 410c o nplridpsd nidretydorendionys hbtzamtmoomamaigy@ttosp-f@onﬁoohenmn’é

Addi ti I t t I de th
Coaor | o TR0 BB B0 R Bl bR B en b REbH R0
2005/ 11860%itRGIgHE=ERIA Q5 SGroup & - TPiy¥dnZ@t taDEenCRs i R%6%n afi®cati scl osed in

copending U. S. plicatiaon_ Ser
serve as the additional oleﬁn polymerization catalysts with invention catalyst

systems.
15 Invention catalyst systems can use non-cyclopentadienyl, Group-4-5 precursor

compounds as the additional olefin polymerization catalysts. Non-cyclopentadienyl,
Group-4-5 precursor compounds are activable to stable, discrete cationic complexes
include those containing bulky, chelating, diamide ligands, such as described in U. S.
Patent 5,318,935 and “Conformationally Rigid Diamide Complexes: Synthesis and

( 20 Structure of Tantalum (IIT) Alkyne Derivatives”, D. H. McConville, et al,
Ozganometallics 1995, 14, 3154-3156. U.S. Patent 5,318,935 describes bridged and

unbridged, bis-amido catalyst cdmpounds of Group-4 metals capable of alpha-olefins

polymerization. Bridged bis(arylamido) Group-4 compounds for olefin
polymerization are described by D. H. McConville, et al., in Organometallics 1995,
25 14, 5478-5480. Synthetic methods and compound characterization are presented.
Further work appearing in D. H. McConville, et al, Macromolecules 1996, 29, 5241-
5243, describes bridged bis(arylamido) Group-4 compounds that are polymerization
catalysts for 1-hexene. Additional invention-suitable transition-metal compounds

clude those described in WO 96/40805. Cationic Group-3- or Lanthanide olefin



09/ 408050, filed 29 Septenber 1999, and its equival ent PCT/US99/22690. A
nonoani oni ¢ bidentate |ligand and two nonoanionic |igands stabilize those
cat al ystWO08¥11860r s; they are activable with this inveRCIFER200560A3653

cocatal ysts. O her suitable 5 G oup-4-5 non-netall ocene catal ysts are

bi netal | ocyclic catal yst conpounds cegprising two independently selected
G oup-4-5 netal atons directly linked through two bridging groups to form
cyclic compounds. Invention catal yst systens can use transition netal

catal yst precursors that have a 2+ oxidation state as the additional olefin
pol yneri zation catal yst. Typical |10 N z+ and Pdz+ conpl exes are dii m nes,
see "New Pd(11)- and Ni(Il)- Based Catal ysts for Polynerization of Ethylene
and a- O efrohgtigrizhtiorBcomdhxestare disclased id coptmmding{S 6 Apﬁ:‘matlpn fevNo. 117,

oLt o415 o B G OB BAaR cou ARl &

G bson andnéidaioficl Yidenbidy Bharfdl £iditho RYnbERIGAZ HohRdh EMiRLRbSE Aasad on iron
and 15 cobal t", em Commun., 849-850, 1998. For a review of other

potenti al REesuEsoyss theyseartivableorith thistinvmtion” inmid eosatalysts. tQher suiteldat | on

catal yst s, 1000, 1169
and V. %%ﬁggn% ‘éOn[‘)Idmé{.ah% "%%?tra r?%sslgé%tr;'%@%%’d’gﬁﬁﬁggémp%‘gg 283. 20
Acti vat or Scompdsﬁg&ab ﬁﬁiep&ﬁiehﬂﬁb&lmecﬂ'@ﬁ)uplfmme&alamnmdlﬁécﬂydmk@hnds when

[ ctiv tor such as nethyl alunmoxane, form

activat ed@?f a}E knomnwbt%
active cat oygh &v d&“l%gﬁ%‘P‘i/ D &Y %9r?°8‘rp°“6q‘% gomeri zation of ol efins.
Activators t hatxnwo%at %ﬁls‘égﬁuéla' &Hﬁ@%ﬁﬂ%ﬁ%&lfs@gr&%&ﬁ lnad| UMTOXane,

nodi fi ed net hyl al unoxané, al unoxane, i so-but 5 al unoxane and the
li ke; Lewilavesid omclailma&tmess thmddu@nalrd?ﬂtemlmbnmp cetalyst. Tgidal uor ophenyl

boron,  trig2perf I m._num t ke a i ncl ude
di et hy(% rﬁll Ilr%uo%?‘?pg &S aﬁe %‘? sk gpffa{%g?ﬁ ngba d N{@pﬁ%ﬁﬁtda@ oni um
tetrakis pefpdiye Eﬁiﬁ@i@ﬁbk‘E @Heund di-ORIERY!, M BroBii, beAll BKAR, pREhI Uor opheny|
alum nate, and t he | i ke. 2005/ 118605 PCT/ EP20051005653 71

Soc., 1995, 117, 6414-6415, WO 96/23010 and WO 97/02298. See additionally the

related bis(imino) Group-8 and —9 organometallic compounds described by V. C.

Gibson and others in “Novel olefin polymerization catalysts based on iron and

15 cobalt”, Chem. Commun., 849-850, 1998.
For a review of other potential catalysts used in combination or series with the

invention catalysts, see S. D. Ittel and L. K. Johnson, Chem. Rev. 2000, 1000, 1169
and V. C. Gibson and S. K. Spitzmesser, Chem. Rev. 2003, 103, 283.

20 Activators and Catalyst Activation

The transition metal compounds, when activated by a commonly known
activator such as methyl alumoxane, form active catalysts for the polymerization or
oligomerization of olefins. Activators that may be used include alumoxanes such as
methy] alumoxane, modified methyl alumoxane, ethyl alumoxane, iso-butyl

25 alumoxane and the like; Lewis acid activators include triphenyl boron, tris-
perfluorophenyl boron, tris-perfluorophenyl aluminum and the like; lonic activators
include dimethylanilinium tetrakis perfluorophenyl borate, triphenyl carbonium
tetrakis perfluorophenyl borate, dimethylanilinium tetrakis perfluorophenyl

aluminate, and the like.



A co-activator is a conmpound capable of alkylating the transition netal
conpl ex, such that when used in conbination with an activator, an active
cat al yst w@ 20050186881, Co- acti vators include al unoxanes s@'@ﬁ’ﬂ’@"%@@ﬁﬁ

al unoxane, nodified alunoxanes such as nodified nethyl alunoxane, and

al um num al kyl s such trinethyl 5 aluniggg1 tri-isobutyl alumnum triethyl
al um num and tri-isopropyl alum num -activators are typically used in
conmbi nation with Lewi s acid activators and ionic activators when the
pre-catalyst is not a di hydrocarbyl or dihydride conplex. The al unoxane
conponent useful as an activator typically is an oligoneric alum num
conmpound represented by the general formula (R'-Al-O,,, which is a 10

cyclic conpound,a g6-aflivatdRis AbothPordldRap %ﬂe&ﬂlﬁﬁaﬁr&%ﬁhﬁﬁ%@dﬂ@yl ggpound. In the

general alunoxane formula, R' iIs independent radi cal, for
exanpl e, rre:pmp_lex S@thrﬂgﬂt when assd in dgmb}ﬂahoq’wnthyaln actigatere Al adtivercawlyst iand t he

i ke, and " er fro ) erabl L t hyl and
"n" is at Ieas %F siarlyde %“5”‘8‘%38 SIIY%b ]?q?tgﬁl A e?ﬂ“ﬁ‘?’?’ﬁigﬁes are nost
preferred. aﬁﬁﬂoﬁahésl ahﬁh a@lmarﬂeﬁt;manﬁ abfroxabl) Ad bhmAddm 2861s dubh @ib8#y1218, EP O
561476, W094/10180 and, US Pat, Nos. 4,665, 208, 4, 874,734, 4,908, 463,

4. 924, 018, aumigumgapisohutyldummpm, trighyl abgainum, sl trisisopropy alweingm]
5,157, 137,
2 301 795, Gratfnthitrs putily bl inofbdiBh vt Reld soRataSatitionic,

t he cat al ysat:ﬁmtmsuwlsmthdp:re-cﬁ(alyatisimaa ditydwicabyr atdilpydrigle tommpleabout 1: 3000 to
10:1; alternati 2000 to 10; 1; alter at | vel 1000 to 10: 1;
alternatively, Vﬁ?@&)‘“’f‘%‘a‘fe iomaqqeg}%l@éma B’(ﬁ%ﬂ% ailyis an ol gomeict | vel y

1: 200 to 1: aiumahwoﬂa;ouﬂ&iqsm%eﬂt@@by melgeﬁeraafohaﬁmkr‘-woon,leﬁ&h ¢ 11,

alternatively 1:10 to 1:1. the activator is an alurmxane(rmdlfled or

unnodi f i%d)cyc%?@m&ﬂfr?er(&*ﬁé@)eéﬂ{ réhighigiarhnerraesnonnd s Inghe gngradr at a 25
5000-fol d irh e)%agxé?c?rg-ﬁﬂao‘f{eﬁs fnfl cﬁéélﬁ{yyasé o%?lﬂﬂ Qfical BSL ef {jxﬁgp r@%ﬂl ytic

site). The m’'ni mum &cti va octa yst-'prec iois 1.1
mol ar r at i ethyl,grogylaottyly pérdylsis¢mersttherest, assbidic like, caudﬁn hatanonegértftona

i sor et o 1 drf® BUERIEREPD: Bormagy IRE opin kT Lorisyit] Sorissts T Coro) 1.
[ Me2PhNH| [ BfddiBeBm3iht A1{ndXahlel 47 most preferred. For further descriptions see, EP 0
15 279586, EP 0594 218, EP 0 561 476, W094/10180 and US Pat. Nos. 4,665,208,
4,874,734, 4,908,463, 4,924,018, 4,952,540, 4,968,827, 5,041,584, 5,091,352,
5,103,031, 5,157,137, 5,204,419, 5,206,199, 5,235,081, 5,248,801, 5,329,032,
5,391,793, and 5,416,229.
‘When an alumoxane or modified alumoxane is used, the catalyst-precursor-to-
20 activator molar ratio is from about 1:3000 to 10:1; alternatively, 1:2000 to 10:1;
alternatively 1:1000 to 10:1; alternatively, 1:500 to 1:1; alternatively 1:300 to 1:1;
alternatively 1:200 to 1:1; alternatively 1:100 to 1:1; alternatively 1:50 to 1:1;
alternatively 1:10 to 1:1. When the activator is an alumoxane (modified or
unmodified), some embodiments select the maximum amount of activator at a
25 5000-fold molar excess over the catalyst precursor (per metal catalytic site). The
preferred minimum activator-to-catalyst-precursor ratio is 1:1 molar ratio.
Tonic activators (at times used in combination with a co-activator) may be
used in the practice of this invention. Preferably, discreté ionic activators such as
[Me;PANH][B(CeFs)al, (PhsCIB(CgFs)al, (Me2PhNH][B((CsH3-3,5-(CF3)2))al,



WO 2005/ 118605 PCT/ EP2005/ 005653 72 [Ph3C] [ B((C6H3- 3, 5-(CF3) 2))4],

[ NH4] [ B(C6H5) 4] or Lewis acidic activators such as B(C6F5)3 or B(C6H5)3 can
be used. WO 0118605 co- acti vators, when used, are al unpPamAP2605005653 net hyl
al unoxane, nodified al unoxanes such as nodified nmethyl alunoxane, and

al um num al kyl s such as tri-isobutyl alum num and trinethyl 5 alumnum It
is wthin the scope of this inventi on720 use an ioni zi ng or stoichionetric
activator, neutral or ionic, such as tri (n-butyl) amoniumtetrakis

(pent af | uor ophenyl ) borate, a trisperfluorophenyl boron netalloid precursor
or a trisperfluoronaphthyl boron netalloid precursor, polyhal ogenated

het er oborane 10 ani ons (WD 98/43983), boric acid (U S. Patent No. 5,942, 459)

i . _ | o . ot
"ot ude A EIRGCHES SRS (Riftn 2L LR EMOERls ARG TIETE o
m xt ur es tB{EsBHF or BitaH; hcawbsuded! Prafandd cogaativpersamwher asdd, mmedependent | y

| ected f | Kyl | k | s, hal . tituted 15 al . | s,
ry1 hal | LSRGl A abinoxsrea MaRHERy R eAtEH sk g MOy o ©
i ndependenfdily19fiR&E A, MIAMARLRAIA s TRAAs H-idduhit S ftidm, (nA Himeingo

hal osubstituted) aryls, alkyls, and al kenyl conpounds and m xtureés thereof,
pr ef er r'ed alumeingikenyl groups having 1 to 20 carbon atons, al kyl groups

having 1 to 20 .carbgn atons KOX roups having 1 tq 20. carbon atons and
aryl groups ha\%&ﬁ@' 1P glczgﬁ(’%ea(f‘tﬁglﬁ l%mg?’bﬁs“sf iaﬂécfrﬁg‘%ﬁr %ﬁ"ﬁg'toﬂeﬂ?ced aryls).
More pref ecanitys, nélieal bhione:, ScBUR 3ri ﬁi-su@}%lﬁmrﬁoniﬁna\tét&gdsl to 4 carbon groups,
phenyl, naplithyl aor m xtures thereof. Even nore referably, the three

groups ar dPHitGEeRheayl) bprats a trisperfluorqpbeny] osn metalleid grepusor or abst
pr ef er abl .- %ﬁ] i, chl i t] i R or ophenyl
boron or ﬁlsfp:eg%uedr} O?Jg%g%rﬁ?&{ﬁtﬁggir%ﬂg&r 5’*%2%‘%%%%?2##%@0%% activator
conpoutids ammps B0 98/43283) deticwaeiddiiot. datendNo. §,.84%h4 #)vecombinaben associ at ed
wi th, but é_{lotcﬁcoordi nated to, or only loosely coordinated to, the remaining
i on of thé ¥ &Nt zi ng conmpound. Such conpounds and the like are

Examples of neutral stoichiometric activators include tri-substituted boron,

tellurium, aluminum, gallium and indium or mixtures thereof. The three substituent
groups are each independently selected from alkyls, alkenyls, halogen, substituted

15  alkyls, aryls, arylhalides, alkoxy and halides. Preferably, the three groups are
independently selected from halogen, mono or multicyclic (including haloéubstituted)
aryls, alkyls, and alkenyl compounds and mixtures thereof, preferred are alkenyl
groups having 1 to 20 carbon atoms, alkyl groups having 1 to 20 carbon atoms,
alkoxy groups having 1 to 20 carbon atoms and aryl groups having 3 to 20 carbon

20 atoms (including substituted aryls). More preferably, the three groups are alkyls
having 1 to 4 carbon groups, phenyl, naphthyl or mixtures thereof. Even more
preferably, the three groups are halogenated, preferably fluorinated, aryl groups.
Most preferably, the neutral stoichiometric activator is trisperfluorophenyl boron or
trisperfluoronaphthyl boromn.

25 Ionic stoichiometric activator compounds may contain an active proton, or
some other cation associated with, but not coordinated to, or only loosely coordinated
to, the remaining ion of the ionizing compound. Such comnpounds and the like are
described in European publications EP-A-0 570 982, EP-A-0 520 732, EP-A-0 495
375, EP-B1-0 500 944, EP-A-0 2777 003 and EP-A-0 277 004, and U.S. Patent Nos.



described in European publications EP-A-0 570 982, EP-A-0 520 732, EP-A-0
495 375, EP-B1-0 500 944, EP-A-0 277 003 and EP-A-0 277 004, and U.S.

Pat ent NowoO 2¢63/08615/ 118605 PCT/ EP2005/ 005653 73 5, 153, 167 1/EB20088056€51
5,066, 741, 5,206,197, 5,241,025, 5,384,299 and 5,502,124 and U. S. Patent
Application Serial No. 08/285, 380, fil%gl August 3, 1994, all of which are
herein fully incorporated by reference/“lonic catal ysts can be prepared by
reacting a transition netal conmpound with 5 an activator, such as B(C6F6) 3,
whi ch upon reaction with the hydrolyzable ligand (X ) of the transition
metal compound forns an anion, such as ([B(C6F5)3(X )]-), which stabilizes
the cationic transition netal species generated by the reaction. The

catal ysts s03n,18¢, 5, 898140%, 8foB6IRN Y5 066519705 2ARNSS, 9B S4 R4 (R124QaBONENt S
whi ch are ionic conpounds or comnpositions. However "preparation of

acti vat or s WiSiRatent AgppheationdierialNe 585389, fiked dlugustco il O8hpllad edidhare hi s

i nventi on. as_an activator conponent in the preparation of
the ionic h%gﬁygﬁcgﬁ(ﬁét%bﬁge FPEt he process of this invention conprise a

cation, which i onipcahlgsabhybeplpaesbeetadtigda tanaidemefal ansfundit prot on,
and a conpati bl e non- cogrdi nating anion which anion is relatively |arge
(bul ky) ,? c &papitwatess sush gp BlG dishgwhich upen eastiqrewith iha fpdrolyrably ligandXoh i s

fornmed whe [oTpanlc) ' ' ' i 4 e
sufficient {65&1112%%1 em?o begéﬁggﬂﬁww %ﬁg?’%ﬁ%c a:'ﬁoﬁ:e@%@g)]yh‘ghwp

acet yl eni catabilizentha caticitiettassithst methlepedes géneemtedimutheatactieni Thelvagsbstssuch as
ethers, nit r'hl esdang t@e like. Tﬁo .%aas.ses of conp. tihl e non-coordinating
ani ons hav&¥h8aAnd RredFpbly A1 iPrePAEA Wiachiyaton pompgsents Winglhare I0MF | shed 1988:
1) f ani oni ¢ c6RPHEHdE Bk cHMPEHARNALAVRS pEPIRLibS bh _ﬁbtﬁfaﬂzlrélﬁﬁllidiﬁ%’n@ftrai i pophilic
radical s covalent]|y coordinated to and shielding a central charge-bearing
netal o0 mEPBPPERIY icdpeconseraplated byithip invemiign-i sing a plurality of boron
atonms such as caf} : erred
embodi ment o Cor o ey skl el RARERPEARGMCANE RO RREAIa B e R © o
conponent , camnlyshegytehs usebingbe ptosesstvy thiheventidnosomygist acatidra whitdh i§ L* * - H) d+
(Ad-)

preferably a Bronsted acid capable of donating a proton, and a compatible non-
coordinating anion which anion is relatively large (bulky), capable of stabilizing the
15 active catalyst species which is formed when the two compounds are combined and
said anion will be sufficiently labile to be displaced by olefinic diolefinic and
acetylenically unsaturated substrates or other neutral Lewis bases such as ethers,
nitriles and the like. Two classes of compatible non-coordinating anions have been
disclosed in EPA 277,003 and EPA 277,004 published 1988: 1) anionic coordination
( 20 complexes comprising a plurality of lipophilic radicals covalently coordinated to and
shielding a central charge-bearing metal or metalloid core, and 2) anions comprising a
plurality of boron atoms such as carboranes, metallacarboranes and boranes.
In a preferred embodiment, the stoichiometric activators include a cation and
an anion component, and may be represented by the following formula:
25 (L*H) (%)
wherein L** is an neutral Lewis base;
H is hydrogen;
(L**-H)" is a Bronsted acid

A% is a non-coordinatin g anion having the charge d-



wherein L** is an neutral Lewis base; His hydrogen; (L**-H)+is a Bronsted
acid Ad_ is a non-coordinating anion having the charge d WO 2005/ 118605

PCT/ EP2004) O6MBE80S 74 d is an integer from1l to 3. The REAVER2O0SHNOSEE3NenNt ,
(L**-H)d+ may include Bronsted acids such as protons or protonated Lew s
bases or reducible Lewi s acids capablﬁwgf protonating or abstracting a

noi ety, such as an alkyl or aryl, fro he precatal yst after alkylation. 5
The activating cation (L**-H)a+ nay be a Bronsted acid, capable of donating
a proton to the alkylated transition netal catalytic precursor resulting in
a transition netal cation, including ammoniuns, oxoniuns, phosphoni uns,
silyliunms, and m xtures thereof, preferably amoni uns of nethyl am ne,
ani | ine, dj ' | et hyl am ne, N-net hyl aniline, diphenyl am ne,
trinethylg%gﬁg?M%gﬁg?ﬁiﬂg%?ne, N, NN 10 di net hyl ani | i ne, nethyl di phenyl am ne,
pyridine, p-br dfte dafidh dompsirtent, gt 4-Hd may inclnde Brdisteddicide tshel @smirbions,

hosphoni f i et hyl phosphi ne, . ti.phenyl ph i ne, and

G pheny piid arpied Fstnblsed oF e DB ariok bR eharaynamERer | i et hy

ether, tetjhabydnghuhdbyaadnds Q%ﬁl'k?lh o i 1 B0 pidcaRlykhaRe bli§ ationSUCh as
|

di ethyl thioethers and tetrahydro ene, and m xtures théreof. The
act i vati nglhescsatingreation (LA may bgladiropgedagidicapsble ot donating p Ipyagen

tropylium r ' fe ni ] . kabl rboni uns and
ferroceniJﬁgga%%@%ggﬁg?%ﬁ%tﬁg%Fggﬁgﬁ%ﬁgguggﬁ%%ﬂﬁﬁ%gp éﬁgﬁgb eClgnponent Ad-

i ncl ude t hagien,iaslhdigg bivenohiinid) bRodiMis, Gholhoniviey silyliumes, hisd miktime eger from 1
to 3; it is an.integer from2-6; n - k =d; Mis_.an_e|lenment 20 selected from
G oup 13 Jherenf prsderablyiammeniwas of methulaming, anilige, fimegtyiag¥ng pbor on or

al um num .S, D I 1 imB e¥d] s -~

di al kyl ani cggt,ﬂy@hﬂlalﬁ, 5’2’?@% e b%&pg?n?(agérggflmhglg%%gg?’by?@%ﬁé@??‘?ﬁt ed
hydr oc#r bydimethalapdinepmithyldiphissylamines gyfidine gabrogio, Nahdimethylaniline, p-

hal osubsti LS SERNNELAS ARG, FRShSns A8k diO)BRbAR:D tO

triphenylphosphine, and diphenylphosphine, oxomiuns from ethers such as dimethyl

ether, diethyl ether, tetrahydrofuran and dioxane, sulfoniums from thioethers, such as
diethyl thioethers and tetrahydrothiophene, and mixtures thereof. The activating

15 cation (L**-H)f may also be a moiety such as silver, tropylium, carbeniums,
ferroceniums and mixtures, preferably carboniums and ferroceniums; most preferably
triphenyl carbonium.

The anion component A% include those having the formula [A**Q,]* wherein

k is an integer from 1 to 3; » is an integer from 2-6; # - k = d; M is an element

20 selected from Group 13 of the Periodic Table of the Elements, preferably boron or
aluminum, and Q is independently a hydride, bridged or unbridged dialkylamido,
halide, alkoxide, aryloxide, hydrocarbyl, substituted hydrocarbyl, halocarbyl,
substituted halocarbyl, and halosubstituted-hydrocarbyl radicals, said Q having up to
20 carbon atoms with the proviso that in not more than one occurrence is Q a halide.

25  Preferably, each Q is a fluorinated hydrocarbyl group having 1 to 20 carbon atoms,
more preferably each Q is a fluorinated aryl group, and most preferably each Q is a
pentafluoryl aryl group. Examples of suitable A% also include diboron compounds as

disclosed in U.S. Pat. No. 5,447,895, which is fully incorporated herein by reference.



20 carbon atonms with the proviso that in not nore than one occurrence is Q a
halide. 25 Preferably, each Qis a fluorinated hydrocarbyl group having 1 to
20 car borWw@t200%11864for e preferably each Qis a fluori nat ePCHREyI00s005653, and
nost preferably each Qis a pentafluoryl aryl group. Exanples of suitable
Ad. al so include di boron conpounds as gi sclosed in U.S. Pat. No. 5,447,895,
which is fully incorporated herein by f2f erence. WO 2005/ 118605

PCT/ EP2005/ 005653 75 Illustrative, but not limting exanples of boron
conpounds which may be wused as an activating cocatalyst in conbination with
a co-activator in the preparation of the inproved catalysts of this
invention are tri-substituted anmmonium salts such as: trinethylamoni um

et raphenyl bor aliustiaii by hATHRLE R HEATYBRN] RRfRRAds Bhich hidydpy! amoni um

t et raphenyl bor ate, tri (n- utyl ) anmoni um t et r aphenyl bor at e,

tri(tert-bws a)sawmhmlmgtc@mtalprﬁenyombmah@ wwmaetpfvstxwmamuth@ pricparation

t et raphenyl rat lL,aani | i l um t hor at.e

NN d et gt Stamroyda e RhBlsRf R imverhfie Flt PREREA APk sots suoh as:
trinethyl ammhymmm@ﬁmKetse(pnem&frht@O&x@m@ﬁﬂﬁhaxh@maé@phwylmrbcﬁl amoni um 10
tetrakis( pent af | uor ophengq )borate, tri 8ro pyl ammonj um

t et r aki sY p&prapyl a@mpam u)aabfrna!l@rat%rtn LR ALErehenylborate,
tetrakis(p um

tetrakis( pﬂ%l g% opheny rglbor b}{)ﬁ\é ?ﬂ_&rﬁe}ﬂ ni {F@P{Sm

tetrakis( peﬂta@hbnmbcﬁpthelﬁw )ibﬂqdamhmmnltbtthpheﬂWbanﬁel NiN-dimetbyl-(2,4,6-

tetraki s(pentafl uoroph orate, N N- thyl-(2,4,6-trinmethylanilinium
tetrakis(p tfhprj[% B‘Eﬂgﬂ%lx%@ﬁflgﬁjgfatetml %ﬁ“ﬁ?vﬁ% um tetrakis-(2,3, 4, 6-
tetraf | uor eqheny llkautmbaiﬁﬁenﬁmoeétwh@ﬁymm&@trakl s-(2,3,4,6-

tetrafl uoropheny )borate tripropyl ammoni umtetrakis-(2, 3,4, 6-

tetraf | Wor &P hewlmorﬁiwﬂwy AW t et r aki s- (2, 3, 4, 6 20

tetrafluorQ (ﬁ%{% I niumtetrakis-(2,3,4,6-

tetrafl uor oﬁgﬁen %n@ug%ogheﬁflﬁ)ﬁg uggetf&%l%%%)%lran{ﬁ{tt rakis-(2, 3,4, 6-

tetrafl uor mepjta&isﬁbe)tltnﬂuat@bewl)ﬁochtetth@sbcahutbrl)athtmmitm rakis-(2, 3,4, 6-
tetrakis(pentafluorophenyl)borate, N,N-dimethylanilinium

tetrakis(pentatluorophenyl)borate, N,N-diethylanilinium

15 tetrakis(pentafluorophenyl)borate, N,N-dimethyl-(2,4,6-trimethylanilinium)
tetrakis(pentafluorophenyl)borate, frimethylammonium tetrakis-(2,3,4,6-
tetrafluorophenyl) borate, triethylammeonium tetrakis-(2,3,4,6-
tetrafluorophenyl)borate, tripropylammonium tetrakis-(2,3,4,6-
tetrafluorophenyl)borate, tri(n-butyl)ammonium tetrakis-(2,3,4,6-

( 20 tetrafluorophenyl)borate, dimethyl(fers-butyl)ammonium tetrakis-(2,3,4,6-
tetrafluorophenyl)borate, N,N-dimethylanilinium tetrakis-(2,3,4,6-
tetrafluorophenyl)borate, N,N-diethylanilinium tetrakis-(2,3,4,6-
tetrafluorophenyl)borate, N,N-dimethyl-(2,4,6-trimethylanilinium) tetrakis-(2,3,4,6-
tetrafluorophenyl)borate, trimethylammonium tetrakis(perfluoronaphthyl)borate,

25  triethylammonium tetrakis(perfluoronaphthyl)borate, tripropylammonium
tetrakis(perfluoronaphthyl)borate, tri(n-butyl}jammonium
tetrakis(perfluoronaphthyl)borate, tri(fert-butyl)ammonium
tetrakis(perfluoronaphthyl)borate, N,N-dimethylanilinium
tetrakis(perfluoronaphthy!borate, N,N-diethylanilinium



tetrafl uorophenyl)borate, NN-dinethyl-(2,4,6-trimethylanilinium
tetrakis-(2,3,4,6 tetrafl uorophenyl)borate, trinethylamoni um

t et r aki sPRREOSUBEOMapht hyl ) borate, 25 tri et hyl anmoni umPCT/EP2005/005653
tetraki s(perfluoronaphthyl)borate, tripropyl amoni um

tetraki s(perfluoronaphthyl)borate, tri(n-butyl)amoni um

t et raki s(perfl uoronapht hyl)borate, t rﬂ%t ert-butyl)amoni um

tetraki s(perfluoronaphthyl)borate, N, N-dinethylanilinium

tetraki s(perfluoronaphthyl)borate, N, N-diethylanilinium W) 2005/118605
PCT/ EP2005/ 005653 76 tetraki s(perfl uoronaphthyl)borate,

NN-di met hyl - (2, 4, 6-trinethylanilinium tetrakis(perfluoronaphthyl)borate,
trimet hyl ' yl annnoni um
t et r aki s(gerfl uor ob| phenyl?gorg%ewﬁ{??eggggigmmﬁlaﬁﬂﬁﬁm

t et raki s( ﬁewﬂmﬁpuﬂbommhylﬁmatwnmﬂw amhesiyin) armoni um

tetrakis( erfI en ert-butyl)amoni um

t et raki s( B‘gtfaf]? g’ﬁ‘é?%lﬁ%?f%?ih "hy]lﬂéﬂgf%?rﬁyl ani | i ni um

t et raki S(R%ﬂé#péﬂhbﬁ'ﬂ%&ﬁ)glgﬂﬂ&% pidpNafin@iniyhani | i ni um

tetraki s(perfl uoraobi phenyl ate di met hyl - (2,4, 6-trinmethylanilinium

10 tet rakitg %‘é‘i@%ﬂ@ﬁ@blﬂbﬁ@‘l)hofﬁgrtaﬁéb“tﬂBWHWmmn| um t et raki s(3, 5-
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15 bis(irifluoromethyl)phenyl)borate, N,N-dimethylanilinium tetrakis(3,5-
bis(trifluoromethyl)phenyl)borate, N,N-diethylanilinium tetrakis(3,5-
bis(trifluoromethyl)phenyl)borate, N,N-dimethyl-(2,4,6-trimethylanilinium)
tetrakis(3,5-bis(trifluoromethyl)phenyl)borate, and dialkyl ammonium salts such as:
di-(iso-propyl)ammonium tetrakis(pentafluorophenyl)borate, and

20 dicyclohexylammonium tetrakis(pentafluorophenyl)borate; and other salts such as
tri(o-tolyl)phosphonium tetrakis(pentafluorophenyl)borate, tri(2,6-
dimethylphenyl)phosphonium tetrakis(pentafiuorophenyl)borate, tropillium
tetraphenylborate, triphenylcarbenium tetraphenylborate, triphenylphosphonium
tetraphenylborate, triethylsilylium tetraphenylborate,

25 benzene(diazonium)tetraphenylborate, tropiilium tetrakis(pentafiuorophenyl)borate,
triphenylcarbenium tetrakis(pentafluorophenyl)borate, triphenylphosphonium
tetrakis(pentafluorophenyl)borate, triethylsitylium tetrakis(pentafluorophenyl)borate,
benzene(diazonium) tetrakis(pentafluorophenyl)borate, tropillium tetrakis-(2,3,4,6-
tetrafluorophenyl)borate, triphenylcarbenium tetrakis-(2,3,4,6-
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15 bis(trifluoromethyl)phenyl)borate, and benzene(diazonium) tetrakis(3,5-

bis(trifluoromethyl)phenyl)borate.

Most preferably, the ionic stoichiometric activator (L¥*-H)" 4%y is N,N-
dimethylanilinium tetrakis(perfluorophenyl)borate, N,N-dimethylanilinium
tetrakis(perfluoronaphthyl)borate, N,N-dimethylanilinium

( 20 tetrakis(perfluorobiphenyl)borate, N,N-dimethylanilinium tetrakis(3,5-
bis(trifluvoromethyl)phenyl)borate, triphenylcarbenium
tetrakis(perfluoronaphthyl)borate, triphenylcarbenium
tetrakis(perfluorobiphenyl)borate, triphenylcarbenium tetrakis(3,5-
bis(trifluoromethyl)phenyl)borate, or triphenylcarbenium

25 tefra(perfluorophenyl)borate.

Invention catalyst precursors can also be activated with cocatalysts or

activators that comprise non-coordinating anions containing metalloid-free

cyclopentadienide ions. These are described in U.S. Patent Publication
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tetra(perfl uorophenyl)borate. Invention catalyst precursors can al so be
activated with cocatal ysts or activators that conprise non-coordinating
anions containing netalloid-free cyclopentadienide ions. These are
described in U S. Patent Publication WO 2005/118605 PCT/ EP20051005653 78
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compatible, stabilize the transition metal complex cation in the sense of balancing its
ionic charge at +1, yet retain sufficient lability to permit displacement by an
ethylenically or acetylenically unsaturated monomer during polymerization. These
15  types of cocatalysts sometimes use scavengers such as but not limited to tri-iso-butyl
aluminum, tri-n-octyl aluminum, tri-r-hexyl aluminum, triethylaluminum or
trimethylaluminum.
Invention process also can employ cocatalyst compounds or activator
compounds that are initially neutral Lewis acids but form a cationic metal complex
20 and a noncoordinating anion, or a zwitterionic complex upon reaction with the
alkylated transition metal compounds. The alkylated invention compound is formed
from the reaction of the catalyst pre-cursor and the co-activator. For example,
tris(pentafluorophenyl) boron or aluminum act to abstract a hydrocarbyl ligand to
yield an invention cationic transition metal complex and stabilizing noncoordinating
25  anion, see EP-A-0 427 697 and EP-A-0 520 732 for illustrations of analogous Group-
4 metallocene compounds. Also, see the methods and compounds of EP-A-( 495

375. For formation of zwitterionic complexes using analogous Group 4 compounds,
see U.S. Patents 5,624,878; 5,486,632; and 5,527,929.
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al um num act to abstract a hydrocarbyl ligand to vyield an invention
cationic transition netal conplex and stabilizing noncoordinating 25 anion,
see EP-A-O 427 697 and EP-A-0 520 732 for illustrations of anal ogous G oup-

4 netall ocene conpounds. Al so, see the nethods and conpounds of EP-A-0 495
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Processes, d r -Activity Rel ationships", Cheri. Rev., 5 100,

1391- 14§4 69@0@? lg‘fﬁ%&rﬁﬁﬂﬁ cations of noncoordi nating anion precursors are
Bronst ed agyils, th4&dioas of 1%959:@%1&9{1 PGk Bfé@ﬁﬁgrsla%r%n%éﬁeﬁda( §xglaydi ng water),
or reduci ble Lewi s acids such %errocenl umor silver cations, or alkali

or al kali nércé@mdm pntﬁpmtecbbW@hsses (whluding wasen, oratduside melsmra@ﬂemhum or

L B ARl YR BAFG LR, S dr il he URLARCLPLLB.IT, APulS, any
ratio. |na FOns o eacr hed afrvaror npoun s nmay a be used
fof acti vabfgnumrﬁwﬁﬂgraﬁiunmﬂahxem ﬂﬁmhfab,lst-ﬁﬁeemmmmtmatcr m]tat mb@may s used,
the cataly ¥precursor to- actl%ator nol ar, ratio is from 1; 1% :1; 1:10
to 10: 11 1 ien witio. {ompinagions ¢f the descrihed acgvatgr eompoungds may also C“%’d 1: 1:2 to

101120rt3gt123t10;l112t03112t05113t015121 1:3to
10:1; 1:3 to 2: 1:3 to 3:1; 1:3 to 5:1; 1:5to 1:1; 1:5to 10:1; 1:5 to
2:1; 1:5to 3: Wheg_l ag ipnic §r geutml SIOI[GbIOIIth‘ICZaCHTﬂ@T is used, the catalysi-

catal yst- PLARCHES Ol 4R+ E0: Gk YalAs #IR! Blo f:1P1:10 to 10:1; 1:10 to 2:1; 1:10
to 3:1; 1:10 to 5:1; 1:2 to 1.2:1; 1:2 t0 10:1; 1:2 10 2:1; 1:2 to 3:1; 1:2t0 5:1; 1:3 1o
15 1.2:1;1:3t010:1; 1:3t02:1; 1:3 to 3:1; 1:3t0 5:1; 1:5to 1:1; 1:5 to 10:1; 1:5 to 2:1;
1:5 to 3:1; 1:5 to 5:1; 1:1 to 1:1.2. The catalyst-precursor-to-co-activator molar ratio
is from 1:100 to 100:1; 1:75 to 75:1; 1:50 to 50:1; 1:25to 25:1; 1:15 to 15:1; 1:10 to
10:1; 1:5t0 5:1, 1:2 to 2:1; 1:100 to 1:1; 1:75 to 1:1; 1:50 to 1:1; 1:25 to 1:1; 1:15to
1:1; 1:10to 1:1; 1:5 to 1:1; 1:2 to 1:1; 1:10 to 2:1.

( 20 Preferred activators and activator/co-activator combinations include
methylalumoxane, modified methylalumoxane, mixtures of methylalumoxane with
dimethylanilinium tetrakis(pentafluorophenyl)borate or tris(pentafluorophenyl)boron,
and mixtures of trimethyl aluminum with dimethylanilinium
tetrakis(pentafluorophenyl)borate or tris(pentafluorophenyl)boron

25 In some embodiments, scavenging compounds are used with stoichiometric
activators. Typical aluminum or boron alkyl components useful as scavengers are
represented by the general formula R*JZ, where J is aluminum or boron, R* is as
previously defined above, and each Z is independently R or a different univalent

anionic ligand such as halogen (Cl, Br, I), alkoxide (OR") and the like. Most



Is from1:100 to 100:1; 1:75 to 75:1; 1:50 to 50:1; 1:25 to 25:1; 1:15 to
15:1; 1:10 to 10:1; 1:5to 5:1, 1:2 to 2:1; 1:100 to 1:1; 1:75 to 1:1; 1:50
to 1:1; WORHOHHI8ES: 1:15 to 1:1; 1:10 to 1:1; 1:5 to PCIEPROUBOP553: 1; 1:10
to 2:1. 20 Preferred activators and activator/co-activator conbi nations
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precur sor SURRQORATINCATAL ¥SESy preparation of supported catal ysts. To

prepare unt f of ySUDRAFPEr HOLAION YAl HSeRRbRRNSYs RESELIARY probBafibe! of abl ¥

di ssolves in the ¢ ven rm-uni orm su means
that the mﬁmqﬁmmbdnﬁm@umSdem$heuﬁﬁbmwampbnahdndya$hhe&ﬂﬂyﬁﬁtﬁﬂnﬂmtaIyst

approach unjf . n upon the,s ] accessi ur,face area,
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enbodi nents show no such preference. 15 |nvention supported catal yst systens

may be pr apipey disiribagion Hperhibg support's accessible surface area, including the interior
pore surfaces of porous supports. Some embodiments of supported catalysts prefer

uniform supported catalysts; other embodiments show no such preference.

15 Invention supported catalyst systems may be prepared by any method
effective to support other coordination catalyst systems, effective meaning that the
catalyst so prepared can be used for oligomerizing or polymerizing olefin in a
heterogenous process. The catalyst precursor, activator, co-activator if needed,
suitable solvent, and support may be added in any order or simultaneously.

20 By one method, the activator, dissolved in an appropriate solvent such as
toluene may be stirred with the support material for 1 minute to 10 hours. The total
solution volume may be greater than the pore volume of the support, but some
embodiments limit the total solution volume below that needed to form a gel or slurry
(about 90% to 400 %, preferably about 100-200% of the pore volume). The mixture

25  is optionally heated from 30-200 °C during this time. The catalyst precursor may be
added to this mixture as a solid, if a suitable solvent is employed in the previous step,
or as a solution. Or altematively, this mixture can be filtered, and the resulting solid
mixed with a catalyst precursor solution. Similarly, the mixture may be vacuum dried

and mixed with a catalyst precursor solution. The resulting catalyst mixture is then
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typi cal iy atmpaatoresratre pesgiper at ure and over 10-16 hours. But greater or
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period of about 1 minute to 10 hours. The resulting precatalyst mixture may be

15 filtered from the solution and dried under vacuum, or evaporation alone removes the
solvent. The total, catalyst-precursor-solution volume may be greater than the
support's pore volume, but some embodiments limit the total solution volume below
that needed to form a gel or shurry (about 90% to 400 %, preferably about 100-200%
of the pore volume).

( 20 Additionally, two or more different catalyst precursors may be placed on the
same support using any of the support methods disclosed above. Likewise, two or
more activators or an activator and co-activator may be placed on the same support.

Suitable solid particle supports are typically comprised of polymeric or
refractory oxide materials, each being preferably porous. Any support material that

25 has an average particle size greater than 10 pm is suitable for use in this invention.
Various embodiments select a porous support material, such as for example, talc,
inorganic oxides, inorganic chlorides, for example magnesium chloride and resinous
support materials such as polystyrene polyolefin or polymeric compounds or any

other organic support material and the like. Some embodiments select inorganic



period of about 1 minute to 10 hours. The resulting precatal yst m xture may
be 15 filtered fromthe solution and dried under vacuum or evaporation

al one r ewno\v2085/118605 sol vent. The total, catal yst-precur secTaphessioosssyol une
may be greater than the support's pore volune, but some enbodinments limt
the total solution volume below that needed to forma gel or slurry (about
90% to 400 % preferably about 100- 208% of the pore vol une). 20
Additionally, two or nore different catal yst precursors nay be placed on the
sanme support using any of the support nethods disclosed above. Likew se, two
or nore activators or an activator and co-activator may be placed on the
sane support. Suitable solid particle supports are typically conprised of

pol ymeric : | dEmiBL A _behn eferab ous. Any
support n%?? {edreing"ﬁ%ﬂ%%%ﬁ%gs an a@g%@%?r?@&c?’ebsgzgg ’gi%é’? eir%inﬁ‘%n 10 mis
sui t abl e fopmetrloid oxitids, SSompatddimentd/saldcd tiee catdbys suppotianatetisleto a por ous

support materjal, such_ as for exanple, talc, inorganjic oxides, inorganic
chlori des,m‘ﬁ‘éﬁ‘e %ﬂ%‘f‘@“%éﬂ’@%‘l“‘ﬁ'\'ﬂ‘gﬁ%ﬁ Ftlfér IHWF%S{)%SE?W%W@SSHM erials
such as p%aéfs};}ﬁfeedi“ﬁgp}?lﬁﬁé&c}»ﬁﬁ'cﬂmﬁfnaﬁ&w &ﬁ&siﬁ&ﬂ&ﬁ%ig%to?Eili%Q-‘élunﬁlhé‘.\eA;) organi ¢

support matérial an like. Sone enbodi nents sel I norgani c

2005/ 11860hefRGEE BRZ0CH, MBESE Zirc@da,and dhe 1wt dremas acidic madteriduppbras nat eri al

i ncluding G oup-2, .-3, -4,..-5, -13 r -14 netal r t al | oi,d oxi des. Sone
enbod menEERBbURonad g IaYe kY S0 g R SAPROTE o T PTSs | | ca.

al um na, Sippdicanl opfibidly daBle 3ahd adfivitotlé@fiporfehh But bddifig@) astivxdrdes  may
serve either alone or in conmbination with t%e silica, alumna, or

si | i ca- al awaYise B2 wsdse are magnesia, titania, zirconia, and the like. Lew s
acidic materi al qhg&p | | M al so serve
as a support. IT?ile? mb@?g@t Béstﬂsggdrt%&cg%oﬁﬂéﬁgﬁﬁh?ggb e as the

acti vator ezamplenmotganiBuixided ciay twralcired; ¢heaticaily tramjedavistoddhedusethtinghe support

material may be pretreated an upper of .nethods. For 10 exanpl e,
i nor gani c ag%ftﬂ%‘?gr?ﬁ?{“&émﬂgla%ﬁ%ﬁ?/d tgﬁgﬁ‘?’é’_égf’&l}“ treated with dehydroxyl ating
agents such as s stbdatvve) polseddhriieie wili KRo bekuldin accordance with

the invention, see for example the descriptions in WO 95/15815 and U.S. patent

5,427,991. The methods disclosed may be used with the catalyst complexes,

15 activators or catalyst systems of this invention to adsorb or absorb them on the

. polymeric supports, particularly if made up of porous particles, or may be chemically
bound through functional groups bound to or in the polymer chains.
Invention catalyst carriers may have a surface area of from 10-700 m%/g, a

pore volume of 0.1-4.0 cc/g and an average particle size of 10-500 pm. Some

20  embodiments select a surface area of 50-500 m%/g, a pore volume of 0.5-3.5 cc/g, or
an average particle size of 20-200 pm. Other embodiments select a surface area of
100-400 m*/g, a pore volume of 0.8-3.0 cc/g, and an average particle size of 30-100
um. Invention carriers typically have a pore size of 10-1000 Angstroms, alternatively
50-500 Angstroms, or 75-350 Angstroms.

25 Invention catalysts are generally deposited on the support at a loading level of
10-100 micromoles of catalyst precursor pér gram of solid support; alternately 20-80
micromoles of catalyst precursor per gram of solid support; or 40-60 micromoles of

catalyst precursor per gram of support. But greater or lesser values may be used



As stated above, polyneric carriers will also be suitable in accordance with
the invention, see for exanple the descriptions in WD 95/15815 and U. S.
patent Swé2i0p90Bs0osThe met hods di scl osed may be used wi tpct/Rpr066bakasst

conpl exes, 1s activators or catal yst systens of this invention to adsorb or
absorb themon the polyneric supports, particularly if nade up of porous
particles, or may be chemically bound8¥hrough functional groups bound to or
in the polynmer chains. Invention catalyst carriers nay have a surface area
of from 10-700 n2/g, a pore volunme of 0.1-4.0 cc/g and an average particle
size of 10-500 m Some 20 enbodi nents sel ect a surface area of 50-500 n2/g,
a pore volune of 0.5-3.5 cc/g, or an average particle size of 20-200 m

5 8o% Moot RELEmAEhE bhal AnBHA] A3BAL AR HprochPiy 408 TR efoced B0 © VOl e OF

0.8-3.0 cc nd an average partircle srz Stion carriers
typically mapp)réspmeeolsmae of 10 1000 Angstrons, al ter natively 50-500
Angstrons, or - 350 Angtgt rons.. 25 I nvention catal yst s are generally

deposi ted on th HWH%FQ Lysts gan begipRgrisdips pasphase,din AREYonl es of

catal yst prRshSohieor Shamisd asSRbid Wﬂ%ﬁss &ﬁm@ﬁ gxre%&o%fo cronol es

of catal yst® precursor per gramof solid suppor or 40- m cronol es of

cat al yst5 preetiystsan thperl ﬁg’rmtymfanmmppcam parButlargr damexamracheasépataflakts;es may be
used WO 200 /118605 PCT, EP200 00 653 rovi‘edgl% t hat ltkﬁ tgt al, amount of
sol i d cat ald/<e PrERIFTEY 1“"o}B‘é"él ABE °BR, %%Bmtc Gplob FEPlBor & Vi,

I nventi on cdsl 47Stsd 6@@7 h&o smmaﬁlmé off@ﬁ%@ﬁ%d RIS eatalPitt kppears i WO Y

pol yrrerlzatlon or ot herw se as uner ous support nmet hods are known

for 5 cat A¥056i H-S Ratewt %ﬂ?’ng"ﬂdmﬁiﬁé{ﬂ Yde43d RAdlesoribsarmariianlahn y
| .
al imoxane- agkLyal Eé’tg&@tﬁ?yﬁir"kt a;t ngﬁ-l'p;% %1’,35%. gl.s’ihéﬁﬁ’é ﬁwfnﬁfon‘sgg@pc&—[}g yon-s

br oadest practice at ent s 5, 227, 440.
An exanpt e compbuxppantiveidd mothi dumatamk pai be wpém@hylmeﬂ@opﬁdﬁﬁﬁﬁﬁﬁ asU. S. Pat ent

or sl urry APEEL U BieR ST AR eSOt o Bt RS B e |
activated vhikBn@hHoPXaRRys% avstdifs. USEH pbBinedd 4 ino@att @ﬁwt-@ﬁﬁyrsetbb g¢ as
supports, as is known in the art. See U.S. Patents 5,422,325, 5,427,991, 5,498,582
and 5,466,649, and intermnational publications WO 93/11172 and WO 94/07928.
15
MONOMERS

In a preferred embodiment the catalyst compounds of this invention are used

to polymerize or oligomerize any unsaturated monomer or monomers. Preferred
monomers include C; to C)gg olefins, preferably C, to Cgp olefins, preferably C; to Cyg
( 20  olefins preferably C; to Cyy olefins, preferably C; to Cy; olefins. In some
embodiments preferred monomers include linear, branched or cyclic alpha-olefins,
preferably C, to Cigp alpha-olefins, preferably C; to Cep alpha-olefins, preferably C,
to Cyo alpha-olefins preferably C, to Cy alpha-olefins, preferably C, to C;; alpha-
olefins. Preferred olefin monomers may be one or more of ethylene, propylene,
25  butene, pentene, hexene, heptene, octene, nonene, decene, dodecene, 4-
methylpentene-1, 3-methylpentene-1, 3,5,5-trimethylhexene-1, and 5-ethylnonene-1.
In another embodiment the polymer produced herein is a copolymer of one or
more linear or branched C; to Csp prochiral alpha-olefins or Cs to Cjp ring containing

olefing or combinations thereof capable of being polymerized by either stereospecific



described in U S. Patents 5,001, 205 and 5, 229,478. Additionally, those
processes suit this invention's catal yst systens. Both pol yners and

i nor gani wonsiemseemy serve as supports, as is known in gdigemidsnoses U S.
Patents 5,422,325, 5,427,991, 5,498,582 and 5, 466,649, and international
publications WO 93/11172 and WD 94/07928. 15 MONOVERS 1In a preferred
enbodi nent the catal yst conpounds of Bhis invention are used to pol yneri ze
or oligonerize any unsaturated nonomer or nononers. Preferred nononers
include C2 to C100 olefins, preferably C2 to C60 olefins, preferably C2 to
C40 20 olefins preferably C2 to C20 olefins, preferably C2 to Cl2 ol efins.
In sone enbodi nents preferred nononers include |inear, branched or cyclic

| pha- ol ef ] | I f i f | C60
21 pha- of ofh Bor sPEERERR sklsoed Brielin SRR o By BEBDRHRTS Mot ' o
al pha- ol effaves thepfoarhaicndNisotibtic or Shididthqiegolwhefwing pométicd @singl ef i n

nononmers nmay be one or. npre of ethyl ene, propylene, 25 butene, pentene,
hexene, héfstosRecificeatdlest(Ghonene, decene, dodecene, 4- methyl pent ene- 1,

3-net hyl pent en?"réffatrgd élcgérhtﬁ.b Hﬁgrﬂ#ohﬂaﬁﬂ@érgjmaﬁ@%gﬁf _%Mél?ﬂ%%%bﬁ'rers I n anot her

enbodi nent the polynmer produce erein1s a co mer ne or nore |inear
or br arfc hedntaiRingupGs Opedoniatats. Huthble@rahatisgronp-ContainingIonémerscont ai ni ng

ol efins or_conbinations thereof capable. of. bein | ynerized by either

st er eos pec???‘??ﬁ/ﬁ%q%g@}elaf%ﬁ%c W&E@?@%@WB@S@%%@%’ é‘ﬁ"&?’ W8FE st er eospecific
cat al yst s prdf&@6li o pHenyl2mdeSR HRERT Nor ne B SmbRtyTOTY RéSatidgloupf avor the
formati on of isotactic or syndiotactic polymer when polynerized using

st er eos pe&pitpiningmangaerfurther pprprves @l lepyrragpelymatizable sgubla bppdisuch

aromati c- = C | R r el at ons.

Sui t abl e g‘%ﬁ#ﬁ?ﬁ@%ﬁ%@ﬁﬂ%&ﬁgﬁﬁﬁ%f @ﬁgﬁg&gh%&'ﬁn&@gggﬁﬁ? gg‘?ﬁggne aromatic
st ructur e bagkbeher @l sromiaticrgmug containigieonomerempy Birthentx subatitptedrwith i ndenyl

L vorenyl et RSB A ) L, TR LSRG SpLSHR oot aLl g Tororer
Additionally two adjacent substitutions may be joined to form a ring structure.
Preferred aromatic-group-containing monomers contain at least one aromatic
structure appended to a polymerizable olefinic moiety. Particularly preferred

15 aromatic monomers include styrene, alpha-methylstyrene, para-alkylstyrenes,
vinyltoluenes, vinylnaphthalene, allyl benzene, and indene, especially styrene, para-
methylstyrene, 4-phenyl-1-butene and allyl benzene.

Non aromatic cyclic group containing monomers are also preferred. These
monomers can contain up to 30 carbon atoms. Suitable non-aromatic cyclic group

20 containing monomers preferably have at least one polymerizable olefinic group that is
either pendant on the cyclic structure or is part of the cyclic structure. The cyclic
structure may also be further substituted by one or more hydrocarbyl groups such as,
but not limited to, C; to C,p alkyl groups. Preferred non-aromatic cyclic group
containing monomers include vinylcyclohexane, vinylcyclohexene, cyclopentadiene,

25 cyclopentene, 4-methylcyclopentene, cyclohexene, 4-methylcyclohexene,
cyclobutene, vinyladamantane, norbornene, 5-methylnorbornene, 5-ethylnorbornene,
S-propylnorbornene, 5-butylylnorbornene, 5-pentylnorbornene, 5-hexylnorbornene,

5-heptylnorbomene, 5-octylnorbornene, 5-nonylnorbornene, 5-decylnorbornene, 5-



that after polynerization, the aromatic structure will be pendant fromthe
pol ymer 10 backbone. The aronmatic-group contai ning nononer may further be
substi t ut W@ 209¥H868ne or nore hydrocarbyl groups incl udi PGI/BR00FHBAS65F i t ed
to Cl to CO alkyl groups. Additionally two adjacent substitutions may be
joined to forma ring structure. Prefggred aromat i c- gr oup- cont ai ni ng
nononers contain at | east one aromatic ~“structure appended to a

pol ynmeri zabl e ol efinic noiety. Particularly preferred 15 aronmatic nonomers
i ncl ude styrene, al pha-nethylstyrene, para-al kyl styrenes, vinyltol uenes,
vi nyl napht hal ene, allyl benzene, and indene, especially styrene, para-

net hyl styrene, 4-phenyl- | -butene and allyl benzene. Non aromatic cyclic
group cont phenyhgorbOMENd vinydi@bemenk, phehidine edrbofitas s, 6 danehpnshoaiene,ont ai n up
to 30 carbon a1 gﬁ Sui t abl e non-aronatic cyclic group 20 containing
mononer s préf %Prm@’ea%ndlthégl‘e one pol ymerizable olefinic group that is
ei ther pendant ucture.
The cyclic st r(g?:%%l?gd %& ﬁgqg?)ﬁo[)nlé&% g%et i ﬂié‘i gfgrlﬁ%oll}? é&ﬁ(ﬁlﬁm@%@aﬁ)}?e

hydr ocar by lstrgetongpprefaratily &% to Gayhaviog at least tvadurisatura@dd bmdﬁbpheaémw legstoups.

Preferred non-ar.o t|c c | i r nt ai ni nono e

vi nyl cycfot?é‘ﬁafm ﬁﬂ éﬁﬁ'ﬁ b(?f} %ﬁé%pagf%ﬂgmn%%‘fﬁ%TB eMfene,
4- et hyl CYQJy%ﬂEé}‘faeﬂ&eo@)é&h@ f@ﬁé%@ﬁaste{’edgﬁéckﬁ/d &am&s@ﬂa}ém Refurth&pbeREd ene,
vi nyl adamant ane, nor bonene, met hyl nor bonene, " 5- et hyl nor bor nene,

5- pr opyl noﬂb%ﬁh?éh@leﬁanmmweyq bﬂﬁelf@wérf@m goheampendiend meapmers (i.e. di-

5- hexyl nor | nor bonene,
5-decyl nor m%%P°?%ﬁ% %%%i%%ﬁﬂ?&g@d%@b%%%%qﬁgg yI nor bonene,
vi hyl nor bommenmers ivgt préfensh]n drobe careaining Brod: 4 ko bmbmoatbmgeﬁeamples of
56d|butyln bopene an e Preferr |oI rmno rs useful in
Phis i b Gl Erts Al Ryt PautHice Petisnt NepPAREP e to C30.
having at |Ragtiede\@eddBRAb UnatadicReNddecaiar Qhﬂecﬁﬁlehgaét}adeéa@d?@; typically
two, of the unsaturated bonds are readlly incorporated into a polyner by

ei ther a streptadrspdiens.ihexalecedionsnbantadesplignec petadecedieng panadsyadiaue, j s furt her
preferred IEJAQ&I?IWEeI{JéuSHs&&bﬁb ABORARES:, R osiliGh! £8aldsefik, Pha- omega- di ene

nononer s

pentacosadlene hexacosadiene, heptacosadiene, octacosadiene, nonacosadiene,

15 triacontadiene, particularly preferred dienes include 1,6-heptadiene, 1,7-octadiene,
1,8-nonadiene, 1,9-decadiene, 1,10-undecadiene, 1,11-dodecadiene, 1,12-
tridecadiene, 1,13-tetradecadiene, and low molecular weight polybutadienes (Mw less
than 1000 g/mol). Preferred cyclic dienes include cyclopentadiene, vinylnorbornene,
notrbornadiene, ecthylidene norbornene, divinylbenzene, dicyclopentadiene or higher

[ 20 ring containing diolefins with or without substituents at various ring positions.

Non-limiting examples of preferred polar unsaturated monomers useful in this
invention include nitro substituted monomers including 6-nitro-1-hexene; amine
substituted monomers including N-methylallylamine, N-allylcyclopentylamine, and
N-allyl-hexylamine; ketone substituted monomers including methyl vinyl ketone,

25  ethyl vinyl ketone, and 5-hexen-2-one; aldehyde substituted monomers including
acrolein, 2,2-dimethyl-4-pentenal, undecylenic aldehyde, and 2,4-dimethyl-2,6-
heptadienal; alcohol substituted monomers including allyl alcohol, 7-octen-1-ol, 7-
octene-1,2-diol, 10-undecen-1-o0l, 10-undecene-1,2-diol, 2-methyl-3-buten-1-oi;

acetal, epoxide and or ether substituted monomers including 4-hex-5-enyl-2,2-



vinyl nononers). Mrre preferably, the diolefin nononers are |linear di-vinyl
nononers, nost preferably those containing from4 to 30 carbon atons.
Exanpl esWeF 200811868 erred di enes i ncl ude but adi ene, pent RETERIOSO5Edi ene,
hept adi ene, octadi ene, nonadi ene, decadi ene, undecadi ene, dodecadi ene,
tridecadi ene, tetradecadi ene, pentadggadi ene, hexadecadi ene,

hept adecadi ene, octadecadi ene, nonadecadi ene, i cosadi ene, henei cosadi ene, -
docosadi ene, tricosadi ene, tetracosadi ene, pentacosadi ene, hexacosadi ene,
hept acosadi ene, octacosadi ene, nonacosadi ene, 15 triacontadi ene,
particularly preferred dienes include 1, 6-heptadi ene, 1,7-octadiene,

1, 8- nonadi ene, 1, 9-decadi ene, 1, 10-undecadi ene, 1, 11-dodecadi ene, 1, 12-

tri decadi eimethil-liBJdivkode 52l dimethyhadohienyd] B8 ldiatol s gdibleprol ybut adi enes

(Mwv | ess han 1000.qg/nol). Preferr cyclic di enes include cycl gpent adi ene,
vi nyl nor bdﬁ‘ﬁ@ﬁ@fﬂcc%%ﬂ&dfggﬂiwy ﬁgﬁpﬂéﬁgfoﬁﬁﬁnﬁdﬁ “@H_%’,‘Y'aTd_\‘?FW+ bgh_zene,
di cycl openg,gey.enRx@le, anﬁﬁiﬁﬁ—ﬁ@ingloﬁﬂaﬁé? ahﬁ:\%%@ﬁ}canf&r,ei,s.ra%g)rg%cffﬁma,r W thout

substituents at various ri'ng poSitions. mting ex es of preferred
pol ar unsaydhoperdeh-imme ptiylene kefal)| 1 1imethdigmdénl-ent.iand S-methosigochil tene;

substi tut ed noner.s includi ng .6-nitro-1.- ene;. amn u i futed nononers
ol udi‘hg SREFRATE gTapngE MR e A api i tr alhited

N-al |yl - hexododBrRiclud RioQRE TR WBRE, inla@6kid M@ MBS shtdnided atsld, P-aRidiHi-4¢i ny|
ketone, 25 ethyl vinyl "ketone, and’5-hexen-2-one; al dehyde substituted
nononer s inggienaicagid, brbepiedin acid, trangi ybprnipdigngie asidndhb-hepiadisagic epide al dehyde,

and 2, 4-di VAR - ' ¥ L i . hcl udi ng

al lyl al cohol™, ]3%%[ ’eeﬁ@ﬁ;g %ﬁ%ﬂt%'? E’I(SCP @g%%keﬁgﬁl ﬁl,ag%ggn@ggéﬁf%‘%@

10- undecennrethylanethairyla; eRyinyitthderplatee rers-butyhinetha@ghateg bi-bugydoxi de and or et her
substituted naonmer s j ncl udi g 4-hex-5:en%g-2,2 2005/1%8605 .

PCT/ EPYD 0 5mes ate, @fylpéqu@ grpzht%]agﬁt% qfé-,”/—ezy ester, non-8-enoic acid

di et hyl - 45 4N1-eBref MY tid akiBlitieeNOL @ Lest@CaR 81N -endid IO IRE &k&@] , but adi ene
monoxi de, 1, 2-epoxy-7-octene, 1,2-epox¥-9-Qecene, 1, 2- epoxy-5- hexene,
2- et hy| - Prepienit esid uades-1Greny} lesigh.ofiery | 1-endie poid 2ty gstery andf ur an, 2-
cycl opent en- .14- A - | - &
8-nethoxyg@Py?ﬁgﬁ%?&gyéﬁaﬁﬁfg%g%%%%%? d&ﬁgﬁ%ﬂggg&P%% u 9%5% |1yl disulfide;
acid and ddinethybub3tenylokedilane, and trimethylundec-10-enyloxy silane, polar
15 functionalized norbornene monomers includiﬁg 5-norbomene-2-carbonitrile, 5-
norbornene-2-carboxaldehyde, 5-norbomene-2-carboxylic acid, cis-5-norbormene-
endo-2,3-dicarboxylic acid, 5-norbornene-2,2,-dimethanol, cis-5-norbornene-endo-
2,3-dicarboxylic anhydride, 5-norbornene-2-endo-3-endo-dimethanol, 5-norbornene-
2-endo-3-exo-dimethanol, 5-norbornene-2-methanol, 5-norbornene-2-ol, 5-
20 norbornene-2-yl acetate, 1-[2-(5-norbomene-2-yl)ethyl]-3,5,7,9,11,13,15-

1717 1"B1octasiloxane, 2-benzoyl-5-

heptacyclopentylpentacyclo[9.5.1.1**
norbornene, 2-acetyl-5-norbornene, 7-syn methoxymethyl-5-norbormen-2-one, 5-
norbornen-2-ol, and 5-norboren-2-yloxy-trimethylsilane, and partially fluorinated
monomers including nonafluoro-1-hexene, allyl-1,1,2,2,-tetrafluoroethyl ether,

25 2,2,3,3-tetrafluoro-non-8-enoic acid ethyl ester, 1,1,2,2-tetrafluoro-2-(1,1,2,2-
tetrafluoro-oct-7-enyloxy)-ethanesulfonyl fluoride, acrylic acid
2,2,3,3,44,5,5,6,6,7,7,8,8,8-pentadecafluoro-octyl ester, and 1,1,2,2-tetrafluoro-2-

(1,1,2,2,3,3,4 4-octafluoro-dec-9-enyloxy)-ethanesulfonyl fluoride.



mononers including acrylic acid, vinylacetic acid, 4-pentenoic acid,
2,2-dimethyl -4- pentenoic acid, 6-heptenoic acid, trans-2,4-pentadienoic

acid, 2, Gwoepbsitisensoi ¢ acid, nethyl acrylate, ethyl acryépepiookfdskssout vl
acrylate, n-butyl acrylate, nethacrylic acid, nethyl nethacrylate, ethyl

met hacryl ate, tert-butyl nethacrylate, n-butyl 10 nethacryl ate,

hydr oxypropyl acrylate, acetic acid oc®Z7-enyl ester, non-8-enoic acid

met hyl ester, acetic acid undec-10-enyl ester, dodec-|1-enoic acid nethyl
ester, propionic acid undec-10-enyl ester, dodec-1l-enoic acid ethyl ester,
and nonyl phenoxypol yet heroxy acryl ate; siloxy containing nononmers including
trinmethyl oct-7- enyloxy silane, and trinethylundec-10-enyl oxy silane, polar

15 Tunct ! ofal 8L ABCRORNE APRANELCLORLNAEAS, 500 BYENE: SR SALAGR (111 e

5- nor bonene car oxa nor L 5%
ci s-5-nor bofrm;eofthadmnamarsdistearabowlHrefeaeddhg&nét@ﬁmmmtgamers-cmaﬁ?t hanol ,

ci s-5-norb ne- endo- 2, 3- dlcarboxyllc anh

5- nor bomangrgo émfge@seﬁ%ﬁéhlh& fuGiz alpha- ﬂBﬁ%ﬁ’é’ﬁ@w@f@Hﬂ%‘l@% di et hanol ,
5- nor bonen r bar. tate,
112 (5 nor BaRAREE S one HrYMIAGTEAG: fubhe o1y ol PRIRERRe IS

hept acydl oferthy bhsmaizptidopocss is ths aphiblds, sfhaBhecBasithardpte;oléfitsenzoyl -

nor bor nene nor bome 7-5S thox rbor nen- 2- one, 5-
ot borren. 5 stdige btaiop Bn B P aB P PRt ST RS RN AORSPT | a 1y

f1 uori nat edombniea RBfhSethyl&ley dlréfgnétpﬁlgﬁi YRKAs frch@sene C, & Czﬁla%pha,oleﬁn
1,2,2,-tetrafl uoroethyl ether, 25 2,2, 3, 3-tetrafl uoro-non-8-enoic acid ethyl

ester, 1, 1pefemblytand (e e anhppolafin Pziferably any C; to Cy2 alpha-olefin,

B i e

1, 1, 2, 210t eturalfinulbe proResses described herein, preferably alpha-omega-dienes are used alone

(1,1,2,2,3,3,4,4-act af | ugro-dec | oxy) - et hanesul fonyl fluoride. WO
2005/ 1186057 gﬂ%W@ﬁ%ﬁﬁ%ﬁﬁ ’%8§}3@839ﬁ¥5% enbodi nent herein, the process

descri bed herei M b preféreedl dnfbodiReh € Rbcedb u@aﬂﬁédhaémamy&fuswﬁ) nmononer s
| i sted above. Preferred oligoners include oligoners of any to C20

ol efins, pPENSFaBPRORIYmEFS 81 sorplpners o (Fox ithispurhesss opthistigyaisiopn anl thsoner s
conpri s' ng BiRVHRRARo 2 R h&N a0 se Bh SR e 2o B RBR' Effereft RESHEL ed

f eedsto
15 units.) Preferred polymers produced herein include homopolymers or copolymers of

any of the above monomers. In a preferred embodiment the polymer is a
homopolymer of any G, to C); alpha-olefin. Preferably the polymer is a
homopolymer of ethylene or a homopolymer of propylene. In another embodiment
the polymer is a copolymer comprising ethylene and one or more of any of the

( 20 monomers listed above. In another embodiment the polymer is a copolymer
comprising propylene and one or more of any of the monomers listed above. In
another preferred embodiment the homopolymers or copolymers described,
additionally comprise one or more diolefin comonomers, preferably one or more Cy
to Cyg diolefins.

25 In another preferred embodiment the polymer produced herein is a copolymer
of ethylene and one or more Cj to Cyg linear, branched or cyclic monomers,
preferably one or more C; to Cys linear, branched or cyclic alpha-olefins. Preferably
the polymer produced herein is a copolymer of ethylene and one or more of

propylene, butene, pentene, hexene, heptene, octene, nonene, decene, dodecene, 4-



5 for the oligonerization process is the al pha-ol efin, ethylene. But other
al pha-olefins, including but not limted to propylene and 1-butene, my
al so be RS or conbined with ethyl ene. Preferredcimassosissns
include any C2 to C40 al pha-olefin, preferably and C2 to C20 al pha-ol efm
preferably any C2 to Cl2 al pha-olefin preferably ethyl ene, propylene, and
but ene, nost preferably ethylene. D ettes may be 10 used in the processes
descri bed herein, preferably al pha-onega-di enes are used alone or in
conbi nation with nono-al pha olefins. In a preferred enbodi nent the process
described herein may be used to produce honopol yners or copol yners. (For
the purposes of this invention and the clainms thereto a copolymer may
conprise fnifyidehteR1, 5 RnkthApertBicel, 815 §-BiRothy IRRRGITEY, chElopdiitdis; - Preferred
pol ymers produced herein incl ude Romd olyners or copolyners of any of the
above rmnmnﬁwk:ycllopemelm eY@@h@f@n%ﬁb@dtmﬁhﬂGYtH@hqmn%mer is a hormpol yrrer of

I | efel h
SPKyIanteooflg ﬁ”ﬁ?Sﬁ’oo T elzrpe ﬁ@?@ﬁgepqqu r%ﬁecfe‘iélr?f)glafsr‘?‘gcﬁ f poI yrrer is

a copol yngfprepyerd ﬁidﬂﬁleﬁﬁr Iindremg o0 t00R lidkarYbragcledd cryclf mbhenerd0 nmononers

|i sted above. I n another enbodi ment_ the polyner is_a copolymer conprising
pr opy| éneP&faetly ene et mereCodr Gatp (ot lingss %ngﬁ@%c)r qligppha-bdPs. I n  anot her
preferredp @@"ﬁ ditionally
conprise d%e %ﬁynnnfl oIe??ﬁgggﬁgﬁgﬁggépggre¥¥ﬁ§£ y@@%%ﬁ%?ﬁ%gpgﬁ%A to C40

di ol ef i nsof ﬁl@rlema, hmnaqxenmneﬂexemdhmdmmdom nbisnepddcopns dogeconktjded herein i s
a copol ymer one or 0 Ilnear branched or

th d C3t
cyclic m%%%m%nﬁﬁeig%éﬁwe%ﬂ? ]013“ gsﬁi‘%n?tﬁﬂ%’? Bfilnear, branched or
cyclic al pha- %eé;brefeneereﬁ{b%aﬁ;kw théﬁ(ﬂ?nﬁ maﬁcdar}@%iﬁ%mﬁ@omyﬂléo@ copol yner

of ethyl ene and one or nore of prop but ene, pentene, hexene, heptene,
oct end? negiberasnaierceerol el of @ﬁ@omnm%msme@b@r PEPITOEIGD5653 88
nmet hyl pe (ﬁﬁquméiﬂﬂﬁdﬁg % sne-1, 3,5 5-trinethyl hexene-1, cycl opentene,
4- met hyl tycl opent ene, cyc exene, and 4-net hyl cycl ohexene.

In a preferred embodiment the copolymers described herein comprise at least

50 mole% of a first monomer and up to 50 mole% of other monomers.
In another embodiment, the polymer comprises:
15 a first monomer present at from 40 to 95 mole%, preferably 50 to 90 mole%,
preferably 60 to 80 mole %, and
a comonomer present at from 5 to 60 mole%, preferably 10 to 40 mole%, more
preferably 20 to 40 mole%, and
a termonomer present at from 0 to 10 mole%, more preferably from 0.5 to 5 mole%,
20  more preferably 1 to 3 mole%.
In a preferred embodiment the first monomer comprises one or more of any
C; to Cg linear branched or cyclic alpha-olefins, including propylene, butene, (and all
isomers thereof), pentene (and all isomers thereof), hexene (and all isomers thereof),
heptene (and all isomers thereof), and octene {(and all isomers thereof). Preferred
25 monomers include propylene, 1-butene, 1-hexene, 1-octene, cyclopentene,
cyclohexene, cyclooctene, hexadiene, cyclohexadiene and the like.
In a preferred embodiment the comonomer comprises one or more of any C,
to Cao linear, branched or cyclic alpha-olefins (provided ethylene, if present, is

present at 5 mole% or less), including ethylene, propylene, butene, pentene, hexene,



In anot her preferred enbodi nent the polynmer produced herein is a copol ynmer
of propylene and one or nore C2 or C4 to C20 linear, branched or cyclic
monomner s, WO M0 B6eH|l y one or nore C2 or C4 to Cl2 |ineapcThbddsfsdsdr
cyclic al pha-olefins. Preferably the polymer produced herein is a copol yner
of propylene and one or nore of ethylene, butene, pentene, hexene, heptene,
oct ene, nonene, decene, dodecene, 4- hyl pent ene- 1, 3-nethyl pentene-1, and
3,5,5-trimethyl hexene-1. In a preferred enbodi nent, the pol yner produced
herein is a honopol yner of 10 norbomene or a copol ymer of norbornene and a
substituted norbornene, including polar functionalized norbornenes. In a
preferred enbodi nent the copol yners descri bed herein conprise at |east 50

mol e% of apfhiest aPHAERY, ndiGieWclid, RIS ab Rt RELadBRRNE Ritatiede) anot her
enbodi ment, the polymer conprises: 15 a first nononmer present at from40 to

95 nol e% bexatlimadieptiiene op@tdinnk a%tadique gficmrdiohsy; decrdiencgdpdspadiersy, and a
conmononer prese t, fr to o), e referabl.y.10.t0 .40 nol e% nore
preferably %“ngi%‘tﬁﬂ}%&‘éeé‘ﬁae"goﬁ?‘%ﬁ&ﬁ@ e'éf%&? Ipgotenedn 0 to 10 nol e%
nmor e pref epphibpentadsiicOard dyelohetBabe% 20 nore preferably I to 3 nole% In a

preferred enbodinent the first nonomer conprises_one or nore of any C3 to
Cs |inedr brancHetpisterssgambodime thegpranquamer porapiises aBe pr e disay Chut ene,

(and all itosém%{n%ar}, ?%g%fed?ﬁr gﬁ&%ﬁﬂ%@% @Jrhvihé«?%Eﬁ{él%né fﬁr@%l is Nexene (and

all isomers thereo e (a oners red and octene (and
al | i somer prestigmediyoleRroetas), adivdhgratndere; propplehe detape qepicanciexdndyut ene, 1

-hexene, 1-octene, ,cyclopentene, cycl|lohexene, cycl oacten hgexadi ene,
cycl ohexadpﬁ*ﬁ At ’P%Bne]’ BR%‘?“% Cg‘ep%ﬁeg?qeego‘gﬁ?ﬁ%%ﬁ?@ﬁfc@ﬁ’e omer
COMpri ses QudRne MipedineAFbhtddtone! R 3! Add@aiene, BeaiichRddWechliGlel C

al pha-ol efins (provided ethylene, if present, is present at 5 nole% or

| ess), IoncFuEanggd.esHyimety hezeeml emethylngnisne . pawtivirentarexdene, WO
2005/ 118603 /G EERAROARAAR ER Rex 2.

In a preferred embodiment the polymers described above further comprise one
or more dienes at up to 10 weight%, preferably at 0.00001 to 1.0 weight%, preferably
0.002 to 0.5 weight%, even more preferably 0.003 to 0.2 weight%, based upon the

15 total weight of the composition. In some embodiments 500 ppm or less of diene is
added to the polymerization, preferably 400 ppm or less, preferably or 300 ppm or
less. In other embodiments at least 50 ppm of diene is added to the polymerization,

or 100 ppm or more, or 150 ppm or more.

{ 20 POLYMERIZATION PROCESSES

Invention catalyst complexes are useful in polymerizing unsaturated

monomers conventionally known to undergo metallocene-catalyzed polymerization
such as solution, slurry, gas-phase, and high-pressure polymerization, Typically one
or more transition metal compounds, one or more activators, and one or more

25 monomers are contacted to produce polymer. These catalysts may be supported and
as such will be particularly useful in the known, fixed-bed, moving-bed, fluid-bed,
slurry, solution, or bulk operating modes conducted in single, series, or parallel

reactors.



hept ene, and octene, nonene, decene, undecene, dodecene, hexadecene,
but adi ene, hexadi ene, heptadi ene, pentadi ene, octadi ene, nonadi ene,

decadi en®O 0L ene, styrene, 3,5, 5-trinethyl hexenePCI/EP2005/005653

3- et hyl pent ene- 1, 4-nethyl pentene-1, cycl opentadi ene, and cycl ohexene. 5
In a preferred enbodi nent the ternongger conprises one or nore of any C2 to
Coo linear, branched or cyclic al pha-olefins, (provided ethylene, if
present, is present at 5 nole% or |ess), including ethylene, propylene,
but ene, pentene, hexene, heptene, and octene, nonene, decene, undecene,
dodecene, hexadecene, butadi ene, hexadi ene, heptadi ene, pentadiene,

oct adi ene, nonadi ene, decadi ene, dodecadi ene, 10 styrene,

3,5, 5-t ri met hyPngesianerereacgorsin $pyiep eningraealiel may be ipdhe present |

cycl opent.adi ene, -an | oh ne. ln.a preferr enbodi ment the . pol yners
doscr | bedbLEi0E: AP FREHEDRER Eamara h Fiof AR uRL R TR S i e ghe o

pr ef er ablaybe Qe lastaGolution We b@HY Jeither &dpefadddl Yo the 1€M2¥or] Axtifated wei ght % even
nore preferably 0.003 to 0.2 weight, based upon the 15 total weight of the
conposi t i BgJustprigp festhe peastarn e preact vaiediid REmpedss agredyaebsqlyionided to t he
pol ymeg i L.on, . : ar A r or |ess.
ot e ol thehGLOE B SRR CarkE But e B G r¥tof Herl,

pol yner i Ziatwhich monomé:i) Gorppmomgrs, matayst/astiviid/cpamiantonropigonal fcakPelgélyERI ZATI ON
PROCESSES I.nventi on tal yst, c | exes_are yseful in polynerizin

Unsat ur atBd oPHGHS RARErE AFAEPOFNYONHO BT TESIBATIGIG6F Fotaet BRERE- cat al yzed
pol ymer i ZgHetfidn, BU4ekicitheSBbid tddbonhty hfelad 48R Ry RUIR B twRBFmblIBadisrgSSur e

pol ynmeri zation. Typically one or nore transition nmetal conpounds, one or

nor e act i cpanentes ingateso nkhecratalyst eorgonepisear bs added to dhe st wactroinghoduce -
pol y . c I h,y!l| be particularly
usefﬂFaiﬁ;pﬁiegﬁ%%%#%i%éggge%gsmﬁggp%Sgﬁggagngﬁ%?ﬁgﬁfww%ﬁh?ry, sol ution, or

bul k operaipogentbdag aldad icfirdrehdtioniand begthastong®nentrio pdfeakdaetors. r kact ors. WO

2005/ 118605 PCT/ EADZOQS .005653 90 o : :
one preferred embodiment, the precatalyst is activated in the reactor in the presence

of olefin.
Ethylene-alpha-olefin (including ethylene-cyclic olefin and ethylene-alpha -
15 olefin-diolefin) elastomers of high molecular weight and low crystallinity can be
prepared utilizing the catalysts of the invention under traditional solution processes or
by introducing ethylene gas into a slurty utilizing the alpha-olefin or cyclic olefin or
mixture thereof with other monomers, polymerizable and not, as a polymerization
* diluent in which the catalyst suspension is suspended. Typical ethylene pressures will
20  bebetween 10 and 1000 psig (69-6895 kPa) and the polymerization diluent
temperature will typically be between -10 and 160 °C. The process can be carried out
in a stirred tank reactor or a tubular reactor, or more than one reactor operated in
series or in parallel. See the general disclosure of U.S. patent 5,001,205 for general
process conditions. All documents are incorporated by reference for description of
25 polymerization processes, ionic activators and useful scavenging compounds.
The invention catalyst compositions can be used individually or can be mixed
with other known polymerization catalysts to prepare polymer blends. Monomer and
catalyst selection allows polymer blend preparation under conditions analogous to

those using individual catalysts. Polymers having increased MWD for improved



One or nore reactors in series or in parallel may be used in the present
i nvention. The transition netal conpound, activator and when required,
co-acti vak@neos/1i8ys be delivered as a solution or slurrypcarEpaersossgEar at el y

to the reactor, activated in- line just prior to the reactor, or
preactivated and punped as an acti vat solution or 5 slurry to the reactor.
Pol yneri zations are carried out in either single reactor operation, in

whi ch nonomer, conononers, catalyst/activator/co-activator, optional
scavenger, and optional nodifiers are added continuously to a single
reactor or in series reactor operation, in which the above conponents are
added to each of two or nore reactors connected in series. The catal yst
conponent spmaessh anddditr traditioral benefits awdlablefrannpodlymershiadeewitlemixeBhe cat al yst
conponent al so be added. to botg reactors, with one conponent being added

e
to first ré%%‘ﬁ’?tc?ﬂ“&%c% ﬁé?a%‘f?ﬁ nent to other reactors. In one preferred
enbodi ment, t hegehaGay, alkatusing ifehiidnbaslyis ﬁap?cuqa&gc&?éncﬂ%[ %Hfae presence of

ol efin. Ethyl ene-al pha-olefin (including ethylene-cycli in and
et hyl ene- afmpiabilizadonh edppoerigibelcempleje catadyst systers will afdighnaliy copirise  wei ght and

| ow cry taIOI i nrit%(recan be]. %reﬁgr%d glteie”chitQ th% catal ysts of the invention
under t rad’ty SrnaPeSEHHPER BrEcEEEed 6r Hy T At SRILs AP RN ITERE Bas into a
slurry uti bodpiigdtihg ratnpha-pole firpurities Eoed the rédctibh BneifonniBnk TeRe t hereof with
ot her nononers,  polynerizable and not, as a polynerization diluent in which

. pol L, RQ )
t he cat al y&npwitiss edesrenly ped aplypiastvityins daltilit dypicably.reifeog sspsii | | 20 be
bet ween 10 I - k J |4 uent
Cenper at ur SO PRI Shelbefbrd ot ehHond bl gl EREAAOR Bl (0
carri ed ousuchistepa vallirarehchlloangolymatation sitheuttushiglsamersesehging or nore t han
one reactor operated in ., series or,i aral |l el. et ner.al discl osure
of U.S. Ypaf@Hpo %O%DEB%IISFg?epé’Z)ﬁ%Wmg?%ﬁ%ggémgﬁﬁﬁiuﬁ?%ﬁga.%?ﬂ’ﬁﬂ?docunents are
i ncor por at eflolits beiRkeiEe: Eipdlassri ption of 25 pol ynerization processes,

ionic activators and useful scav}e}&?i nigw;:orrpounds. The invention catal yst
conposi t i or3PiEally. e ssaeenginggiompawad Wil by ancergannetallie gomppyd syehas thknown

A . T S T S i S N o
t hose usi n@-PHOPIE20WAD- Ao 84/8B §064, VORePYid132, hnd thatiof WEr 8HEEH IMAD f or i nproved
15 Exemplary compounds include triethyl aluminum, triethyl borane, tri-iso-butyl
aluminum, methyl alumoxane, iso-butyl alumoxane, and tri-n-octyl aluminum. Those
scavenging compounds having bulky or Cs-Cyg linear hydrocarbyl substituents
connected to the metal or metalloid center usually minimize adverse interaction with‘
the active catalyst. Exaniples include triethylaluminum, but more preferably, bulky
20 compounds such as tri-iso-butyl aluminum, tri-iso-prenyl aluminum, and long-chain
linear alkyl-substituted aluminum compounds, such as tri-n-hexyl aluminum, tri-n-
octyl aluminum, or tri-n-dodecyl aluminum. When alumoxane is used as the
activator, any excess over that needed for activation will scavenge impurities and
additional scavenging compounds may be unnecessary. Almmoxanes also may be
25 added in scavenging quantities with other activators, e.g., methylalumoxane,
[Me; HNPh] ' [B(pfp)a] or B(pfp)s (perfluorophenyl = pfp = CgFs).
In terms of polymer density, the polymers capable of production in

accordance the invention, can range from about 0.85 to about 0.95, preferably from

0.87 to 0.93, more preferably 0.89 to 0.920. Polymer molecular weights can range



WO 2005/ 118605 PCT/ EP2005/ 005653 91 processing and other traditional
benefits avail able from polyners made with m xed catalyst systens can thus
be achi ewedoos@asersal | y, when using invention catal ysts, POpEPIOSIDEESY When
they are immobilized on a support, the conplete catalyst systemwl|
additionally conprise 5 one or nore sgavengi ng conpounds. Here, the term
scavengi ng conpound nmeans a conpound that renpves polar inpurities fromthe
reaction environment. These inpurities adversely affect catalyst activity
and stability. Typically, purifying steps are usually used before

i ntroduci ng reacti on conponents to a reaction vessel. But such steps wl|
rarely all ow pol ynerization wi thout using sone scavengi ng 10 conpounds.

Nor mal |y, ﬁtoheahnmltﬁﬁ&@l\fhﬂbiaboutm;mﬂamﬁmbtg&aietIMo@ulatwle@st smal | anmounts

of scavengi ounds. i i ng. coppound will be an
or ganonet gﬁ‘:‘?@"%’@gﬁﬁﬂhﬁ& %ﬁ%ﬁl J[ éw%ﬂ&}ﬁg@ﬁ %PH'%’FﬁSHgFE’Ie}E conmpounds of
U.S. Pat enfigrigutibas 5bar1.2% aéc;lut@zﬁ) RALp , alAa 9 93506,

WO A- 93/ 14132, and that of WD 95/07941. 15 Exenpl ary conpounds I ncl ude

triethyl afherpdditives, r$ istking v o thervet, may be addedgattyd polaheni num  net hyl
al unoxane, iso-butyl alunoxane, and tri-n-octyl alum num Those scavenging
conpourids havi ng bul ky or C6-C20 |inear hydrocarbyl substituents connected

to the net@AS PHASE POIVMERIZALrIOSUal |y mnimze adverse interaction with
the active catalyst. Exanples | nclude triet h%ifal um num but nore preferably,

bul ky 20 conpo&ifisrallycin afiuidized gagdep praprssasatifarpe ‘{CHI&H%BH?IF’é’nyI al umi num
and | ong- Pé’ég s st!réaﬂ?@&mﬁhﬂﬁ lond Hpﬁﬁlbfetl’rl&ﬁﬂn&g Wﬂoﬂﬂﬂﬁ&gmﬁmﬁ

tri-n-hex um num tri-A- oct um num or tri- ecyl %fumnum When
al unoxane flusdizesidsedds thepreseact oﬂ/aad:amrlyst anderextivs conditionish dhe gwdmd for

activa |on wi | L urg t d ,addi cave conpounds ma
be unn e§E3WISW€¥FBYg%@§‘n§‘F %‘%ﬂjﬁ apd t %Faﬁ’[éﬁgﬁﬂ“& @sﬁiﬁg nguaﬁl ties g
W th ot hefSnﬂﬁl&zln‘é@ﬁél{;%)ol)Qn& prod’@f Ry iedeak G668, the tvBidtiRNMredhBhGomet s  OF
B(pfp)3 (perfluoraophe = C6F5). In terns of polyner density, the

pol ymer s @g%ibtp éemgceﬁh@,ﬂg]dmegﬁcq monomer. (See for example U.S. Patent Nos.
4,543,399, 4,588,790, 5,028,670, 5,317,036, 5,352,749, 5,405,922, 5,436,304,

5,453,471, 5,462,999, 5,616,661 and 5,668,228 all of which are fully incorporated

15 herein by reference.)

The reactor pressure in a gas phase process may vary from about 10 psig (69
kPa) to about 500 psig (3448 kPa), preferably from about 100 psig (690 kPa) to about
500 psig (3448 kPa), preferably in the range of from about 200 psig (1379 kPa) to
about 400 psig (2759 kPa), more preferably in the range of from about 250 psig (1724

20 kPa) to about 350 psig {2414 kPa).

The reactor temperature in the gas phase process may vary from about 30 °C
to about 120°C, preferably from about 60 °C to about 115 °C, more preferably in the
range of from about 70 °C to 110 °C, and most preferably in the range of from about
70 °C to about 95°C. In another embodiment when high density polyethylene is

25  desired then the reactor temperature is typically between 70 and 105 °C.

The productivity of the catalyst or catalyst system in a gas phase system is
influenced by the partial pressure of the main monomer. The preferred mole percent
of the main monomer, ethylene or propylene, preferably ethylene, is from about 25 to

90 mole percent and the comonomer partial pressure is in the range of from about 138



accordance the invention, can range from about 0.85 to about 0.95,
preferably from 0.87 to 0.93, nore preferably 0.89 to 0.920. Pol yner

nol ecul arw@edgHitigsotan range WO 2005/ 118605 PCTI EP2005/ 0OS&3BP20952005658m about
3000 Wn to about 2,000,000 Wh or greater. Mol ecular weight distributions
can range fromabout 1.1 to about 50.0g3w th nol ecul ar weight distributions
froml1l.2 to about 5.0 being nore typical. Pignents, antioxidants and ot her
additives, as is known in the art, may be added to the polynmer. 5 GAS PHASE
PCLYMERI ZATI ON Generally, in a fluidized gas bed process used for producing
pol yners, a gaseous stream containing one or nore nononmers i s continuously
cycled through a fluidized bed in the presence of a catal yst under reactive
condi ti ons kPEheatgmBéb’LllsP&L@ré@mbianbms 50 tRaltcoatrouf 2668 kRtee whiahi agé typittabed and

recycl ed back,..nta the rgacto Si.mul t aneou duct is
e o EPtSiRdn e s DERS pRlymer BPhRGRE: Alst in Rint Fles™ B pieicE e
pol yrrer | Zedf EBRORRer cEPARIéE peavg, U S Patent Nos. 4,543, 399,
4,588, 790, 5,028,670, 5,317, 0% gz 749, 5,405,922, 5,436, 304,

5, 453, 471, 5, 46 ggngersedaq@c@anermhe SageBublEEdan fhegiresent wNentraa ig ul | y
LPS@QES%&%’@ S SR mbE (BN o Uh B Bouflasr UG toheBuf20 BNEDS)
pr e; er alt;: y 2’!’:)(3),0(?!11)1 s (i ({0 OB K];glﬂ'@ c(rlIanlheK B@femblyegtenﬁr th&D 000 bgh @4%8 kPa) ,

r r i r rom 9 t 400
(p2$58 ﬁpaﬁl a?%‘ﬁ égwgr%?raﬁ\fwvﬁerﬁ Olkba‘?{f?elgi{?fs @366#‘%@%@@%@%%.3 ?3724 283' ’
kPa) to ab%fe;%‘é@ PehG tﬁ%ﬂﬂdﬁ%&&rﬁhgobwrﬁﬂl%@ faBlyl gledtlle gas phase

process may va rom about ‘30 C to abo erably Trom about 60 C

t of about 111@n@5y Qﬁ@rlbs/btr(éﬁéﬁaﬁﬂgﬂlr), ytill leen mawgye%fa ¥ gretabiban 5000C to 110 C,
anot her L miSURERE U0 kR T RSB g BT R boo B RoRRYED B en e
react or t ergpatdatisnel 005)00)1?@9/1&6(!45 yO(ng)ﬂe)e ancyﬂxoﬂmieﬂ:%l}(bvcr 100,000 Ibs/hr (
45,500 Kg/hr).
Other gas phase processes contemplated by the process of the invention
include those described in U.S. Patent Nos. 5,627,242, 5,665,818 and 5,677,375, and
15 European publications EP-A- 0 794 200, EP-A- 0 802 202 and EP-B- 634 421 all of
which are herein fully incorporated by reference.
In another preferred embodiment the catalyst system in is liquid form and is
introduced into the gas phase reactor into a resin particle lean zone. For information
on how to introduce a liquid catalyst system into a fluidized bed polymerization into a
20 particle lean zone, please see US 5,693,727, which is incorporated by reference

herein.

SLURRY PHASE POLYMERIZATION

A slurry polymerization process generally operates between 1 to about 50

25 atmosphere pressure range (15 psig to 735 psig, 103 kPa to 5068 kPa) or even greater
and temperatures in the range of 0 °C to about 120 °C. In a slurry polymerization, a
suspension of solid, particulate polymer is formed in a liquid polymerization diluent
medium to which monomer and comonomers along with catalyst are added. The

suspension including diluent is intermittently or continuously removed from the



The productivity of the catalyst or catal yst systemin a gas phase systemis
I nfl uenced by the partial pressure of the nmain nononer. The preferred nole
per cent WOf2005/1860&i n nononer, et hylene or propyl ene, prRCEERDIOSO®SEYI| ene, is
fromabout 25 to 90 nole percent and the conononer partial pressure is in
the range of from about 138 WO 2005/ 133605 PCT/ EP2005/ 005653 93 kPa to
about 517 kPa, preferably about 517 kPa to about 2069 kPa, which are typical
conditions in a gas phase polynerization process. Also in sone systens the
presence of conononmer can increase productivity. In a preferred enbodi nent,
the reactor utilized in the present invention is 5 capable of producing
nore than 500 | bs of polynmer per hour (227 Kg/hr) to about 200,000 |bs/hr
(90, 900 Kgédstor vherd thghmilatile caiponahis prageparatad fidma thel@dpmértmmd hecyc 85 Kg/ hr)

nore preferabl reater than 10,000 | bslfhr ..(4540. Kg/ hr)., even nore

pr ef elroabl fpg?léfély%f&fﬁgff@%?%éﬂ%ﬁﬁ“#lﬁ%‘é“‘%ﬁh\??{e“%gl?}'q% ‘H'gt?ee preferably
greater tpbBinctzalOPmleBRini]s tfr;ih@al%% dlednB hhving ifidm 3 &Y ¢ 0arBBh BtoRfsef er abl y
greater than 50,000 to | bs/hr &}21 700 Kg/ hr) "and preferably greater than

65, 000 | breferabbroe bencheg/alirape: She medinneemplnzed shoeldigoidusd rider (5, 500 Kg/ hr)
d : 1 . 45.500 Ka/hr). Gh h
o ocos cbs PRANRLAL AR Rbri i AP ra Vel specd >y ook medhif s 8T D125

descri bed theprdeéss sRadlé bt oprated abbvkthe fedction §henBdi®ticAbtbnipefine 348, and 15
Eur opean publications, EP-A- 0 794 200, EP-A-. 0 802 202 and EP-B- 634 421 all
of which XFESHEr Ersferbiv ¢ hexrng op an irobutans medivgy is SEWIOYER anot her preferred

embodi ment. t he 13hakiBbaited, & BrifBréFpdiivichiloUBIARAC LE elifdggged [ nto the

gas phase reactor into a resin parti ean zone. For Information on how
to i ntrodaeferrad ta apa phriele dbyspolypstiztionnera duiry prodessexhebethepol yneri zati on

0 i BB SRR BB e S0 R R B PO Bk e P
process gd&uek fchitiqap & wélEEndval aBoard, 4nd defibed BOfor instance U.S. Patent No.
3,248,179 which is fully incorporated herein by reference. The preferred temperature
in the particle form process is within the range of about 85 °C to about 110 °C. Two
preferred polymerization methods for the slurry process are those employing a loop
15 reactor and those utilizing a plurality of stirred reactors in series, parallel, or
combinations thereof. Non-limiting examples of slurry processes include continuous
loop or stirred tank processes. Also, other examples of slurry processes are described
in U.S. Patent No. 4,613,484, which is herein fully incorporated by reference.
In another embodiment, the slurry process is cartied out continuously in a
20 loop reactor. The catalyst, as a slurry in isobutane or as a dry free flowing powder, is
injected regularly to the reactor loop, which is itself filled with circulating slurry of
growing polymer particles in a diluent of isobutane containing monomer and
comonomer. Hydrogen, optionally, may be added as a molecular weight control.
The reactor is maintained at a pressure of 3620 kPa to 4309 kPa and at a temperature
25  in the range of about 60 °C to about 104 °C depending on the desired polymer
melting characteristics. Reaction heat is removed through the loop wall since much
of the reactor is in the form of a double-jacketed pipe. The slurry is allowed to exit
the reactor at regular intervals or continuously to a heated low pressure flash vessel,

rotary dryer and a nitrogen purge column in sequence for removal of the isobutane



25 atnosphere pressure range (15 psig to 735 psig, 103 kPa to 5068 kPa) or
even greater and tenperatures in the range of 0 Cto about 120 C. In a
slurry powW@oensitzgees on, a suspension of solid, particul ®E/ER0O5658s f or med
in aliquid polynerization diluent nediumto which nononer and conononers
along with catalyst are added. The suggension including diluent is
intermttently or continuously renoved fromthe WO 2005/ 118605

PCT/ EP2005/ 005653 94 reactor where the volatile conponents are separated
fromthe polynmer and recycled, optionally after a distillation, to the
reactor. The liquid diluent enployed in the polynerization nediumis
typically an al kane having from3 to 7 carbon atons, preferably a branched
al kane. Thdilmmﬁhnﬁra&umemgtaﬂmhmubrchnﬂ@ohioqmindrsufI&helrem;ltinghydmaabibbh fes of

pol yneri zat i o g‘t‘j rel ati v(%ﬁ inert. \Wen a ﬁ:rg ane nediumis used the
process shB2¥ rB% BEPRPRYNdSH SOFSE fbvaTIoNE APRJiFa P Maent critical tenperature

and pressure. B[ﬁf&ﬁ@@h%odﬁldﬂ?%l@&&a&br wed i SR UNAREpraBsts BiMhe $nARsPYed. In
one enbodi nent, gre erred polynerization techni que of the invention is

referred ti capable phand e @rqcearsmf;ﬂm ipMentionas prgduciog geeatskr thany20p9 Bseds where t he

10 tenpera I oes into
sol uti o% }Jéﬁﬁr? k}h ue |@/hl\tkielﬁfnteﬁ’%%wé@ﬁgtgg?%ﬁ@n%gﬁe@ E@éh 'n for

i nstance UaS nB@E}ﬁBferdH@ gredtePthdn 10,000Mbstn (4 B10fKiE/ht). Tnewthareaibedinat ei n by
reference. The preferred tenperature, _ in the particle formprocess is within

the range 8 sisUteagsr eseddn tisquecess of the ‘WW‘“W@FW@&% srithan 1oa000n

nmet hods f Of.t glnl]gr t I tor and
t hose util ?bzsldlg) $ S%I Pr%g§%ewg%£?%n?gr@ggos%g%g ﬁgl or
cofrbi nat i ngﬁuhEr:éxwhtIO(b@D(llbsﬁmMﬁéO@@ﬂpb es of sl urry processes i ncl ude

cont i nugus Ioo tirred.ta k 0GEe3Ses. Qt her ex les.of slurry
processlcee)s are d %Ii'qt eéoe’mboﬁl ?élﬁ'typﬁ%cess f;@%"ﬁ’gﬂum @ﬂﬁlrga 0érel n fully

i ncor por at gtbsite issihakengge of fora 00 psie (quamwsoo ﬁdi@(ssllakpao process is

carried out contlnuously ina 20 Ioo r eact e cataly as a slurry in
i sobut ane 8F® %rgba‘iépy%r(éb@%mtw% vefbpsie f"s&"’Lﬁ b &P 2@@1&?99 to the

reactor | ogRo (WHPah & aﬁo%@bﬁo g‘;él% tad2 m)hrrfa'sﬁs}utﬁmpﬁoﬁﬂ a%ﬁtyszgfpmggr ow ng

pol ymer parti C| es In a diluent of isobut'ane containing nononer
(3620 kPa) to 625 psig (4309 kPa).,

15 In yet another embodiment in the slurry process of the invention the
concentration of predominant monomer in the reactor liquid medium is in the range
of from about 1 to 10 weight percent, preferably from about 2 to about 7 weight
percent, more preferably from about 2.5 to about 6 weight percent, most preferably
from about 3 to about 6 weight percent.

20 Another process of the invention is where the process, preferably a slurry or
gas phase process is operated in the absence of or essentially free of any scavengers,
such as triethylaluminum, trimethylaluminum, tri-iso-butylaluminum and tri-»-
hexylaluminum and diethyl aluminum chloride, dibutyl zinc and the like. This
process is described in PCT publication WO 96/08520 and U.S. Patent No. 5,712,352,

25 which are herein fully incorporated by reference.

In another embodiment the process is run with scavengers. Typical

scavengers include trimethyl aluminum, tri-iso-butyl aluminum and an excess of

alumoxane or modified alumoxane.



conononer. Hydrogen, optionally, may be added as a nol ecul ar wei ght control.
The reactor is maintained at a pressure of 3620 kPa to 4309 kPa and at a

t enper at WOSLOPB1E8H0St he range of about 60 C to about 104 BCTAP008I0085dN t he
desired polyner nelting characteristics. Reaction heat is renoved through
the loop wall since nmuch of the reaciggr is in the formof a double jacketed
pi pe. The slurry is allowed to exit the reactor at regular intervals or
continuously to a heated | ow pressure flash vessel, rotary dryer and a

ni trogen purge colum in sequence for renoval of the isobutane WO

2005/ 118605 PCT/ EP2005/ 005653 95 diluent and all unreacted nononer and
conononers. The resultlno. h drocarbon free comder |s then conpounded for
use in vadQMOGE 9l b iskrcy 1 id | used in the
slurry process §f f t he

I nvention is pryli)hl lj%{la gslts'rgﬁr{ae‘g‘iﬂeEirila eh?c@%%qgkﬁawa?l E%QOJSWIDH{O%(%%E%% r (907

Kg/ hr), neoktipn pteessdes. ngﬂiaﬂl)EﬂustlhﬂﬂvéﬂfMyﬂlﬁﬁahbn {122 6éhtikg ooy eactopdnd NoSt
preferably]}gre&llper t han, 10, 00Q | bs/hr (4540 Kg/hr). In anpt her enmbodi ment
the sl ur ryviighibe golymaes dormediand the Herting momopgs Yt grptsrielsgupglied.ng great er
than 15 0Q@: h ater than
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pref er abl yis@@ sop&hf (3448 kPa) to about 650 psig (4482 kPa), nost

preferably from about 525 psig (3620 kPa) to 625 psig (4309 kPa). 15 In yet
anot her e CrAEHE cppirele the rgagier 1§)Pb‘é€'§§ bytbalapeing thedieat ‘éﬁi’oﬂmm@é‘ﬁ@ent ration

of preﬂPmaH%ﬁt\}\le”Eng %oohﬂ%fa??eafsﬁﬁ%ﬁét%bf &%Ulﬁil LB 1480l Fth%o%out rog s gOf from
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chilled feeds may also be used. The reactor temperature depends on the catalyst used.

In general, the reactor temperature preferably can vary between about 0 °C and about
15 160 °C, more preferably from about 10 °C to about 140 °C, and most preferably from
about 40 °C to about 120 °C. In series operation, the second reactor temperature is
preferably higher than the first reactor temperature. In parallel reactor operation, the
temperatures of the two reactors are independent. The pressure can vary from about 1
mm Hg to 2500 bar (25,000 MPa), preferably from 0.1 bar to 1600 bar (1-16,000
20 MPa), most preferably from 1.0 to 500 bar (10-5000MPa).

Each of these processes may also be employed in single reactor, parallel or
series reactor configurations. The liquid processes comprise contacting olefin
monomers with the above described catalyst system in a suitable diluent or solvent
and allowing said monomers to react for a sufficient time to produce the desired

25 polymers. Hydrocarbon solvents are suitable, both aliphatic and atromatic. Alkanes,
such as hexane, pentane, isopentane, and octane, are preferred.

The process can be carried out in a continuous stirred tank reactor, batch
reactor, or plug flow reactor, or more than one reactor operated in series or parallel.

These reactors may have or may not have internal cooling and the monomer feed may



gas phase process is operated in the absence of or essentially free of any
scavengers such as triethylalum num trinmethylalum num

tri-iso- 8P OFEEPTHum and tri-n- hexyl al uni num and di et RATERZHMS{0RTHS
chloride, dibutyl zinc and the like. This process is described in PCT
publication WD 96/ 08520 and U.S. Pateng7 No. 5,712,352, 25 which are herein
fully incorporated by reference. In another enbodi nent the process is run

Wi th scavengers. Typical scavengers include trinethyl alum num
tri-iso-butyl alum numand an excess of al unoxane or nodified al unoxane. WO
2005/ 115605 PCT/ EP2005/ 005653 96 HOMOGENEOUS. BULK OR SOLUTI ON PHASE
POLYMERI ZATI ON  The catal ysts descri bed _herein can be used advantageously in
honpgeneousr mey not beowfrigenitet Seethe @enerpkdisajosurs ef 1Sy patortsS, UL 3PFdet zation in a

caral yat marEr apeceetiontitioh® SApR7 ik BRAvorRl IR L0 BEN T o o

gradi ent s. 9BupéBEhl e processes operate above the nelting point of the
pol ymers at high pressures, froml to 3000 bar (10- 30,000 MPa), in which
t he nononer acts as diluent or in solution polynerization wusing a solvent.

Tenper atur grep uiGR PRASSORE PoPYMERSFAMOAY anci ng the heat of

pol yneri za r jackets or cooling
coils to cool thethedhighgntsunafprodess for dixctodymeraaation oééthyigee abhoos inpr e- chi | | ed

feeds, vaporizatjon o iquid di,um (di,l uent noner.s ofr. | vent) or
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al so be usgRfind,Re teRpeiabire bETHR Ricditth SVithGPRARE tRNpdih@esAkidh Yaktisted. 1 n

general, the reactor tenperature preferabh%ﬂcan vary between about 0 C and
1

about 15 1eepugs isghleastgZef € ra pipferplmabpeutd01§ amdimayagpge o1 "€, bind nost
f | t 12 : . ;
preferapl yplibothe a&%?rgpoéigog]tégﬁ)g & o.f:!;%xg ngltyﬁlge?] p?cﬁ%ll’:??}?g%ﬁ&%olnp@m {he secon

reactor tenperature pre hi'g eact or
t enper at ur & 325" (hdfrafetably, tleautpnepéEpais @mpltthdat 4 empematemibinche t he two

R O S Ao RS el b O P P © 2500
bar (20 MPa), and generally at a pressure within the range of 500 bar (50 MPa) to
3500 bar (350 MPa). Preferably, the polymerization is completed at a pressure within

15 the range from 800 bar (80 MPa) to 2500 bar (250 MPa).

For medium pressure process, the temperature within which the
polymerization reaction occurs is at least 80 "C and ranges from 80 "C to 250 "C,
preferably from 100 °C to 220 °C, and should for a given polymer in the reactor, be
above the melting point of said polymer so as to maintain the fluidity of the polymer-

20 rich phase. The pressure can be varied between 100 and 1000 bar for ethylene
homopolymers and from 30 bar (3 MPa) to 1000 bar (100 MPa), especially 50 bar (5
MPa) to 500 bar (50 MPa) for processes producing ethylene copolymers containing
C; to Cyp olefins and optionally other copolymerizable olefins.

More recently, polymerization conditions for high pressure and or temperature

25  polymerizations to prepare propylene homopolymers and copolymers of propylene
with Cs to Cyg olefins and optionally other copolymerizable olefins have been
reported. See US patent applications 60/431,185 filed December 5, 2002,
60/431,077, filed December 5, 2002; and 60/412,541, filed September 20, 2002,



20 MPa), nost preferably from1.0 to 500 bar (10-5000MPa). Each of these
processes nay al so be enployed in single reactor, parallel or series
react or v&‘aﬁ?qyst}&?‘iﬁ?i ons. The liquid processes conprise cRET/BEI05B0565%f i n
nononers with the above described catal yst systemin a suitable diluent or
solvent and allow ng said nononers tggreact for a sufficient tine to
produce the desired 25 pol yners. Hydrocarbon solvents are suitable, both
al i phatic and aromatic. Al kanes, such as hexane, pentane, isopentane, and
octane, are preferred. The process can be carried out in a continuous
stirred tank reactor, batch reactor, or plug flow reactor, or nore than one
reactor operated in _series or parallel. These reactors may have or may not

have i nternal 8881 polynemationan teationed dhewajelygt the pslymes pogluct can

PCT/ EP20 e refrigerated neral disclosure
of U, pagueEet ol el GlondFin &L b ORE oR een RAFRA W ATR"L

i nt er nat i fayabd afffidng thieipolyn\¥D 208 tibpblymersbtalidd &ifud2®aflo watelihll bl AND HI GH
PRESSURE PCLYNMERI ZATIONS | n the higgsa;essure process for the polynerization

of et hyl et Rallsteor ofher guitablegempainu Res. Egr geral prosesfrenditions.see and

optional | ; [ RS, t r f14he medi um
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pr ef er abl whizheweindetPorGtedridraimyy refagacdt o 350 C, but 10 bel ow t he
deconposition tenperature of said polyner product, typically from310 C to
325 C. Preferably, the polynerization is conpleted at a tenperature within
the range of A3fofhct mBRfimbnt, HiEinROhOTEEIEARkD @ BrahSitiGPMRIEEAMyA a pressure
above 200 bar (20 MPa), and generally at a pressure within tge range of 500
bar (50 Meapoupd rQEEENisd by yEla) . Preferably, the polymerization is
conplgéed at a pressure within 15 the range from 800 bar (80 MPa) to 2500
bar (250 MPa). For nedi um pressure process, the tenperature within which the
pol yneri zation reaction occurs is at |east 8@C anRranges from80 C to 250
'C, preferably frpom 1g0 C to 220 C, and shoul a given polyner in the
reactor, be

where:
M and M' are, independently, a group 8, 9, 10 or 11 transition metal;
each R group is, independently, is, hydrogen, or a hydrocarbyl, substituted

15 hydrocarbyl, halocarbyl, substituted halocarbyl, silylcarbyl, substituted silylcarbyl,
germylcarbyl, or substituted germylcarbyl substituents, and optionally, adjacent R
groups may join together to form a substituted or unsubstituted, saturated, partially
unsaturated, or aromatic cyclic or polycyclic substituent;
R'is hydrogen, or a hydrocarbyl, substituted hydrocarbyl, halocarbyl, substituted

20 halocarbyl, silylcarbyl, substituted silylcarbyl, germylcarbyl, or substituted
germylcarbyl substituents, and optionally, adjacent R groups may join together with

R'to form a substituted or unsubstituted, saturated, partially unsaturated, or aromatic



above the nelting point of said polyner so as to maintain the fluidity of
the polyner 20 rich phase. The pressure can be varied between 100 and 1000
bar for eVRARHESMonppol yners and from 30 bar (3 MPa) teCh/@Pokerses3100
MPa), especially 50 bar (5 MPa) to 500 bar (50 MPa) for processes producing
et hyl ene copol yners containing C3 to g O olefins and optionally other
copol yneri zable ol efins. Mdre recently, polynerization conditions for high
pressure and or tenperature 25 polynerizations to prepare propyl ene
honmopol ymers and copol yners of propylene with C3 to ClO olefins and
optionally other copol ynerizable ol efins have been reported. See US patent
applications 60/431,185 filed Decenber 5, 2002; 60/43 1,077, filed Decenber
5, 2002; anali66t gdlzeyedit substihedt; Sept enber 20, 2002. WO 2005/ 118605

PCT/ EP2005/ 005653 98, After I ri.zation and deactivation of the catalyst,
the pol ymet2°h (4 lscHQeP eE‘g‘égE‘V%‘gB‘& Es‘%g"%‘wéﬂ"a‘l@ﬂ WHOsttedhe art
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obt ai ned extruded into water and cut into €ts or other suitable
commi nut edgesimdilsethyl,Fosubptindedgerprybrednd sebstitiienispoasl opsienalfy, adiecapXer al

FHEARE M By oI e
i nvent i on weh@kRed, be aRniaidR§élid @polRivalic Sdk@uyg! conpound represented by
the formula: 10 R RRR R Z R Z R where:

m and m' are, independently, 0, 1, 2, or 3;

z and z' are, independently, 0, 1, 2, or 3;

N is nitrogen;

10 Qis hydrogen, or a hydrocarbyl, substituted hydrocarbyl, halocarbyl, substituted
halocarbyl, silylcarbyl, substituted silylcarbyl, germylcarbyl, or substituted
germylcarbyl substituents;

Q'is hydrogen, or a hydrocarbyl, substituted hydrocarbyl, halocarbyl, substituted
halocarbyl, silylcarbyl, substituted silylcarbyl, germylcarbyl, or substituted

15 germylcarbyl substituents; and
L is a hydrocarbyl, substituted hydrocarbyl, halocarbyl, substituted halocarbyl,
silylcarbyl, substituted silylcarbyl, germylcarbyl, or substituted germylcarbyl
substituent.

2. The compound of paragraph 1 wherein M and M’ are, independently Ni, Co,

20 Pd, Cu, or Fe.

3. The compound of paragraph 1 or 2 wherein each R group is, independently,
selected from the group consisting of C1 to C20 hydrocarbyls, C1 to C20 substituted
phenyls, and all isomers thereof.

4. The compound of any of the above paragraphs wherein each R group is,

25 independently, selected from the group consisting of ethyl, methyl, propyl, butyl,
pentyl, hexyl, septyl, octyl, nonyl, decyl, undecyl, dodecyl, phenyl, methylphenyl,

and all isomers thereof.



Mand M are, independently, a group 8, 9, 10 or 11 transition netal; each R
group is, independently, is, hydrogen, or a hydrocarbyl, substituted 15

hydr ocar W 2005{bi86ar byl , substituted hal ocarbyl, silyl cachmromwosdsst ut ed
silylcarbyl, gernylcarbyl, or substituted gernylcarbyl substituents, and
optionally, adjacent R groups may jqopp together to forma substituted or
unsubstituted, saturated, partially unsaturated, or aromatic cyclic or

pol ycyclic substituent; R is hydrogen, or a hydrocarbyl, substituted

hydr ocar byl , hal ocarbyl, substituted 20 hal ocarbyl, silylcarbyl,
substituted silylcarbyl, gernylcarbyl, or substituted gernylcarbyl
substituents, and optionally, adjacent R groups nmay join together with R
to form a’-substha ¢pmanpupd ofiany ekthe abevedaragmaphs sthetein Baistselected fiomstheur at ed, or

Cubst i t uckip? SRR AP DTSRRI Cr 1o 20 sR¥fblefa BB L . or

hydr ocar bigbmersubetdft ut ed hydrocarbyl, hal ocarbyl, substituted hal ocarbyl,

silylcar b%l , Substituted %i |yl carbyl, gernylcarbyl. or substituted
germyl carbyl siitomnaund of angef the abeyis spragranksrhiersin Ridsselseisd formtbg | oi n

Lonet et ) SOmABUPERVL UL AoMIEHID, ety i o 1

unsat ur at arofati c r It’s nt’; and m are,
i ndependedeclyl undgeyll do@ecyhmphdnyl, methplphenyl sand alli ipatepetibeedfl y, 0, 1, 2, or 3;

N is nitrogen;_10 i s _hydroge aor a hydrocarbyl, su ituted hydrocarbyl,
Pl ocar byl s yB GorRReuE ShERE LG Jrove eRIaRrEa: BRTCIn GAL F QdSsi | yi car byl

ger nyl caripyiépen@éntSyRsiédtdd 68 thd iy Leidtnk of Bh36 (20aRtRcafyls, &1hydr ogen, or
a hydrocar ba/l substi tuted hydrocarbyl, halocarbyl, sSubstitufed hal ocarbyl,

si |yl car b§#0 subgtitstadmnbenyls.sindyalldsamsrs theggofmy| car byl . or substituted 15
| | ' - ' : ' hyd byl ,
e ondf oy s oHSUokiHdahl BEANOF the bR pHEFBAE L Bikein ST kB, YU R Y

ger nyl caribgi¢pendentiyyisdtdtddufrerd theegmoyp canrsixying of ethyl, methyl, propyl, butyl,
pentyl, hexyl, septyl, octyl, nonyl, decyl, undecyl, dodecyl, phenyl, methylphenyl,

pJ

and all isomers thereof.
9. The compound of any of the above paragraphs wherein each X is,

15 independently, selected from the group consisting of chlorine, bromine, fluorine,
methyl, ethyl, propyl, isopropyl, butyl, t-butyl, pentyl, hexyl, phenyl, and
methylphenyl.

10.  The compound of any of the above paragraphs wherein each X is,
independently, selected from the group consisting of chlorine, bromine, fluorine,

20 methyl, ethyl, propyl, isopropyl, butyl, t-butyl and pentyl.
11.  The compound of any of the above paragraphs wherein L is an aryl group.
12.  The compound of any of the above paragraphs wherein z and z' are the same.
13. The compound of any of the above paragraphs wherein z and z' are zero.
14.  The compound of any of paragraphs 1-12 wherein z and z' are 1.

25 15, The compound of any of paragraphs 1-12 wherein z and z' are 2.
16.  The compound of any of paragraphs 1-12 wherein z and 2z’ are 3.
17.  The compound of any of paragraphs 1-11 wherein z and z' are different.

18.  The compound of paragraphs 17 wherein z is zero and z' is 1.



substi tuent. 2 The conpound of paragraph 1 wherein M and Mare,
|ndependentl , 20 Pd, Cu, or Fe. 3. The conpound of paragraph 1 or 2
wherein é%‘e &6(9 pis, i ndependent ly, selected from tII/ER2008006653Si St i ng
of d to C20 hydrocarbyls, Cl to C20 substituted phenyls, and all isoners
thereof. 4. The conpound of any of thgyabove paragraphs wherein each R group
is, 25 independently, selected fromthe group consisting of ethyl, nethyl,
propyl, butyl, pentyl, hexyl, septyl, octyl, nonyl, decyl, undecyl,

dodecyl, phenyl, nethyl phenyl, and all isoners thereof. WO 2005/118605

PCT/ EP2005/ 005653 100 5. The conpound of any of the above paragraphs
wherein R is selected fromthe group consisting of Cl1 to C20 hydrocarbyl s,
C to C2018ubsilht aompoypiderfiang of drcibal¢ parhgrepier whdrbiame afid mbare fiee conpound of
any of the above paragraphs wherein R is selected fromthe 5 group

consi stind®8f ethyl, nethyl, propyl, butyl, pentyl, hexyl, septyl, octyl,
nonyl, degyl, medeﬁy&undmgpbmem&ewﬁm SRPVRISAW and Al aRl the | SONEr'S
thereof. 7. The conpound of any of the above par agr aphs wherein each Q and Q
is, indepg&neently, selected fromthe group consisting of d to C20

hydroc byls, t d.ald isgners thereof. 10 S.
The co%%o?nd o&1h %8m8§%gh é€g%ﬁ§§59$§dﬁA8vﬂ%&zﬁﬁ %%ﬁadféﬁﬁsﬁp|s
i ndependentl vy, mebempadadfdfmﬂybhpa@gﬁpns D-0BSA(Bér A1owidreif i ydd mh@e hyl , propyl,

butyl, pentyl, hexyl, septyl, octyl, nonyl, decyl, undecyl, dodecyl,
phenyl, mef PBhenyi and al | isoners t hereof 9. The conpound of any of the

above par agr aphse Whep&idd Fo&ly a?agraﬂﬁs 'ln@eﬁﬁﬁpﬁi‘%&{mlrﬁﬂ £angd, L romthe
gup consi sting of chlorlne omné, fludrine, nmethyl, ethyl, propyl,
sopr opyl dififeyestl |t - but yl , pentyl hexyl, phenyl, and nethylphenyl

10 24,  The compound of any of paragraphs 1-20, 22 or 23 wherein Q and Q' are
different.

25.  The compound of any of the above paragraphs wherein each R, R', Q and Q' is
independently selected from the group consisting of hydrogen, methyl, ethyl,
isopropyl, and phenyl.

15 26. A catalyst system comprising activator and a transition metal catalyst
compound of any of paragraphs1-25.

27.  The catalyst system of paragraph 26 wherein the activator is an alumoxane.
28.  The catalyst system of paragraph 26 wherein the activator is a non-
coordinating anjon.

20 29.  The catalyst system of paragraph 26 wherein the activator is selected from the
group consisting of trimethylammonium tetraphenylborate, triethylammonium
tetraphenylborate, tripropylammonium tetraphenylborate, tri(z-butyl)ammonium
tetraphenylborate, tri(ferf-butyDammonium tetraphenylborate, N,N-
dimethylanilinium tetraphenylborate, N,N-diethylanilininm tetraphenylborate, N,N-

25 dimethyl-(2,4,6-trimethylanilinium) tetraphenylborate, trimethylammonium
tetrakis(pentafluorophenyl)borate, triethylammonium
tetrakis(pentafluorophenyl)borate, tripropylammonium
tetrakis(pentafluorophenyl)borate, tri(n-butyl)armmonium
tetrakis(pentafluorophenyl)borate, tri(sec-butyl)ammoniom



10. The conpound of any of the above paragraphs wherein each X is,

I ndependently, selected fromthe group consisting of chlorine, brom ne,

f1 uori ndVO0 2808/14860%y| , et hyl, propyl, isopropyl, butyl, RCHEP3005/605685PENt VI .
11. The conpound of any of the above paragraphs wherein L is an aryl group.
12. The conpound of any of the above gparagraphs wherein z and z' are the
sane. 13. The conpound of any of the above paragraphs wherein z and z' are
zero. 14. The conpound of any of paragraphs 1-12 wherein z and z' are 1. 25
15. The conmpound of any of paragraphs 1-12 wherein z and z' are 2. 16. The
compound of any of paragraphs 1-12 wherein z and z' are 3. 17. The conpound
of any of paragraphs 1-11 wherein z and z' are different. 18. The conpound
of paragr @ghkis&’mmﬂempheml]bgrmﬂ*bNedinheﬂfylanﬂilﬁumV\o 2005/ 118605

PCT/ EP2005/ 0P5653. ~101 19. .The c 0 f..any of the above paragraphs

wher ei n m%gﬁ%sﬁ\@?ﬂgoﬁoﬁémyéﬁﬁﬁw’ %‘%Y@B%Hﬁ%d of any of the above

par agr aphgtrakie hﬁﬂ%ﬁﬁﬁergl)b@ga@e NIR-dim@thl-(B4,8 imENs éjﬁﬁlﬂﬁﬁ&iyd of any of the
an

151
above par a%;g_p s wherein Q ‘are the same. 22. e compound of any of
par agr aph¥takis@entafueiophanyilberats, rimethylgmmnongyme tetekist@Bho- 23. The conpound

of any .of Bﬁﬁ - A Lelh. M are different. t o 24.
The corsrpohn g&ﬁ%%igﬁoﬁ?’até%%%gﬁq%& %gyz?étﬂ%erei n Qand Q are

di f f er ent tetrafluorbpigengbpraty) eHpabpAmimohivkhrrakie(g3dag-agr aphs wherei n each R,
R, Qand Q _is Jndependent]y selected from t;he2 group’ consi sting of

hydr ogen, Sfafligrppheayhpprate, rgrybdigmmotiemeisia-(2 34026, A catal yst system
CONDI i Si N AR YA BAR Al @RS SRty TRhdhorkdh Mkkts-(20paRoUNd of any of

par agr aphs 1-25.
tetrafluorophenyl)borate, N,N-dimethylanilinium tetrakis-(2,3,4,6-

10 tetrafluorophenyl)borate, N,N-diethylanilinium tetrakis-(2,3,4,6-
tetraflnorophenyl)borate, N,N-dimethyl-(2,4,6-trimethylanilinium) tetrakis-(2,3,4,6-
tetrafluorophenyl)borate, trimethylammonium tetrakis(perfluoronaphthyl)borate,
triethylammonium tetrakis(perfluoronaphthyl)borate, tripropylammonium
tetrakis(perfluoronaphthyl)borate, tri(n-butyl)ammonium

15 tetrakis(perfluoronaphthyl)borate, tri(tert-butyl)ammonium
tetrakis(perfluoronaphthyl)borate, N,N-dimethylanilinium
tetrakis(perfluoronaphthyl)borate, N,N-diethylanilinium
tetrakis(perfluoronaphthyl)borate, N,N-dimethyl-(2,4,6-trimethylanilinium)
tetrakis(perfluoronaphthyl)borate, trimethylammonium

20 tetrakis(perfluorobiphenyl)borate, triethylammonium
tetrakis(perfluorobiphenyl)borate, tripropylammonium
tetrakis(perfluorobiphenyl)borate, tri(z-butyl)ammonium
tetrakis(perfluorobiphenyl)borate, tri(fer¢-butyl)ammonium
tetrakis(pérﬂuorobiphenyl)borate, N,N-dimethylanilinium

25 tetrakis(perfluorobiphenyl)borate, N,N-diethylanilinium
tetrakis(perfluorobiphenyl)borate, N,N-dimethyl-(2,4,6-trimethylanilinium)
tetrakis(perfluorobiphenyl)borate, trimethylammonium tetrakis(3,5-
bis(trifluoromethyl)phenyl)borate, triethylammonium tetrakis(3,5-

bis(trifluoromethyl)phenyl)borate, tripropylammonium tetrakis(3,5-



27. The catal yst system of paragraph 26 wherein the activator is an

al unoxan catal yst system of paragraph 26 wherein the activator is
a non- gqgﬁ'?ﬂl%ﬂ% anion. 20 29. The catal yst system of€ B‘Q':IP&‘&S S %6
wherein the activator is selected fromthe group consisting of

tri met hyl ammoni um t et raphenyl borate, 163 et hyl ammoni um t et raphenyl bor at e,

tri propyl ammoni um t et raphenyl borate, tri(n-butyl)anmmoni um

tetraphenyl borate, tri(tert-butyl)ammoni umtetraphenyl borate, N, N

di met hyl ani i ni um t et raphenyl borate, N, N-diethylaniliniumtetraphenyl borate,
N, N 25 dinethyl - (2,4, 6-trinethylanilini un) tetraphenyl bor at e,

et raki ( AR Tom e BHDR R DB atee i B SR ettrs s, 5. 1 1Y AT U
tetrakis
Lot 1 ak o( o B i "o 2005/ 118605

PCT/ EP2oowlqmgeomqml)plmnwhm(epbm -aﬁm@tbyl@mhenw tebrokiaf3es-

Nl et by ST O b Rk o R R AR e ™
NN- di e h%ls(&riﬂlfar&néﬂlyngidﬁyl B@ﬂa’ce' rmmnlemﬂtgammmanpﬁﬁlhxumphenyI ) borate,

trimethyl anmoni um tetr akis- tetraf |l uorophenyl) borate

triethyl arﬁ?ﬁ#ﬂﬁﬁﬁz5r'él§@%ﬁl‘i@f)’(ﬂzthxl)Iﬂh@-yl)b@ﬂeaflﬂ“mﬂ*!éfﬁhﬂmmwm e,

tripropyl 4 | ) bor at e,

tr: (pn- Eﬁt y: Ean’r@%}%@n&{r l()go%f ?ﬁr %ﬁ:ﬁc{l@ﬁléﬁ uop%g%e)nyl ) bor at e,

di et hyl (ttetrakih(pemhﬂmnmm)bcbmteg &l(d—sd&]apk&sldh(ﬁnmrﬂt raf | uor ophenyl ) bor at e,
N, N- di met h | S-(2 , 6- 10 tet tht
NN i ot hy | SRR R EpRisey Soqiatesird 2 6 ety e FEOROBRERT o ot 0,

N, N- di net higlrakidpént@iddrbpRibybaaic! irbhillfiin fahpirblBofats, %ﬂleﬁylcarbemum

tetrafl uorophenyl )borate, trinet hy | ‘ammoni um

t et r aki s( plerenheaylbpmish tighenplphegphoniupy teisanhyny hersie tipthylsitylium
S R N0 S T
tetrakis(pentafluorophenyl)borate, triphenylcarbenium
tetrakis(pentafluorophenyl)borate, triphenylphosphonium
15 tetrakis(pentafluorophenyl)borate, triethylsilylium tetrakis(pentafluorophenyl)borate,
benzene(diazonium) tetrakis(pentafluorophenyl)borate, tropillium tetrakis-(2,3,4,6-
tetrafluorophenyl)borate, triphenylcarbenium tetrakis-(2,3,4,6-
tetrafluorophenyl)borate, triphenylphosphonium tetrakis-(2,3,4,6-
tetrafluorophenyl)borate, triethyisilylivm tetrakis-(2,3,4,6-tetrafluorophenyl)borate,
20 benzene(diazonium) tetrakis-(2,3,4,6-tetrafluorophenyl)borate, tropillium
tetrakis(perfluoronaphthyl)borate, triphenylcarbenium
tetrakis(perfluoronaphthyl)borate, triphenylphosphonium
tetrakis(perfluoronaphthyl)borate, triethylsilylium tetrakis(perfluoronaphthyl)borate,
benzene(diazonium) tetrakis(perfluoronaphthyl)borate, tropillium
25 tetrakis(perfluorobiphenyl)borate, triphenylcarbenium
tetrakis(perfluorobiphenyl)borate, triphenylphosphonium
tetrakis(perfluorobiphenyl)borate, triethylsilylium tetrakis(perfluorobiphenyl)borate,
benzene(diazoniun) tetrakis(perfluorobiphenyl)borate, tropillium tetrakis(3,5-
bis(trifluoromethyl)phenyl)borate, triphenylcarbenium tetrakis(3,5-



15 tetraki s(perfluoronaphthyl)borate, tri(tert-butyl)amoni um

tetraki s(perfl uoronapht hyl)borate, N, N-di nethylanilinium .

t et r aki ﬁ‘g%‘?ﬂﬂlﬂiﬁ%napht hyl Yborate, N, N-diethyl anilini un§CT/EP2005/005653
tetraki s(perfluoronaphthyl)borate, N, Ndinethyl-(2,4,6-trimethylanilinium
t et r aki s(perfl uoronapht hyl )borate, tri0dethyl ammoni um 20

t et raki s(perfl uorobi phenyl)borate, triethylanmoni um

t et raki s(perfl uorobi phenyl)borate, tripropyl ammoni um

t et r aki s(perfl uorobi phenyl )borate, tri(n-butyl)anmmonium

tetraki s(perfluorobi phenyl)borate, tri(tert-butyl)amoni um

t et r aki fl bi I te, N i met hyl ani | | ni 25
et raki o BERTEREramA PP BEr SRt gRieprn ok
t et r aki :E gg(ﬁhug{og{gﬂm%yﬁ}.)lgggfa@gﬁﬁe AR tdbki( 254, 6-trimethyl anilinium

t et r aki erfluorobi phen),’l)borate, trinethyla nium t et raki s(3, 5-
bi s(trif| bistofiwotepietipphynylborade, end benzenbigicmmion) uetrakit(3,.8ki s( 3, 5-

bis(triflyoronet hyl | Yporate, tripropylanmoniumtetrakis(3,5 WO
2005/ 118657‘5;&5@?@%%}8‘@%3 : 8”%3103 bi s(trifluoromethyl)phenyl)borate,
tri (n-But gb) ammascatalykedyErin of parapraphi 26(Whdrbinibé SitRatby s enerd fdatad e,
tri(tert-butyl)amoniumtetrakis(3,5- bis(trifl uorometr;a/l )phewl bor at e,

N, N- di et Bsugisonsisfingnef; & Nadimsthslapilingumn tetralisrsflapnephgny) ohmts N.Nor at e,

N, 0 i b0l MOGSRRLAabRARRY ) PO 2t o

NN- di nr et

t et r aki s( &takbiistfludrbbiphengiypddatel Nolehyikibhiphihilirdumdstrakisgfi5pr opyl ) anr noni um
t et raki s(pent.af | uor ophenyl ) borate, .and. di cycl ohexyl ammoni um

tetrakis( 8@@%?‘(?8?%&@%‘!& grake &iphanyte r-bteéP_W) phosphoni um _

tet r akjos ( RARRIHONAONRILDIGER! RiptehjibabSnidiet hyl phenyl) phosphoni um 10
tetraki s(pentafl uorophenyl’)borate, tropilliumtetraphenyl borate,

E rE[ pheﬂyl tstinbistricgiorplipheny b‘?rweb_tmﬁl@@ﬂwbmih@ﬁ?ﬁﬁﬂ%@?honi um
et raphen i - wv| bor at e,
benzene( APSAAREb St B ML Bbatd, efiftrigtEhi BRBERID

tetra(perfluorophenyl)borate.

31.  The catalyst system of paragraph 26 wherein the activator is selected from the

15 group consisting of: methyl alumoxane, modified methyl alumoxane, ethyl
alumoxane, iso-butyl alumoxane, triphenyl boron, tris-perfluorophenyl boron, tris-
perfluorophenyl aluminum, dimethylanilinium tetrakis perfluorophenyl borate,
triphenyl carbonium tetrakis perfluorophenyl borate, dimethylanilinium tetrakis
perfluorophenyl aluminate, and trisperfluoronaphthyl boron.

20 32, A method to polymerize unsaturated monomers comprising contacting one or
more monomers with the catalyst system of paragraphs 26-29.

33. The method of paragraph 32 wherein the monomer compsises one or more
olefins.
34.  The method of paragraph 33 wherein the olefins comprise ethylene.

25 35, The method of paragraph 33 or 34 wherein the olefins comprises propylene.
36. The method of paragraph 32, 33 or 34 wherein the polymerization occurs in
the gas phase.

37. The method of paragraph 32, 33 or 34 wherein the polymerization occurs in

the solution phase.



t et raki s(pent af | uorophenyl ) borate, triphenyl carbeni um

tetraki s(pentaf | uorophenyl)borate, triphenyl phosphonium 15

t et r aki sﬁ"g@ﬁ?(ﬁf 118688 ophenyl Yborate, triethylsilylium PCT/EP2005/005653
t etraki s(pent afl uorophenyl )borate, benzene(di azoni um

t etraki s(pentafl uorophenyl)borate, trogjsl |iumtetrakis-(2,3,4,6-
tetrafl uorophenyl )borate, triphenyl carbeniumtetrakis-(2, 3,4, 6-
tetrafl uorophenyl)borate, triphenyl phosphoniumtetrakis-(2, 3,4, 6-
tetrafl uorophenyl)borate, triethylsilylium
tetrakis-(2,3,4,6-tetrafl uorophenyl)borate, 20 benzene(di azoni um
tetrakis-(2,3,4,6-tetrafl uorophenyl)borate, tropillium

t et r aki s( pé8f | uGhe megitdnyflpplrprathed?, 83 ophewlitreirthe polymerization occurs in
t et r aki s(pg{f lluorgliLiié ht hyl ) borate, triphenyl phosphoni um
tetrakis(p ghthyl)borate triethylsilylium

tetraki s(pgof | ugneappyd vl paRoralg 32 t@?@%ﬁ&%ﬁrﬁh@é@l@’hﬁ%ﬁm occurs at a
tetraki s(perfluoronapht hyl’)borate, tropillium 2

t et r aki s( ptampegasnestabphey FQ bod apesssure a‘:p:lved;MEar beni um

tetrakis fluqro en has ni

tetraki s5§ ngfl ug‘r%(g}qg‘ el?f%’figube%ya{hgme% ok %/gﬁ’%ﬁ‘é%ﬁ‘% 3320,

tetrakis(paunfl meii’tuﬂbﬁﬂﬂa)lﬁ)ﬁbﬁlfr@com&fsﬂigﬁﬁgﬁﬁ O0f phf graph 40.

tetraki s(perfluorobi phenyl)borate, tropillium tetrakl s(3, 5-

bis(trifl ué?orretAh‘? thath &nOHEBReTIICE MeTOmIsh SAPPEHRH M RAAIEERERICE vih5s WO

20051118609, RGH S%Qéﬁg@g%ﬁg,f a]r%g‘} @Ssz ty;i f1 uor onet hyl ) phenyl ) bor at e,
on| a |s(%, z

~ triphenyl phosp tetr trifluoromnethyl)phenyl)borate,
trilet hyl si B§! i usmntdigoaiec pe(dB8eSby Biestdathod dfiparagraphgl ) phenyl ) borat e, and

benzene( di gzoni .etrakis bis(trifluoronmet hen borate. 5 30.
The cat 3y tﬁ sy&ﬁ#‘@ éégglﬁ tholﬁ%oén%c P%i% H‘% sel ected from
t he group consi sting of N N- di et hyI ani linium

t et r aki s(perfl uorohen I)borate N, N di n'eth | ani [ inium

t et r aki s( pdeiisl SIS 3. AP P ni um

tetrakis( p%fﬂe‘%@l‘i&?ﬂn@*ﬁ&%ﬂli@@fcﬂ& ﬁleﬂNl '}hdi's %Fh%&ﬁ@h& PH'lé’;SoHehﬁ". rakis(3, 5-

bi s(trifluoromethyl)phenyl)borate, tri phenyl car Beni um 1

t et r aki s( p@hf prasewnmysinting is) Hlosteated intthe phlewyigcexametisum

15  Preparation of linker {L)

The electrospray (ES) mass spectra were recorded using a micromass Quattra L.C mass
spectrometer with dichloromethane or methanol as the matrix [Masslynx software.
open-access autosampler injection]. The infrared spectra were recorded with Universal
ATR sampling accessories on a Perkin Elmer Spectrum One FTIR instrument. 'H and
20 C NMR spectra were recorded at ambient temperature on a Bruker ARX spectrometer
250/ 300 MHz; chemical shifts (ppm) are referred to the residual protic solvent peaks.
The reagents 2,6-dimethylaniline, 2,6-diisopropylaniline, 2,3,5,6-tetramethyl-benzene-
1,4-diamine, formaldehyde (37/40 wt. % solution in water),
cetyltrimethylammoniumbromide (CTAB), benzaldehyde, palladium on carbon paste
25 (5%), p-bromobenzaldehyde, p-hydroxybenzaldehyde, p-isopropylbenzaldehyde and p-
nitrobenzaldehyde were purchased from Aldrich Chemical Co. and used without
further purification. Formic acid (98%) was purchased from Fisons PLC and used
without further purification. The compounds, 4-bromo-2,6-dimethylaniline [H. Suzuki,
K. Nakamura and M. Takeshima, Bull. Chem. Soc. Jpn., 1971, 44, 2248], 4-bromo-2,6-



tetraki s(perfluorobi phenyl)borate, triphenyl carbeni umtetrakis(3,5-

bi s(trifluoronethyl)phenyl)borate, and tri phenyl carbeni um

tetra( peWﬂl?%’b’g?ﬁényl Yborate. 31. The catal yst system ofPCHEPONSAOF6526
wherein the activator is selected fromthe 15 group consisting of: nethyl
al unoxane, nodified nmethyl al unoxane, l@%hyl al unoxane, iso-butyl al unoxane,
tri phenyl boron, tris-perfluorophenyl ron, tris- perfluorophenyl alum num
dimethylaniliniumtetrakis perfluorophenyl borate, triphenyl carbonium
tetrakis perfluorophenyl borate, dinethylaniliniumtetrakis perfluorophenyl
al um nate, and trisperfluoronaphthyl boron. 20 32. A nethod to pol ynerize
unsat urated nononers conprising contacting one or nore nononers with the

catal yst sjgbsdhPbniiAé PO PRt 29 FRSK. ﬁ‘?aﬁ%"ﬁ%toﬁﬁll@@ﬂ%eﬁz wher ei n

t he nonomer conpsi ses one or nore ol efins. he met hod of paragraph 33
wher ei n t Hb JoLi temstemcanﬁrﬂ %Sehﬂwk,efné’rg@@n% Charre HRO3h4RP, dBSweragr aph 33 or

34 V\/nerel fins c rlse 36. The net hod of paragraph 32,
33 or \rbné raé?&)ac%%rdm tP?% fedé%urg%l llitrl%esl n the gas phase. 37. The net hod

of paragraph 32, 33 or 34 wherel n the polynerization occurs in the solution
phase. WD _2005/ 118605 PCT/ EP2005/ 005653 105 38. The nethod of paragraph 32,
33 or 3 WREAMBLHhe pol ymerization occurs in the slurry phase. 39. The

met hod of r_é_&ga%%\[/ gﬁt% i%,ﬂt %t%ﬁné’ﬂ?ﬁﬁi%@nilmfpcﬂé%%rp ;:gt ion occurs at a
tenperatu € /0 C and a pressur 40. A pol yner produce
by the netCGwopmhddnyaspreparedgsapithe fideddure ddscribed anR.iBaneiedd ambP¥lact ur e
conprising,the e ra h 40 t.hod t o oligonerjze a
mononer g?ﬂj"l“r §F‘?‘fb¥s§o ﬁu?ﬁdgfcls ?ﬂamﬁ%%ﬁ%@%&q ﬁlmﬁ/%hgg%‘ﬁll%{%qo %fgtf’élﬁi) f any of
par agr aphsc2£831.00 g, 5.5 mmol, 0.11 eq.), 5% palladium on charcoal (0.80 g, 50% paste),

10 sodium hydroxide (21.1 ml, 8.0M, 0.169 mol) and sodium formate (2 x 3.40 g, 100

mmol, 2 eq.) in water (30 ml).

EXAMPLE 2
Preparation of 3,3°,5,5°-tetraisopropylbiphenyl-4.4’-diamine (1b

15 A mixture containing 4-bromo-2,6-diisopropyltaniline (12.80 g, 50 mmol), CTAB (2.00
g, 5.5 mmol, 0.11 eq.), 5% palladium on charcoal (0.80 g, 50% paste), sodium
hydroxide (21.1 ml, 8.0M, 0.169 mol) and sodium formate (3.40 g, 50 mmol, 1 eq.)
was mixed in water (30 ml) and heated to reflux for 4 hours. A further quantity of
sodium formate (3.40 g, 50 mmol, 1 eq.) was then added to the boiling solution and the

20 reaction mixture stirred vigorously under reflux for a further 20 hours. The reaction
mixture was cooled to room temperature, the solid filtered off and the residue washed
with copious amounts of chloroform. The organic phase was separated from the
aqueous layer and dried over magnesium sulfate. The organic phase was rapidly
filtered through silica and the silica washed several times with chloroform. The filtrate

25  was concentrated, distilled under reduced pressure at 150 °C (0.1 mmHg) to remove the
remaining 2,6-disopropylaniline to give 1b as a dark reddish solid (0.52 g, 5.2%).

Recystallisation of 1b was achieved from hexane.



43. An oligoner produce by the method of paragraph 42. 10 44. An article of
manuf acture comprising the oligomer of paragraph 43. EXPER MENTAL -
SYNTHES| &@R"5 rTE““&?ATALYSTS In the following fornul ae Me PCIER2QIHIPSESI Pr i s

i sopropyl, and Ph is phenyl. The present invention is illustrated in the
fol l owi ng exanples. 15 Preparation of jhhnker (L) The el ectrospray (ES) nass
spectra were recorded using a nlcronass Quattra LC nmass spectronmeter with
di chl or onmet hane or nethanol as the matrix [Msslynx software. open-access
aut osanpl er injection]. The infrared spectra were recorded with Universal
ATR sanpling accessories on a Perkin El nmer Spectrum One FTIR instrunment. 1H
and 20 13C NMR spectra were recorded at anbient tenperature on a Bruker ARX
spect r omet €ompaikil 1b: mm&specthﬁmmamsslﬁM-Pﬂﬂ (¥Rpoin 5y MM 3368 @BH);0 'Hhe

x S??Loﬁﬁr@b@ﬁaﬁ%ﬁﬁgtl 3 o @46H;r oA e 2 o, Mo RIS

(CTaB) < ChendaCrAfanity 25 6 i SHED SRR ACHI S el B RS0 om e
(5%, p- br oaoaeﬂwﬂptsy@q)pimm(pwgemm&e qsﬁil&qmomlmnmj delyde and

p- nitrobenzal dehyde were purchase from Al em cal Co. and used

wi t hout 5 f (frsieN2hepleck iceﬁii‘)&nH, Hb151M6 751 Eo‘e@h% 8%d$; Bul®®udbd- 1o Fi sons
PLC d t.h
o br orro- 2. Etjisth o SHbtel a1 K o Bk By (EAARITRURARG] ehe el gy

Chem Soc. tpa., 1971, 44, 2248] 4-brono-2,6 WO 20051118605
PCT/ EP20051005653 106 diisopropylaniline [J. H OGskam H H Fox, K B.
Yap, D. H MConville, R QDell, B. J. Lichtenstein and R R Schrock, J.

Or ganonet . Egy@@pLEg993 459, 185] were prepared according to the indicated
journal art |cles EXANPLE 1 Preoaratlon of

3,3 ,5118 -F Conpound | a was prepared

using the Rrxﬁﬁcﬁﬂgétgo:l%%%ﬁézblgﬁ%aﬁ&[ @’esm% 93(?8}11165 J. ng &é"&{" o§y“§§f5' S

1978, 537 usi ani ' ne
114, 53 03, was employed. To a solutlon of 2,6- dlmethylamhne (10. OO g, O 083 mol)

and formaldehyde (4.03 g, 0.054 mol, 0.65 eq.) was added dilute hydrochloric acid (2.2

ml, 0.1 M). The biphasic solution was stirred at 70 °C overnight. The dark reddish

15 solution was left to cool to ambient temperature and diluted with dichloromethane (15

ml). The minimum amount of concentrated hydrochloric acid (2 ml) was introduced

and the solution stirred at room temperature for 2 hours before being filtered. The

white salt coliected was washed thoroughly with dichloromethane and air-dried. The

salt was suspended in diethyl ether (70 ml) and stirred with an aqueous solution of

i 20 saturated sodium hydroxide until the dissolution of the solid. The aqueous phase was
extracted with diethyl ether (2 x 70 ml) and the combined organic phases dried over
magnesium sulfate, filtered and concenirated under reduced pressure to give 2a as an

orange solid (8.97 g, 86%).

25 EXAMPLE 4

Preparation of 4,4'-methvlenebis(2.6-diisopropylaniline) (2b)

To a solution of 2,6-diisopropylaniline (5.00 g, 0.028 mol) and formaldehyde (1.38 g,
0.018 mol, 0.65 eq.) was added dilute hydrochloric acid (2.2 ml, 0.1 M). The biphasic

solution was stirred at 110 °C overnight. The dark reddish solution was allowed to cool



CTAB (2.00 g, 5.5 nmmol, 0.11 eq.), 5% palladiumon charcoal (0.80 g, 50%
paste), 10 sodium hydroxide (21.1 m, 8.0OM 0.169 nol) and sodiumformate (2
X 3.40 gVYOPOOS/1I86RS 2 eq.) in water (30 m). EXAVPLE 2PETAER2008/005883 Of

3,3 ,5,5 -tetrai sopropyl .bi phenyl -4,4"'-diam ne (I b) 15 A m xture contai ni ng
4- br ono- 2, 6-di i sopropyl aniline (12. 80‘(93, 50 mmol ), CTAB (2.00 g, 5.5 nmol,
0.11 eq.), 5% pall adium on charcoal (0.80 g, 50% paste), sodium hydroxide
(2.1 m, 8.0OM 0.169 nol) and sodiumformate (3.40 g, 50 mmol, | eq.) was
mxed in water (30 m) and heated to reflux for 4 hours. A further quantity
of sodiumformate (3.40 g, 50 mol, 1 eq.) was then added to the boiling
solution and the 20 reaction m xture stirred vigorously under reflux for a

further 2 beblept tdhgeriters ah® liludd vithedivisrdaethAR {1 mP THMMEhAr e, the
solid filtered off and the residue washed w th copious anmounts of

chl or of or AowK of sppeenirated hydrochipsic asiAZanb avasrasided pad theoliios stigipd et and

dried ove gg@% fate. T i.C .ap] filstered
t hr ough sholmga néé{ ﬁiwsri ilguelllrgf/\gg{?g%gg@ ei?g%} 'ﬁn@%%&{l@héﬁ ((})I}egh()ir 'rgr']agThe
filtrate #ashsdsthoongidntwith elichlchosteihzhe dndintadriade dThe dalp mes stuspendéd #50 C (0. 1

nmMHg) to re e the_ _renmining. 2,6-djsopropylaniline tqQq give |b as a dark
reddi sK s ne%}y(@ﬁszﬁg, .z%i.ﬂﬂﬁécw T} 3G HEque nsltion, ofsatusated SOEMT r om

h . ; 7 : t
2353 | Ty ne o ofipicl? EREbMBARIAD sl THORRAAS pi: a0 fRRAGPPOC T O
H, 3J( HH) withaliety( €hpr2(2 2 702m)s dpt condtinedCbXeBri®) Pases SridD ofdr paghidsio?) , 7. 11

, 4H, Ar-H); 13C N | ' ted d | 8 21. . , 27.1
(5 orf e Songhicd 58 pinder o) SE5T R B o8 s L R anai | s
(C25H38N2y0%pl cd: C, 81.97; H, 10.38; N, 7.65. Found: C, 82.18; H 10.09; N,

7.79% In addition, a single crystal X-ray diffraction study of |b has
confirl®ed the structural type. EXAMPLE 3 10 Preparation of

4, 4" - met hyb SRER S 1S HlaBRLEARI HiAgd7 MBI IR (em™), 3475, 3384 (N-H); 'H
NMR (CDCL), § 1.14 (d, 24H, *XHH) 6.7, CH(CHs)), 2.82 (sept, 4H, CH(CH3)), 3.46
(br, 4H, NH,), 3.76 (s, 2H, CH,), 6.77 (s, 4H, Ar-H). ®C NMR (CDCls, 'H gated
decoupled), & 21.5 (s, CHs), 26.9 (s, CH), 40.2 (s, CH,), 122.2 (s, Ar), 130.5 (s, Ar),
15 131.5(s, Ar), 136.9 (s, Ar). '

EXAMPLE 5
Preparation of c.o-bis(4-amino-3.5-dimethylphenyl )t.oluene (3a)
A modification of the preparation described in C. A. Hunter, J. Am. Chem. Soc., 1992,
20 114, 5303, was employed. To a solution of 2,6-dimethylaniline (5.00 g, 0.041 mol) and
benzaldehyde (5.65 g, 0.053 mol, 1.3 eq.) was added concentrated hydrochloric acid (5
ml). After stirring for one night at 140 °C, the dark green solution was allowed to cool
to ambient temperature and diluted with dichloromethane (15 ml). The minimum
amount of concentrated hydrochloric acid (2 ml) was introduced and the solution
25 stirred at ambient temperature for 2 hours before being filtered. The yellow salt
collected was washed thoroughly with dichloromethane and air dried. The salt was
suspended in diethyl ether (70 ml) and stirred with an aqueous solution of saturated
sodium hydroxide until the complete dissolution of the solid. The aqueous phase was

extracted with diethyl ether (2 x 70 ml) and the combined organic phases were dried



A nodification of the preparation described in C. A Hunter, J. Am Chem

Soc. 03, was enployed. To a solution of niline
(10. 00 g,%g%z??éé“f%?) and fornal dehyde (4.03 g, 0.054 n%F%Eg”'@‘g"E%?

added dilute hydrochloric acid (2.2 nil, 0.1 M. The biphasic solutlon was
stirred at 70 C overnight. The dark radgi sh 15 solution was left to cool to
anbi ent tenperature and diluted with dichloronethane (15 mnl). The m ni num
anount of concentrated hydrochloric acid (2 m) was introduced and the
solution stirred at roomtenperature for 2 hours before being filtered. The
white salt collected was washed thoroughly with dichloronethane and
air-dried. The salt was suspended in diethyl ether (70 m) and stirred with
an aqueouso¥smasnsriunisufere and coneentmated wideatitpardireesura fRtaive Ites apWBIS! ut i on
of the sol [ 44 ngg ﬁggpous phase was extracted with diethyl ether (2 x 70
m) and the éo h organi ¢ phases dried over nmagnesiumsulfate, filtered
and concentrated under reduced pressure to give 2a as an orange solid (8.97

g, 86%. 2%4 Preparation of 4 4'-nethyl enebis(2

6-di i sopro (2b) To a solutlon of 2 6- di i sopropyl aniline (5.00 g,
0. 028 mgl) . : %gp g :ﬁq ) was added dilute

hydrochl orrc acl toluchet3 on was stirred at 110
C overni ghfo aTdothdmrdf :?r@dﬂso@tnwﬁmlineqrj Ofdgs 0028anel)l ahd berralded¥d 2GR/ g,18605

PCT/ EP2005 08 to a ent te nd di | uted

dichloroneéﬁga 13- ‘ﬁ)“ﬁﬁé ‘%?ﬂﬁ %ﬂﬁbﬂﬁo ?Iﬁbﬁﬂg )mh%ﬁﬁﬂmﬁﬁﬁlorlc
acid (2 n i@ @QQQHT@%IR@@C %Qérﬁfghpf’l‘hétrés‘iﬂtﬁﬁ cﬁEk e&?&lﬁﬁé@&é@élw&%df or 2
hours before being filtered. The white salt collected was washed thoroughly

wi th di chl r enelt karfenbisnd igmpeniire and THduted | withalichderomethdeel (Lh BidiThehy|
et her .(éo Hﬁrllﬂﬁﬂf Sbit o‘?‘éo}fﬂekgat@@h FIERbTC E&@K%hg&v?% &%%@h’r“edsoﬁﬁ%um

hydr oxi de unt e Conpl &te disso utlon 0 e aqueous phase was
extracted stwretdhatjambiwt terbeeatufe2fox Zmomﬂs)befmﬂaebedmgﬂﬁiltaed ofbankelophabes dried

over rmgnesIlﬂfﬁeds\gas;_%%%eangaq%lgﬁ:[)e/n&nrtﬁtdle?ﬂol'rlgggt argeegn air &eﬁsﬁﬂe saltt wa%l ve 2b

as a purpl &
suspended in diethyl ether (70 ml) and stirred with an aqueous solution of saturated

sodium hydroxide until the complete dissolution of the solid. The aqueous phase was
15 extracted with diethyl ether (2 x 70 ml), the combined organic phases dried over
magnesium sulfate and concentrated under reduced pressure to give 3b as a pale blue

solid (1.52 g, 24%).

Compound 3b: ES mass spectrum, m/z 443 [M+H]"; IR (cm™) 3474, 3442, 3371 (N-
20 H); '"H NMR (CDClh), & 1.10 (d, 24H, *J(HH) 6.7, CH(CH))), 2.81 (sept, 4H,
CH(CHs)), 3.54 (br, 4H, NH,), 5.20 (s, 1H, CHPh), 6.76 (s, 4H, Ar-H), 7.0-7.2 (m, 5H,
Ax-H); *C NMR (CDCls, 'H gated decoupled), & 23.0 (s, CHs), 28.4 (s, CH), 57.0 (s,
CH), 124.4 (s, Ar), 125.9 (s, Ar), 128.3 (s, Ar), 129.7 (s, Ar), 132.7 (s, Ax), 135.0 (s,
Ar), 138.3 (s, Ar), 146.7 (s, Ar).
25
EXAMPLE 7

Preparation of aa-bis(4-amino-3,5-diiscpropylphenvl)-4-bromotoluene (4)

To a solution of 2,6-diisopropylaniline (5.00 g, 28.7 mmol) and p-bromobenzaldehyde
(3.38 g, 18.3 mmmol, 0.65 eq.) was added concentrated hydrochloric acid (1 mi). The



10 Conpound 2b: ES mass spectrum ns/z 367 [MH] +; IR (cm'), 3475, 3384

(N-H); ! 13), S 1.14 (d, 24H, 3J(HH) 6.7, CH sept,
4H, m(éié)“wﬁé‘gﬁ (br, 4H NHZ), 3.76 (s, 2H, CH2), %’Qﬁ%’s‘“’g’ﬁgﬁﬁ( .
13C NWR (CDC13, 1H gated decoupled), S 21.5 (s, CH3), 26.9 (s, , 40 2
(s, CH2), 122.2 (s, Ar), 130.5 (s, Ardl0 t5 131.5 (s, Ar), 136.9 (s Ar).
EXAMPLE 5 Preparation of aa-bis(4-am no-3,5-di net hyl phenyl)toluene (3a) A
nodi fication of the preparation described in C. A Hunter, J. Am Chem

Soc., 1992, 20 114, 5303, was enployed. To a solution of
2,6-dinethy|ani|ine (5.00 g, 0.041 nDI) and benzal dehyde (5.65 g, 0.053

rsr:) : rring sg’ﬁﬂﬁéglﬂﬁgﬁ%gﬁggri%ﬁgé&&k@ ‘gE‘PaE\gor I“@Eﬂﬁfi"‘iﬂé&l&?/&gf“ Pvgﬁégrto cool

to anbi enEill&\%ﬂ)ﬁf@)bﬂfoearﬁiﬂ@nt(ibﬂ)‘s@rﬁ’tqré’ﬂnﬁ%ﬁté&hbiﬂf SHBEAEGRE The ifium The m ni num

anount of concentrated hydrochl oric aci mé was i ntroduced and the
sol uti on amoynt qfweucwa@dwmhhoeﬁp@dam dﬁdﬁndzthh@calngomsfrmd@t pmbiapt

i chil or oL ARl et bR At TG o IRRBHI Yo vt et ner (70

nm) and stthorrwgmwth cRIdréfgHB ahd ais atied. iTh selt was bukpahdd in Shidrefbanh yZH oxi de
until the conplete dissolution of the solid. The agueous phase was

ext r act ed Tl a1l stiresdith @ apmeoyssolutipn ofsaturated SPﬁ’émbBYﬂéPﬁéﬁl uptilghdi ¢ phases
f
were dried, ?e%?s%i&t%ﬁ%@ élf’ Ui galé(u ArG e %ngeﬂx\é@{ed'mm%r?@r% ate and

concentrated under uced pressur 0 gi've 3a as a purple - 11 g,
599 . EXANREnY, the Borepined biganicghases dried over magnesium sulfate and concentrated

au-bi s(4-amn 5- dIISO henyl,) sol ution of

2,6-dii soBg‘li’f‘rS CﬁWPﬁ‘P’F?éS gcb@xﬁgaﬁaé“}gtbﬁﬁ pgﬁﬁ% n‘g‘ﬁg‘l"ﬁehyde (3.82 g, 0.036
nDI 1103 eq.) was added concentrated hydrochlorlc acid (5 m). The biphasic
solutlon was stirred at 140 C overni i

The resulting dark, green sol ution
was al | ows@mpesn¢ oS mesuinsrEws. ’ti/é'nr’ﬂgl[wwe r&r(ﬂm:b ﬁ%ﬁﬁ@qﬁ)t H?Hi\’gﬁl or onet hane
(15 m ). IBBcly): 5 1.10 (d, 24H, >KHH) 6.7, CH(CHs),), 2.82 (sept, 4H, CH(CHj),), 3.56 (br,

4H, NH3), 5.20 (s, 1H, CHPh), 6.68 (s, 4H, Ar-H), 6.92 (d, 2H, *J(HH) 8.3, Ar-H), 7.27
(d, 2H, Ar-H); *C NMR (CDCl3, 'H gated decoupled), § 22.5 (s, CHa), 22.5 (s, CH3),
15  28.0 (s, CH), 56.0 (s, CHa), 119.3 (s, Ar), 123.8 (s, Ar), 130.9 (s, A1), 131.1 (5, Ar),
132.3 (s, A1), 133.8 (s, A1), 138.1 (s, A1), 145.5 (s, Ar); Anal. (Ca;Hy\N,Br) caled: C,
71.38; H, 7.94; N, 5.37. Found: C, 71.37; H, 8.04; N, 5.21%. In addition, a single

crystal X-ray diffraction study of 4 has confirmed the structural type.

20 EXAMPLE 8

Preparation of aa-bis(4-amino-3.5-diisopropylphenyl)-4-hydroxytoluene (5)

To a solution of 2,6-diisopropylaniline (5.00 g, 28.7 mmol) and p-
hydroxybenzaldehyde (2.24 g, 18.3 mmol, 0.65 eq.) was added concentrated
hydrochloric acid (1 ml). The biphasic solution was stirred at 120 °C overnight. The
25 resulting dark blue solution was allowed to cool to ambient temperature and diluted
with chloroform. The minimum amount of concentrated hydrochloric acid was added
and the solution stirred at ambient temperature for 2 hours before being filtered. The
whitish salt collected was washed thoroughly with chloroform and air dried. The salt

was suspended in chloroform (25 ml) and stirred with an aqueous solution of saturated



.10 m ni mum anount of concentrated hydrochloric acid (2 m) was added and the
sol ution tirred at anbient tenperature for 2 hours before being filtered.
The yel | dUA18603)| | ect ed was washed thoroughly with dPSARERMISOPHERe and
air dried. The salt was suspended in diethyl ether (70 m) and stirred with
an aqueous sol ution of saturated sodijgmn hydroxide until the conplete

di ssolution of.the solid. The aqueous phase was 15 extracted with diethyl
ether (2 x 70 m), the conbined organic phases dried over magnesium sulfate
and concentrated under reduced pressure to give 3b as a pale blue solid
(1.52 g, 249%. Corrpound 3b: ES mass spectrum mz 443 [MtH +; IR (cm 1)
3474, 3442, 3371 20 H; 1H NWR (CDCI 3), S 1.10 (d, 24H, 3J(HH 6.7,

CH(Ch )), sdimhy ;demmﬂ tl‘@lel@ﬁbl&)‘.e) dlssfbhﬁldbn(dﬁ the sdhid. Nhd2dquedisthageswasl H, CHPh)
6.76 (s, 4H 7.,0- 3C NMWR CD%}B 1H gat ed

decoupl ed) & %k%‘ﬂt dilo IQZ@)T‘ &528705“1{)&1’36?6"12’1”@; oAy ph(a 498, (s, Ar),
125.9 (s, ﬁ{a esﬁ&gsﬁfa&esandoécﬁncel&r%%d?unﬁ& redided phedduré td éweﬁ%ar&@ﬁ)lﬁ (s, Ar),
138.3 (s, Ar 146.7 (s, Ar). 25 EXAWPLE 7 Preparatl on of

aa- bi s( 4- afii- R T sopropyl phenyl ) - 4- br onot ol uene (4) To a sol ution of

2, 6-diisopropylaniline (5.00 g, 28.7 mmol) andp-bronpbenzal dehyde (3.38 g,
18 3 mmol, 0.65 eq.) was added concentrated hydrochloric acid (1 m). The
WO 2005/ 1186&5018@% EEFBQ[@@@S@@&&&% m/2 489 pmm*sm(am‘mmommmm Oy at 120 C
overni ght. The resul ti sol ution_was | owed to cool to anbient

t enper at ur @W&ppﬁ%dghlf’lﬁd ézl‘}i‘grﬂﬂgr) 7> ERECR ki rﬁﬁ%(sﬁﬁv‘ﬂﬁt CRA{CHdhcent r at ed
hyd hl t
PIGTEo o o PO L) B, LN 3T

for 2 hours g! IoW sal't ‘colTéct s Washed 5
t hér oughl y AwWED)7 emd;rmr (PﬂiHa)rSdZ aarrH;;cheNMRrﬁa)@aJ Y gaed ducspeladiest2d.

hl or of 25 d t turated sodi
Pydr oxi e (nCP: 2rS Caoipi ¢ & GICERo 1 (ob bt A4 (S oM Subles phase
was eX”aC(seﬂr)W'lﬁi‘?@"'AQ? qugwts(pzr) 197730(8%9){ 13E (S AN BEE (QraRniC phases

dried over magnesi um sul’fate ‘and concentra
addition, a single crystal X-ray diffraction study of S has confirmed the structural type.

EXAMPLE 9

15  Preparation of ce-bis(4-amino-3.5-diisopropylphenvl}-4-nitrotoluene (6)

To a solution of 2,6-diisopropylaniline (5.00 g, 28.3 mmol) and p-nitrobenzaldehyde
(2.77 g, 18.4 mmol, 0.65 eq.) was added concentrated hydrochloric acid (5 mil). The
biphasic solution was stirred at 120 °C overnight. The resulting dark green solution was
allowed to cool to ambient temperature and diluted with dichloromethane. The

( 20  minimum amount of concentrate(::l hydrochloric acid was added and the solution stirred
at ambient temperature for 2 hours before being filtered. The yellow salt collected was
washed thoroughly with dichloromethane and air dried. The salt was suspended in
diethyl ether (70 ml) and stirred with an aquecus solution of saturated sodium
hydroxide until the complete dissolution of the solid. The aqueous phase was extracted

25 with diethyl ether (2 x 70 ml), the combined organic phases dried over magnesium

sulfate and concentrated under reduced pressure to give 6 as a yellow solid (1.01 g,

10%).

Compound 6: ES mass spectrum, m/z 488 [M+H]" IR (cm™) 3394, 3478 (N-H), 1515,



under reduced pressure to give 4 as a pale blue solid (1.32 g, 45 10
Compound 4: ES mass spectrum nZ/z 522 [MtH +; IR (cm) 3392 (N-H); "H NWR
(CDO 3) ;W8 2005118¢0§  24H, 3J(HH) 6.7, CH(CH)2), 2.82 (seBET/ERHISOMEEH3) 2),
3.56 (br, 4H, NH2), 5.20 (s, 1H, CHPh) 6.68 (s, 4H, Ar-H), 6.92 (d, 2H,
3J(HH) 8.3, Ar-H), 7.27 (d 2H Ar-H 13C NNR(CDC13 H gat ed decoupl ed),
S 22.5 (s, CH3), 22.5 (s, 15 28 , 56.0 (s, CH3), 119.3 (s,
Ar), 123.8 (s, Ar), 130.9 (s Ar) 131. 1 (s Ar), 132.3 (s, Ar), 133.8 (s,
Ar), 138.1 (s, Ar), 145.5 (s, At); Anal. (C31H4,N2Br) calcd: C, 71.38; H,
7.94; N, 5.37. Found: C, 71.37; H, 8.04; N, 5.21% In addition, a single
crystal X-ray dlffractlon study of 4 has confirnmed the structural type. 20

EXAVPLE 8 1B4% (MO HM(@m)sMoar(umm 35({&0@@1@@3@9};@@@@4 413,dr ox
t yol uene To a sol ution of 6- di i sopropyl aniline (5.00 g, 7 mmol )
b b hym»ﬁéﬁm HoER). 57325, 185, GHb .67 061 chg D) e it 20

trad qF ti d at
150 C over NHINYELS -@ff?f‘%&l )OS LUPIRF e R (CBErYgg ST ed 2

ambi ent tgmardawipee@,rﬁizzi«)ts,mﬁ),mm cﬁbmw@r@mﬁmwsmfwmmwnt of
concentrat ed h drochloric acid and the solution stirred at

anmbi ent’ t éhdrEBUBADOI2%T otk 1@)%'7(6%(4\%&3%] Ei A0l BB (sThe). 1dhi7HEsh sal t

col | ect edA‘QﬁS washed thoroughly with chloroformand air dried. The salt was
suspended 1h chloroform (25 m) and stirred with an agueous sol uti on of
sat urated WO 2005/ 118605 PCT/ EP2005/ 005653 111 sodi um hydroxide until the

conpl ete ﬂm%ﬁ% of the solid. The aqueous phase was extracted with
chl or of or ), the combined organic phases dried over nagnesium
sul fate a'??e%%%ﬁ)ﬁ%%@&,%éﬁ%ﬁio-ﬁ 9%@%%@1’%@“&%&90&}1@6%% m)a red solid

(1.11 g, mpoun FS nass spectrum niz 459 [ MFH[+; IR (cm)
3417, B32To(aNokytion-af2,6-ditethyiARITEHZI®) g, 16.5Immd!) ad pAdehropylbkizakichyde

CH( CHS) 2) (139 £, 1(5’? %Pmdl, (A)"6_|5 ec%si (vas a&&e’d concentrated hydrochloric acid (1 ml). The

biphasic solution was stitred at 130 °C overnight. The resulting dark blue solution was

allowed to cool to ambient temperature and diluted with dichloromethane (15 ml). The
minimum amount of concentrated hydrochloric acid (2 mi) was added and the solution

15 stirred at ambient temperature for 2 hours before being filtered. The yellow salt
collected was washed thoroughly with dichloromethane and air dried. The salt was
suspended in chloroform (25 ml) and stirred with an aqueous solution of saturated
sodium hydroxide until the complete dissolution of the solid. The aqueous phase was
extracted with chloroform (2 x 70 ml), the combined organic phases dried over

20 magnesium sulfate and concentrated under reduced pressure to give 7a as a pale blue

solid (1.25 g, 31 %).

Compound 7a: ES mass spectrum, m/z 373 [M+H]"; 'H NMR (CDCl), & 1.15 (d, 6H,
*XHH) 6.7, CH(CHs),), 2.03 (s, 12H, CHa), 2.79 (sept, 1H, CH(CHa),), 3.45 (br, 2H,

25 NH,) 5.14 (s, 1H, CHPh), 6.62 (s, 4H, Ar-H), 7.03-7.10 (m, 411); *C NMR (CDCl;, 'H
gated decoupled), 17.8 (s, CHa), 24.0 (s, CH(CH,),), 33.6 (s, CH(CHj)z), 55.2 (s, CH),
121.6 (s, Ar), 126.0 (s, Ar), 129.1 (s, Ar), 129.2 (s, Ar), 134.6 (s, Ar), 140.5 (s, Ar),
142.7 (s, Ar), 146.0 (s, Ar). Anal. (CyHsaN,) caled: C, 83.82; H, 8.66; N, 7.52. Found:
C, 83.71; H, 8.75; N, 7.37%.



3.56 (br, 4H, NH2) 5.19 (s, 1H, CHPh), 6.69 (s, 4H Ar-H), 6.92 (d, 2H,
3J(HH) 8.2 7.27 (d, 2H, 3J(HH) 8.2, Ar-H); 13C NWMR (CDCI 3, 1H gated
decoupl eél‘jdé?“é‘él 090 (s, CH3), 22.6 (s, CH3), 28.0 (s, EAJ/EPZESEOI653 CH3),
114.4 (s, Ar), 124.0 (s, Ar), 130.2 (s, Ar), 132.7 (s, Ar), 135.4 (s, Ar),
137.3 (s, Ar), 138.1 (s, Ar), 153.6 (gy3Ar). In addition, a single crystal
X-ray diffraction study of 5 has confirnmed the structural type. EXAMPLE 9
15 Preparation of aa-bis(4-am no-3, 5-diisopropyl phenvl)-4-nitrotol uene (6)
To a solution of 2,6-diisopropylaniline (5.00 g, 28.3 mol)

andp- n|trobenzaldehyde (2.77 g, 18.4 mol, 0.65 eq.) was added concent r at ed
hydrochloric acid (5 m). The biphasic solutlon was stirred at 120 C
overnight. The resulting dark green solution was allowed to cool to anbient
tenperaturgéggﬁaﬁ' ted with dichloronethane. The 20 m ni num anount of
concentr at loric acid was added and the solution stirred at

anbi ent t ePRgiaio of dPbiste-Bts BEfRES AL hid 16ERHvIdRaYFh] oW salt
col |l ected waS  washed tThoroughl'y W th dichl or omet hane and arr dried. The

salt was sTispesidBon of2,6diiistprypyledities (20000, Hi )3 ramdl)samdpr:ed wi th an aqueous

solutlon of sat ate rOX|de the c | ete dissolution of
ORI e B e e T LA AN | SRR L W e St e nak
m), the cpRbdhesiOdaa fl prﬁegﬁﬁhz@k’d QLY ¥ as FREDE 5 w@ 'csdlebalif
concentrated under reduced pressure to give 6 as a yellow so |d (1.01 g,

10% . ConpeadtingdarikdlyessbitioparasrallmyedtorosB® uitieft-temparatireand dived, 3478

N- 151 6 P 6 H NVR
(opcrs) oV b ehARAYS ol R B ot bcchidRarbilopbiofts T,
3.56 (br, M(W)Was'idaé’d 4181 thd gbluﬂdl:’éﬁr;ed&t Brbieat teddperaftre Fr,2 %U%C( %\/R 2H,
3J(HH) 8.8 t :

(céokg.l- Bﬂ%ﬁcz?&‘ E%ﬁﬂ gf&f ye Vééalbcqﬂgcteé:m& Wa%*eedztﬁ?reug@q)“%sn 0 (s, CH),
124. 4 (s, &echlorokddheGid af dbedt. Tﬂe%ﬁxt?wae Sus Réﬁ&ed it 3Rofofbfn (V1) add2. 7 (s, Ar),

135.0 (s, Ar), 138.3 (s, Ar% 146. 7 (s, EXAMPLE 10
stirted with an aqueous solution of saturated sodmm hydroxide until the complete

dissolution of the solid. The aqueous phase was extracted with chloroform (2 x 70 ml),
the combined organic phases dried over magnesium sulfate and concentrated under
15 reduced pressure to give a pale blue solid that afford 7h as a white solid after

recrystallisation in hot hexane (1.64 g, 46 %).

Compound 7b: ES mass spectrum, m/z 485 [M+H]"; IR (cm'l) 3400 (N-H), 1620, 1597

(C=N); "H NMR (CDCls): & 1.19 (d, 24H, *J(HH) 6.9, CH(CH,),), 1.23 (d, 6H, *J(HH)
20 7.0, CH(CHzs)y), 2.91 (sept, SH, CH(CHa)z), 5.29 (s, 1H, CHPh), 6.82 (s, 4H, Ar-H),

7.03-7.10 (m, 4H, Ar-H); PC NMR (CDCl, 'H gated decoupled), § 22.4 (s, CHy),

22.5 (s, CHy), 24.1 (5, CHa), 28.0 (s, CH(CHs);), 33.6 (s, CH(CHj3),), 56.3 (s, CHPh),

124.0 (s, Ax), 126.0 (s, Ar), 129.1 (s, Ar), 132.2 (s, Ar), 134.8 (s, Ar), 137.9 (s, Ar),

143.6 (s, Ar), 145.9 (s, Ar); Anal. (C3Hs;Ny) caled: C, 84.24; H, 9.98; N, 5.78. Found
25 (,84.36, H,10.12; N, 5.83%. In addition, a single crystal X-ray diffraction study of 7b

e

has confirmed the structural type.

EXAMPLE 12

Preparation of 4.4'-methylene(2,6-diisopropyvlaniline X2.6-dimethylaniline)methane (8)




Preparation of a.a-bis(4-am no-3,5-di net hyl phenvl)-4-isopropyl tol uene (7a)
10 To a solutlon of 2,6-dinethylaniline (2.00 g, 16.5 nmol)

andp- |s6ﬁ H@ﬂ?aldehyde (1.59 g, 10.7 mmol, 0.65 eqP{THR2005006%683
concentrated hydrochloric acid (1 m). The biphasic solution was stirred at
130 C overnight. The resulting dark QIHe solution was allowed to cool to
anbi ent tenperature and diluted with &lchloronethane (15 mM). The m ni mum
anount of concentrated hydrochloric acid (2 m) was added and the sol ution
15 stirred at ambient tenperature for 2 hours before being filtered. The
yell ow salt collected was washed thoroughly with dichl oronmethane and air
dried. The salt was suspended in chloroform (25 m) and stirred with an

aqueous SDb Hkblatiodbf 3,6tdihath ﬁtimtm@ Bnghy 92 Ditiote 2 60diisbpiop§lafilit (B8
di ssol uti on of the solid, The aqueou Ehase was extracted with chloroform

(2 x 70 n%)0-021eok & 68 rad fosmgldehyde) OefHitaaolpQ.68 eaQ wesgAdash um sul fate and
t lid (1.25
05T oy “SREHBRE S EATRR MEEIDC T Libnkfe () RaP Bty ITRefl e (55 %

1.15 (d, ﬁtdmlg&] (HMidredultihg dark B3 s@lutioR wA3 allswedlidbooldRmbignt infcratpte | I I
CH( CH3 45 (br 25 N2) 5. 1H, CHPh), 6.62 (s, 4H, Ar-H).
7.03- 72‘ oa”(duqﬁlu “h ?E@Q"Wﬂ{l 5 ml} Téfa ?00@?11‘8“?% CH3) 24.0
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aa- bi s( 4-wad st@pehded ¢ disHPT &py (pbﬁlil)’)mcﬂstirﬁddpﬁlﬂpaﬂ iqﬁemldﬂdﬁ)of To a sol ution
of 2,6-dii sopr opyI an| I i.ne %qloo g, B S 1 sopropyl benzal dehyde
(1.101%y, satuatedsodi ratﬂmsw&aﬂ@ad@m}e%%? g gpelidhy HEDi ¢ acid (I

m). The bipbasi th&%e‘dtdnﬁ{‘dl%gl éthe{@%pv@ﬁﬂ)lélg cGBHRa - prhis: dréeﬁsu' ting

dark blue solution was a to cool to ‘ambient terrperature and diluted
wi t h di chéver owgnésivme silfBe aid joncaeated widenradasasipressofe to @incent!eartodld

hydr ochl Oliéc(l:rytallisation of the residue from the minimum amount of hot hexane afforded 8 as a

white crystalline solid (0.34 g, 5%).

15
Compound 8: ES mass spectrum, m/z 311 [M+H]"; IR (cm'l), 3410 (N-H); 'HNMR
(CDCh), § 1.17 (4, 12H, *J(HH) 7.8, CH(CHa),), 2.07 (s, 6H, CHs), 2.84 (sept, 2H,
CH(CHs)), 3.47 (br, 4H, NH,), 3.69 (s, 2H, CH,), 6.70 (s, 2H, Ar-H), 6.79 (s, 2H, Ar-
H); *C NMR (CDCls, 'H gated decoupled), § 18.1 (s, CHz), 22.9 (s, CHs), 28.4 (s,

20 CH), 41.3 (s, CHy), 122.3 (s, Ax), 123.8 (s, A1), 129.0 (s, A1), 132.1 (5, Ar), 133.0 (5,
A1), 138.4 (s, Ar), 140.7 (s, Ar). In addition, a single crystal X-ray diffraction study of
8 has confirmed the structural type.

EXAMPLE 13

25  Preparation of ag-{4-amino-3.5-dimethvlphenyl}(4-amino-3,5-

diisopropylphenylitoluene (9)

To a solution of 2,6-diisopropylaniline (2.50 g, 0.014 mol), 2,6-dimethylaniline {1.70
g, 0.014 mol, 1 eq.) and benzaldehyde (1.93 g, 0.018 mol, 1.3 eq) was added
concentrated hydrochloric acid (5 ml). The biphasic solution was stirred at 140 °C



acid (2 mM) was added and the solution stirred at anbient tenperature for 2
hours to before being filtered. The yellow salt coll ected was washed

t hor oughM0O ¢R96(1868F chl or omet hane and air dried. The sal PCREP2605HpES3ed i n
chloroform (25 mM) and stirred wi'th an aqueous sol ution of saturated sodi um
hydr oxi de until the conplete dissoluijson of the solid. The aqueous phase
was extracted with chloroform (2 x 70 m), the conbi ned organi c phases
dried over magnesi um sul fate and concentrated under 15 reduced pressure to
give a pale blue solid that afford 7b as a white solid after
recrystallisation in hot hexane (1.64 g, 46 % . Conpound 7b: ES mass
spectrum mz 485 [T cm) 3400 (N-H), 1620, 1597 (C=N); 1H NWR
(CDCl 3): eovernight( d, @4r¢sul3mg k 6green Gpiutipg) wps alloged (19, ool tosmh&mt 20 7.0,

ey, Bt B gifhod et Botdocoruate 0 D" i i B s 2, 4

(s, CH3), coaaelﬁra(fﬁl hyﬂl'&hlonzlhciﬂ (@ Smi) &@nceﬂ&t&& lﬁ)ﬁi.tocﬁiﬂiﬁrﬁ'ﬁ)cﬂw)vas §ﬂe@ a8,
CH( CH3) 2), (s, 124.0 (s, Ar) (5, A), 1291 (s, Ar),
132.2 (s, tk\% §01quusts*r%isat ambyent tempetyre foerl)ourS lﬁewd)e{r@ Trgd. Thagellpw s, " At )

1012, R B eV ayeod Boralnf i dtloptodOand QoL IhbanPpiey of 7o

has conf i rawsgkntlbe its dictnt etiet (TQ/pﬂ) aﬂ(ﬁh‘r‘&d&vﬂtﬁ aBraepamlmt dobutionfof saturated

4, 4' - net hyl ene d 0 | an . rreth I n ane 8 WO

2005/ 1186089 (%Egéﬁjélsﬁlégg%%m? e4° Q"S %u%%a ?}hha I I ‘I)*P&HER?F%WP |)ne

(2.50 9, Qux@ddiclith d?e,t‘t%zlqi!tl'le‘icﬁmﬁpm A |thé1@01§13m§5 or; mcp plzsks Mied okefd. ) and
- formal dehyde (1.00 014 65 ‘eq was adde concentrat ed

hydr ochl orm@g@@mm atel gnd cpmectitatsdauider seéumdu wessiEstossive p galedtlue sadidc

overni gt .p . teﬁgs*agb{x ?ﬂl LE lé]".‘j xl%gég YRS ﬁgld?ﬁ‘é’%%ﬁllﬁe fofifd rg{)EQ anbi ent

t enperat ure thane ( # amount
of concent4%at.ed hydrochl ori c aci d (2 M) was added and t he soI ution stirred
at anbient tenperature for 2 hours before being filtered. The white salt
col |l ected was washed thoroughly with dichlororethane and air dried (nb.

this step ¢&ARKSS ot BE SRk kpRirugdhyz FTGM-SIRI 'H RUEB atbCly); § 1.19 (d, 12H,
*JHH) 6.9, CH(CHa),), 2.05 (2, 6H, Ar-Me), 2.91 (sept, 2H, CH(CH3),), 5.29 (s, 1H,
15 CHPh), 6.71 (s, 2H. Ar-H), 6.82 (s, 2H, Ar-H), 7.0-7.3 (m, 4H, Ar-H).

EXAMPLE 14

Preparation of 4.4'-methylene(2,6-diisopropylaniline)}(2-methylaniline)methane (10)

To a solution of 2-methylaniline (2.78 g, 0.023 mol), 2,6-diisopropylaniline (4.14 g,

20 0.023 mol, leq.) and formaldehyde (2.24 g, 0.030 mol, 1.3 eq.) was added concentrated
hydrochloric acid (5 ml). The biphasic solution was stirred at 130 °C for 8 hours. The
resulting orange solution was allowed to cool to ambient temperature and diluted with
dichloromethane (15 ml). The minimum amount of concentrated hydrochloric acid (2
ml) was added and the solution stirred at ambient temperature overnight before being

25 filtered. The pale yellow white salt collected was washed thoroughly with
dichloromethane and air dried. The salt was suspended in diethyl ether (70 ml) and
stirred with an aqueous solution of saturated sodium hydroxide until the complete

dissolution of the solid. The aqueous phase was extracted with diethyl ether (2 x 70



was suspended in diethyl ether (70 m) and stirred with an aqueous sol ution
of 10 saturated sodi um hydroxide until the conplete dissolution of the

solid. We2eiju4eg@S phase was extracted with di ethyl etHME/EPBOSO0IEES3N ), the
conbi ned organi c phases dried over nagnesium sul fate and concentrated under
reduced pressure to give a clear oil.jjgRecrytallisation of the residue from
the m ni mum anount of hot hexane afforged 8 as a white crystalline solid
(0.34 g, 599. 15 Compound 8: ES mass spectrum nz/z 311 [MtH +; IR (cm 1),
3410 (NH); "HNVMR (CDC13), S 1.17 (d, 12H, 3J(HH) 7.8, CH(CH)2), 2.07 (s,
6H, CH 3), 2.84 (sept, 2H, CH(CH3)2), 3.47 (br, 4H NHZ), 3.69 (s, 211,
CH2), 6.70 (s, 2H, Ar-H), 6.79 (s, 2H, Ar- H); 13C NWR (CDC13, |IH gated :
decoupl edml) 16 give dbfown 1ekidhe. RecrstdlHsatichidy thedSsidud Bom20t hddane gaved (s, CH2),
122.3 (s, Ar), é23.8 gs, ﬁ§?, 129.0 (s, Ar), 132.1 (s, Ar), 133.0 (s, Ar),
138. 4 (s, 25¢ pale brgyvrysqlid (0482, 7P addition, a single crystal X-ray
diffraction study of 8 has confirnmed the structural type. EXAMPLE 13 25
Preparation of as-(4-am no-3,5-di net hyl phenyl) (4-am no- 3, 5-

di i sopr opgopipomyd 1@IEfemess(Pecthion.an/s ADTI{VeH] of HNERAAECH:: 6(yl%(di 12He (2. 50

g, 0.014 | 2 6-dinethy|ani|ine:é}.70 g, 0.014 nmol,. 1 eq.) and

benzal éeh%@ii@ 7.5 SHCHy)20 Pe0%s) SHACHs)ed 84 (SRt 2Kd GEHCHalh Stk (barddh

hydr ochl ogg $ 10 ( e bi IAG POk bt d kIl 140 C WO
20051 11860E0haT) Hov0B 80s6es T (RaPEuERl Sicd S e A PO G en

sol uti on ERCH| I1busdd tecomptad), téol Sanisi €HE), 28 Orfparial) 2 nai 4u3 & with
dichloro han 15 m ). The mni num anount of concentrated rochloric

2ci (2 NEFRoN TEOEeh? 2ek nbah GEhD b P8 4674 (e addcoaht: L 1os ol uti on
stirred ap pipp g0t Agnperature for 2 hours before being filtered. The yellow
5 salt collécted was washed thoroughly wi th dichloronethane and air dried.
The saltt was suspended in diethyl ether (70 m) and stirred with an aqueous

solution of saturated sodium hydroxide until the conplete dissolution of
the solid. The aqueous phase was



extracted with diethyl ether (2 x 70 m), the conbined organic phases dried
over magnesium sul fate and concentrated under reduced pressure to give a
pal e bl ueVOIMHIBHS Recrystallisation of the solid fromBESKBREIYWSE3O in | ow
yield as a white solid (0.22 g, 4% . Conpound 9: ES nmass spectrum niz 387
[MtH ' ."H NWR (CDCI 3); S 1.19 (d, 12H17 3J(HH) 6.9, CH(CH)2), 2.05 (2, 6H,
Ar-Me), 2.91 (sept, 2H, CH(CH3)2), 5.29 (s, 1H, 15 CHPh), 6.71 (s, 2H,
Ar-H, 6.82 (s, 2H, Ar-H), 7.0-7.3 (m 4H, Ar-H). EXAMPLE 14 Preparation of
4 4' -nethyl ene(2 6-diisopropylaniline)(2-nmethylaniline nethane (10) To a
solution of 2-nmethylaniline (2.78 g, 0.023 nol), 2,6-diisopropylaniline
(4.14 g, 20 0.02? |, he i and fornmal dehyde (2.24 g, 0.030 nol, 1.3 eq.)
was added FosRBlan fordixemp “-ﬁad bchloric acid (5 m). The biphasic sol ution was
stirred at 130 C for 8 hogys. The resulting orange solution was allowed to
cool to anmbient tenperature and diluted wwth dichloromethane (15 nil). The

m ni mum anount of concentragtegshydrochlorigracid (2 nil) was added and the
solution stirred at anbie t emper at » rniglht before being 25 filtered.
\gol | @ ASTTe
d

The pal e yel | ow whi & Hohor oughly with

di chl oronet hane and air dr ) suspended in diethyl ether (70
m) and stirred with an agueous sol ution d&q saturated sodi um hydroxi de
until the conplete diss ’Eti on of the solid. The aqueous phase was
extracted with diethyl ether (2 x 70 WO 2005/ 118605 PCT/ EP2005/ 005653 116
m) to give a brown resi r | Li;gation of the residue from hot
hexane gave 10 as a pal %@?ﬂﬁgii@ﬁl (__dii 8 g, 7% . Conpound 10: ES nass
spectrum niz 297 [ MrH] +; "ﬁ“fﬁ\ﬂgz 8" 1719 (d, 12H 5 3J(HH) 7.8,
CH(CH)2), 2.05 (s, 3H, CH 3), 2.84 (sept, 2H, CH(CH3)2), 3.54 (br, 4H,
NH2), 3.71 (s, 2H, CH2), 6.5-6.6 (d, 1H Ar-H), 6.7-6.8 (m 4H, Ar-H); 13C
NVR (CDCl13,'H gated decoupled), S 18.1 (s, CH3), 23.0 (s, CH3), 28.4 (s,
CH), 41.3 (s, CH2), 115.5 (s, Ar)R4122.8 (s, Ar), 127.6 (s, Ar), 129.4 (s,
Ar), 131.2 (s, Ar), 138.5 (s, Ar)] 142.8 (s, Ar).

Example 3 (2a) Ry =Ry =Ry =Me, R;=H
Example 4 2b) Ry =R, =R, =i-Pr,Ry=H
Example 5 (3a) Ry =Ry, =R;=Me, R, =Ph
Example 6 3b) Ry =R, =R;=i-Pr, R4 =Ph
Example 7 (4) Ry =Ry =Ry = i-P1r, Ry =Ph-4-Br

; Example 8 (5) R; =Ry =Ry =i-Pr, Ry =Ph-4-OH

\ Example 9 (6) R; =R, =Ry =i-Pr, R =Ph-4-NO,
Example 10 (7a) R; = R, = Ry =Me, Ry = Ph-4-i-Pr
Example 11 (7b) Ry =R, = Ry =i-Pr, R4, = Ph-4-i-Pr
Example 12 (§) Ry =Me, Ry =Ry =i-Pr,R;=H
Example 13 (9) R, =Me, R, =R; =i-Pr, Ry =Ph
Example 14(10) Ry =i-Pr, Ry =Me, R; =R;=H

Where Ph-4-Br = 4-bromotoluene, Ph-4-OH = 4-hydroxytoluene, Ph-4-NO; = 4-

nitrotoluene, and Ph-4-1-Pr = 4-isopropyltoluene.



10 WO 2005/ 118605 PCT/ EP2005/ 005653 117 Formnul ae for Exanples 1-14 R1 R1
HZN ! NH2 / R1 Rl Exanple 1 (I a) Rl= M Exanple 2 (ib) RlI=i-Pr R4 RL ~
~ 1\ RWVORNYIBHIS ) R1 R3 Exanple 3 (2a) Rl = R2 = RIPET/RE00RA0S65H

Example 4 (2b) RI= R2 = R3 =i-Pr, R4 = H Exanple 5 (3a) Rl= R2 = R3 = M,
R4 = Ph Exanple 6 (3b) Rl= R2 = R3 34-Pr, R4 = Ph Exanple 7 (4) R = R2 =
R3 =i-Pr, R4 = Ph-4-Br Exanple 8 (5 RI=R2 = R3 =i-Pr, RA = Ph-4-CH ,
Example 9 (6) R = R = R3 =i-Pr, RA = Ph-4-NO2 Exanple 10 (7a) Rl = R2 =
R3 = M, R4 = Ph-4-i-Pr Exanple 11 (7b) R = R2 = R3 =i-Pr, RA = Ph-4-i-Pr
Example 12 (8) RL = M, RR = R3 =i-Pr, R4 = H Exanple 13 (9) R = M, R2 =
R3 =i-Pr, R4 = Ph Exanple 14(10) Rt = i-Pr, R2 = Me, R3 = R4 = H Were ’
Ph- 4- Br =PephmtiomoDligende, Ph- 4- OH = 4- hydroxytol uene, Ph-4-NQ2 = 4-

The electrospray (ES) mass spectra were recorded using a micromass Quattra LC mass
spectrometer with dichloromethane or methanol as the matrix {Masslynx software.
open-access autosampler injection]. The infrared spectra were recorded with Universal
5 ATR sampling accessories on a Perkin Elmer Spectrum One FTIR instrument. 'H and
BCNMR spectra were recorded on a Bruker ARX spectrometer 250 / 300 MHz at
ambient temperature; chemical shifts (ppm) are referred to the residual protic solvent
peaks. The reagents 2-pyridinecarboxaldehyde, the 2-acetylpyridine, 2,3,5,6-
tetramethyl-benzene-1,4-diamine were purchased from Aldrich Chemical Co. and used
10 without further purification. Formic acid (98%) was purchased from Fisons PLC and
used without further purification. The compounds 2,2'-bipyridinyl-6—carbaldehyde [J.
Uenishi, T. Tanaka, K. Nishiwaki, S. Wakabayashi, S. Oae and H. Tsukube, J. Org.
Chem., 1993, 58, 4382}, 6-acetyl-2,2"-bipyridine [J. Uenishi, T. Hiraoka, S. Hata, K.
Nishiwaki and O. Yonemitsu, J. Org. Chem., 1998, 63, 2481] were prepared according
15 to the indicated journal articles. All other chemicals were obtained commercially and

used without further purification.

EXAMPLE 15
Preparation of 2.3,5.6-tetramethyl-N.N-bis-(pyridin-2-ylmethylene)-benzene-1,4-

20 diamine (11a)

To a solution of 2,3,5,6-tetramethyl-benzene-1,4-diamine (1.50 g, 9.15 mmol) in

absolute ethanol (100 ml) was added 2-pyridinecarboxaldehyde (1.90 ml, 0.02 mmol,
2.2 eq.) dropwise. After stirring overnight at 70 °C, the suspension was filtered,
washed with cold ethanol and dried under reduced pressure to give 11a in good yield as

25 anpale yellow solid (1,82 g, 90%).

Compound 11a: ES mass spectrum, m/z 343 [M+H]+; IR (cm™) 1641, 1583, 1562
(C=N); 'H NMR (CDCL), § 2.11 (s, 12H, Ar-CHs), 7.2-7.3 (m, 2H, Py-H), 7.8-7.9 (m,
2H, Py-H), 7.72 (m, 2H, Py-H), 8.3-8.4 (m, 4H, Py-H, HC=N); C NMR (CDCl;, 'H



nitrotoluene, and Ph-4-i-Pr = 4-isopropyltoluene. 5 WO 2005/118605

PCT/ EPZOM (35 fﬂ 118 Prepar ation of ligands The el ectro ﬂg mass
spectra BB ed usi ng a mcromass Quattra LC mass? Q058 ? r wth
di chl oronet hane or nethanol as the matrix [ Massl ynx softmare. open- access
aut osanpl er injection]. The infrared ctra were recorded with Universal 5
ATR sanpling accessories on a Perkin mer Spectrum One FTIR instrunent. 1H
and 13C NWR spectra were recorded on a Bruker ARX spectroneter 250 / 300
MHz at anbient tenperature; chem cal shifts (ppm are referred to the
residual protic solvent peaks. The reagents 2-pyridi necarboxal dehyde, the
2-acetyl pyridine, 2,3,5 6- tetramethyl-benzene-1, 4-di am ne were purchased
fromAl drighe ﬂ&ﬁhﬁl@&) €as. oa@dcpg)edzia (v,\nAﬂ)om 5 wtphﬁrlzgu_r{sf AeptzEN.(s,FOr mc
acid (98% was urchased from Fi scus used without further
purificati&n, lﬂﬁé(scdmbdﬁﬁﬂés Arp' 15{4)16;{§,rAlﬂ,| Wl&(ﬁr@ﬁNbal dehyde [J. Uenishi, T.
Tanaka, K. Nishiwaki, S. Wakabayashi, S. OGae and H Tsukube, J. Og. Chem,
1993, 58, 4382], 6- acetyl 2,2 -bi pyridi ne [J. Uenishi, T. Hraoka, S. Hata,
K. NIShIWEXALﬂHdEEE Yonemtsu, J. Og. Chem, 1998, 63, 2481] were prepared
accordi ng 15 to ‘the |nd|cated 'ournal_artL_Ies. AII other chenlcals wer e
obt ai nefl cUsRERLeMeT 2,3.8.8dtetramethylpN Ny ais (PYRdip 1 ¢

Preparatio 1

2,3,5, 6- té@?%#g?ggﬁq-N,N-bis-(pyridin-2-y|nethylene)-benzene-1,4- 20 di am ne
(lla) To alsalmixitwn odif2,3258 tarﬁnettb_stlft&nmhﬂéi—ﬂianﬁm@ 39 4 aiO’éLmlmeI)(ahdSD g, 9.15

A L M S e B e N R G e

suSpensi onghyRSirbpd cIﬁBﬁﬁic acﬂd/afrh@Qthch"wﬁﬂléit@ttb a00C 228 dtn&iéd @@m{gﬂke 'ThF:EdUCEd
pressure to give | yield as 25 a _pale yellow solid (1

90%) . @@mp%kﬁﬁ@suqnawasnz@%g éh“?’sfﬁélétl‘? ﬂfﬁﬁheﬁﬂ&lﬂméd etheppliand) deied awder Tfé%d 1585
1562

pressure to give 11b in low yield as a yellow solid (0.11 g, 10%).

Compound 11b: ES mass spectrum, m/z 371 [M+H]+; IR (cm'l) 1631, 1595, 1567
(C=N); '"H NMR (CDCly), 8 1.99 (s, 12H, Ar-CHy), 2.19 (5, 6H, (CH3)C=N), 7.2-7.3

15 (m, 2H, Py-H), 7.8-7.9 (m, 2H, Py-H), 8.3-8.4 (m, 2H, Py-H), 8.6-8.7 (0, 2H, Py-H);
BC NMR (CDCl, 'H gated decoupled), & 14.8 (s, Ar-CHs), 17.0 (s, CHa), 121.6 (s,
Ar), 1251 (s, Ar), 136.8 (s, Ar), 144.8 (s, Ar), 149.0 (s, Ar), 157.2 (s, Ar), 168.3 (5,
C=N). In addition, a single crystal X-ray diffraction study of 11b has confirmed the
structural type.

EXAMPLE 17
Preparation of 2,3,5.6-tetramethvl-N-(pyridin-2-ylethviidene)-N-(pyridin-2-

ylmethvlene)-benzene-1.4-diamine (11¢)

Compound 6c was made in two steps (1 and 2) as outlined below:

25 Step 1: To a mixture of 2-acetylpyridine (0.30 ml, 0.26 mmol} and 2,3,5,6-tetramethyl-
benzene-1,4-diamine (0.60 g, 0.37 mmol, 1.4 eq.) in toluene (2 ml) was added 2 drops
of formic acid. The suspension was heated for three days at 50 °C. The dark reddish
suspension was cooled, filtered and the residue washed with cold toluene. The filtrate

was evaporated, dissolved in chloroform (2 ml) and cooled to -78 °C for 0.5 hours



(CGN; "HNWR (CDC13), S 2.11 (s, 12H Ar-CH3), 7273(m 2H, Py-H),

7.8-7

NVR (CDO§’§20951419@52005/ 118605 PCT/ EP2005/ 005653 119 gaP€HER
15.0 (s, CH3), 121.2 (s, Ar), 123.5 (s, Ar), 125.2 (s, Ar), 136.7 (s, Ar),

Py-H), 7.72 (m 2H, Py-H), 8.3-8.4 (m _4H, %gﬂwsgﬂ% 3

147.2 (s, Ar), 149.6 (s, Ar), 154.6 (5, Ar), 163.8 (s, C=N). EXAWPLE 16 5

Preparati on of

2,3,5,6-tetranet hyl

and stirr ggeAVed:

i Gltbred TN edile S8 RAAS 8 thMVBRiedké AAEHIE Yolalifes w effe' WReashed

with cold ethano

yi el d as anger| reduced| putssude 1o ggivel 0243.5 G%Mdhdl-lﬂﬂiﬂ-pﬁ@mfaséethﬂatem)dm nn/ z

and dried under reduced pressure to give in | ow

371 [M+H] +: 1631, 1595 "H NVR (CDC13), S 1.99 (s,
12H,[Ar-H] en‘“"z(lfga%‘?‘n%ﬁﬂ“’(’%f‘&‘ﬁ&%éﬂ@p% 15 (m(211 ?Dy-H), 7.85?9

(m 2H Py-H),

8.4 (m 2H, Py-H ,8687(m 2H, Py-H); '3C NMR (CDCL13,

1H gat ed decoupl ed) S 14.8 (s, Ar-CH3 0 (s, CH3), 121.6 (s, Ar),
125.1 (s, Campounde?28.5,6; tetmmeth)dﬁ*&(mm@m—iz Aalf;thylmge)dwpgenw,i diapsine2 ES, Ar)

168.3 (s

115 has cGRF Phe Phe e RN B ) SR QB 65 CRPL RN 5

6- t et r ane{dPCLN-& pyo |(§j|61|{ Zagydjgg)hyllllc{gnﬂ-l 0@-}(3};@:&1!@}!!211}32(5 6H Ar CHjy), 3.40

yl nret hyl ene) - benzene- 1, 4- di anm ne

and 2) as(%af,mwhw MleEHQ%YeH)

n1 , 0 26 tr dj ( , 0.37
1 T Py IR NRR T B RY bcqBRAS G S0 B OAPCHEE 150 B Th
sus pe n®i oCHARSI e 8, Qd}]fgm-mbrlee 2c{@,y§r)au256 (s G.A-J)Ihez daskAredds.ohis, Ar),
136.8 (s, Ar), 138.7 (s, Ar), 141.4 (s, Ar), 148.9 (s, Ar), 157.3 (s, Ar), 168.1 (s, C=N).

Step 2: To

diamine (0

a solution of 2,3,5,6-tetramethyl-N-(pyridin-2-ylethylidene)-benzene-1,4-
25 g, 0.94 mmol) in absolute ethanol (6 ml) was added 2-

15 pyridinecarboxaldehyde (0.10 ml, 1.00 mmol, 1.1 eq) in ethanol (4 ml). One drop of

formic acid was added after thirty minutes of stirring at room temperature. The

solution was allowed to stir at room temperature overnight. On cooling to 78 °C, the

suspension was filtered, washed with cold ethanol and dried under reduced pressure to

give 11c¢ as a pale yellow powder (0.17 g, 51%).

20

Compound 11¢: ES mass spectram, m/z 357 [M+H]"; IR (cm'l) 1636, 1585, 1565

(C=N); 'H
(CH;)C=N

NMR (CDCls), § 1.90 (s, 6H, Ar-CHy), 2.03 (s, 6H, Ar-CHy), 2.11 (s, 3H,
), 7.2-7.4 (m, 2H, Py-H), 7.7-7.8 {(m, 2H, Py-H), 8.2-8.4 (m, 2H, CH=N, Py-

H), 8.30 (m, 1H, Py-H), 8.6-8.7 (m, 2H, Py-H); *C NMR (CDCl3, 'H gated decoupled),
25 §13.4 (s, Ar-CHa), 14.0 (s, Ar-CHz), 15.7 (s, (CH3)C=N), 120.1 (s, Ar), 120.2 (s, A1),
1208 (s, Ar), 122.3 (5, A1), 123.7 (s, Ar), 124.1 (s, Ar), 135.4 (s, Ar), 135.7 (s, A1),
144.1 (s, Ar), 145.3 (s, Ar), 147.5 (s, A1), 148.6 (s, Ar), 153.7 (s, A1), 155.5 (s, A1),
162.7 (s, (CH;)C=N), 166.6 (s, C=N).

-N, N-bi s- (pyridin-2-1eylidene)-benzene-1,4- diam ne (11b)
To a mixture of 2,3,5,6-tetranethyl -benzene-1, 4-di amne (0.50 g, 3.05 nmol)
and 2- acetylpyridine (0.75 m, 6.71 mmol, 2.2 eq.) in absolute ethanol (50
nil) was added three drops of formc acid. The solution was heated to 90 C

n two steps (1

ound Was |
'k 801861 dﬂxﬁtféu)réﬁf(nzl’alcé'vﬁ)p§r7|ldmme (0.30

'



suspensi on was cooled, filtered and the resi due washed with col d tol uene,
The filtrate was evaporated di ssolved in chloroform (2 nl) and cooled to
-78 C f oWQ2MSHHPE WO 2005/ 118605 PCT/ EP2005/ 005653 1 PCTHPRNSH0%E3 ng
filtered. Hexane was added to the filtrate and all volatiles were renoved
under reduced pressure to give 1

2,3,5,6-tetranethyl -N-(1-pyridin-2-yl e%lhyl i dene) - benzene-1, 4-diam ne as a
brown solid (0.31 g, 45%. 5 Conpound

2,3,5,6-tetramet hyl - N-(pyridi n-2-yl ethylidene)-benzene-1, 4-di am ne: ES nass
spectrum mz 268 [MtH +; IR (cm's) 3378 (N-H), 1632 (C=N); 1H NWVR (CDC13),
S1.99 (s, 6H Ar-CH3), 2.11 (s, 3H, (CH3)C=N), 2.13 (s, 6H, Ar-CH3), 3.40
(s, br, ZIEMLE__M (m 1H, Py H) 7.80 (m IH, Py H, 841 (m IH,
Py-H), \ , 13C _CDClB .LH d

Ar - CH3), ' = 2L 1PN EEN ' :

Ar), 122. %eﬁfeneﬂradmﬁ% 25 Ar) 136 8 (s Ar) 138. 7 (s Ar) 141. 4 (s,
Ar), 148. s, Ar), 168.1 (s, C=N). Step 2: To a solution of
2,3,5, 6- t&W%Mp@immf(wﬂmu@djﬁkatw&ahdém&3%@ﬂz&mnﬂo,l)ﬁn dikthytietter (0. 25 g,

0o so"TP gl a2 3 S Bt A AR SRS Lo,

added af t efy.)tdHdr éne dopwiedrsic &id.r %ngﬁigerm{fbh&ﬂ%eﬁéﬂddrﬁ) reflag fosQg ution
was allowed to stir_at rogmtenperature overnracg On cooling to -78 C, the

suspensi orloWEEs O ¢aokipg & 0\/\/575 Hesugpeioaorss @itdiedh ovashedwithicell ethensl ardduced
pressure tfieqghig r&&&e@%e@s@%lf %ﬁ'{iﬁa‘% f%é’}?rgﬁoﬁﬁ (@% gBB ﬁ’%}:{%S 20 Conpound

1lc ES mass spectrum 1565 (C=N);
"HINMR (CDC13), 6 1.90 (s, 6H, Ar-CH3), 2.03 (s 6H, Ar-CH3), 2.11 (s, 3H,

(CHB) C_N) %“P%‘nédzémESmaSS% it\%'“m mgz %9? [‘(f%l e M(CD%t?g gr\%f@é @1902? 1H
?gﬁ;j Cﬁﬁbcgqgﬂé@g)c%ﬁﬁ 96 Ik, éﬂg%gﬂg) 6q43)r(Hfi)41 9 IgrSH) Ar? )2H :@§(§IZH§ 3:8
123.7 (s, #HH) ILQAPEH()S SAy, 2 3 HH)(%,S’ Nﬁ), 4.3% (crd (2§+I A&HH) 7@44I(HHQ s, Ar),
1453 (s, A4, piff 34 & 28 trc=K)s &3 (& 2t heh©Ps, Byl By, $49 (adlS8; Dy A) -
7.8, *J(HH) 0.9, Py-H), 8.64 (d, 2H, *J(HH) 3.9, Py-H); *C NMR (CDCh, 'H gated
15 decoupled), § 14.1 (s, Ar-CHy), 119.9 (s, Ax), 120.2 (s, Ar), 121.5 (s, Ar), 122.4 (s, A1),
122.9 (s, Ar), 136.0 (s, Ar), 136.6 (s, Ar), 146.4 (s, Ar), 148.3 (s, Ar), 153.2 (s, Ar),

154.7 (s, Ar), 155.0 (s, A1), 163.3 (s, C=N).

EXAMPLE 19
( 20  Preparation of 2.3.5.6-tetramethyl-N.N-bis- { (6-pyridin-2-yDpyridin-2-ylethylidene} -
benzene-1.4-diamine (12b)

To a suspension of 6-acetyl-2,2-bipyridine (0.39 g, 1.95 mmol) in absolute ethanol
(5 ml) was added 2,3,5,6-tetramethyl-benzene-1,4-diamine (0.16 g, .97 mmol, 0.5 eq.)
and one drop of formic acid. The brown solution was refluxed for 24 hours. On

25 cooling to 0 °C the suspension was filtered, washed with cold ethanol and dried under

- reduced pressure to afford 12b as a pale yellow solid (0.098 g, 10%).

Compound 12b: ES mass spectrum, m/z 525 [M+H]"; IR (cm‘l) 1645, 1578, 1561
(C=N); '"H NMR (CDCl), § 1.96 (s, 12H, Ar-CHs), 2.26 (s, 6H, (CH3)C=N), 7.29 (gd,



162.7 (s, (CH3)C=N), 166.6 (s, C=N). WD 2005/118605 PCT/ EP2005/ 005653 121
EXAMPLE 18 Preparation of

2, 3, 5, 6MB00HIBOMy | - N, N- bi s- {(6-uyridin-2-yl)pvridin- ZPQTWEFPPSI@&{?@

benzene 1,4-diam ne (12a) To a suspension of 2,2'-bipyridinyl-6-carbal dehyde
(0.39 g, 2.10 mrol ) in diethyl etherp (5 niI) was added

2,3,5,6-tetranet hyl - benzene-1, 4-diamne (0.086 g, 0.52 nmmol, 0.25 eq.) and
one drop of formc acid. The orange solution was heated to reflux for 48
hours. On cooling to O C, the suspension was filtered, washed with cold

et hanol and dried under reduced pressure to give 12a as a yellow sol id
(0.08 g, 31% 10 Corrpound 12a: ES mass spectrum mz 497 [ MtH +; 'H NMWR

(CDCI 3), 2BLIJOBI56, JEH) 1.4 PHHD) 7.87 (@ EH Jd(HEH.8 3I(HH) 16, By-F),JT969) 1. 1,

7o by. it 9}%%%@”7 8. o 8 20 S e o 6 50 g O n A By oty
gcéN) F)yS 14)388 GEu %gfmw 871;%11)%'6512& 28, ﬁl—lﬁg‘iz ﬁg. ﬁﬁﬁﬁm@g%%gj(ﬁb
decoupl eE}l gagedidecoupled), Ar14(8-(3)CHi)196 9(g, §H3Ar1)21 4](2,0A:® (3.5 8 Ap), 12235 (s, Ar),

125, 3 15.6A9; 1250 Rek 13t A dirh G anid4s0 bdob 105 Ay, R 6 (S ooy

EXAMPLE 1& A6y pm)atlses(efm% 167.8 (s, A1), 168.6 (s, C=N).
2,3,5, 6- te ranet hyl -'N, N-bi's- { (6- pyri di n- 2-yl ) pyri di n- 2-yl et hyl i denel -

benzene- ,4-di am ne (12b) To a suspension of 6-acetyl-2,2'-Dbipyridine
(0.39 g, i in absolute ethanol (5 m) was added
2,3,5, 6- -benzene-1,4-diamne (0.16 g, 0.97 mvol, 0.5 eq.) and

one dr op Reéparation of 32& 3 'oh'-tebivendoliWINs/L- Ui virdlin-Basmedilenx sbipharyl-24'-hour s. On 25
cool i n m suspension was filtered, washed with cold ethanol and

dri ed! ed pressure to afford 12b as a pale yellow solid (0.098 g,
10% . Conppoy @ﬁlsp%ﬁgon 33 xaqa&ss%ezcaor Mmol)n:h/&)sél%ﬁe v tio hﬁ) (xﬁ.maaldeh%& 1578,
1561 (C=N); % 6 (s, 12 CH3) , (s, 6H,

( CH3) C:N)pyndlllggarpqvgﬁl ehyde (0.67 ml, 7.00 mmol, 3. 5 eq) The mlxture was stirred and

heated to reflux ovemight. On cooling to room temperature, the suspension was
filtered, washed with cold ethanol and dried under reduced pressure to give 13a in good
15 yield as a yellow solid (0.51 g, 62%).

Compound 13a: ES mass spectrum, m/z 419 [M+H]"; IR (em™) 1648, 1584, 1566
(C=N); 'H NMR (CDCl3), & 2.20 (s, 12H, (Ar-CHz)), 7.25 (s, 4H, Ar-H), 7.3-7.4 (m,
2H, Py-H), 7.7-7.9 (m, 2H, Py-H), 8.2-8.4 (m, 2H, Py-H), 8.35 (s, 2H, CH=N), 8.7-8.8
20 (m, 2H, Py-H); C NMR (CDCls, 'H gated decoupled), § 18.9 (s, Me), 121.7 (s, Ar),
125.8 (s, Ar), 127.1 (s, Ar), 127.8 (s, Ar), 137.2 (s, Ar), 137.3 (s, Ar), 149.7 (5, A1),
150.1 (s, Ar), 157.3 (s, Ar), 164.0 (s, C=N). Anal. (CysHagNy) caled: C, 80.34; H, 6.27;
N, 13.38. Found: C, 80.15; H, 6.35; N, 13.32%. In addition, a single crystal X-ray
diffraction study of 13a has confirmed the structural type.
25
EXAMPLE 21
Preparation 3,5,3'.5tetramethyl-N N-bis-(pyridin-2-ylethvlidene)}-biphenyl-4,4'-

diamine (13b)




WO 2005/ 118605 PCT/ EP2005/ 005653 122 2H, 3J(HFlI) 5.6, 4J(HH) 1.2, Py-H),
7.81 (td, 2H, 3J(HH) 7.8, 4J(HH) 1.6, PY-H), 7,90 (t, 2H, 3J(HH) 7.8,
Py-H), 8.W® 0051136¢5 3J(HH) 7.4, Py-H), 8.50 (d, 2H, 3J(HPLT/EPS05#M9565+H), 8.53
(d, 2H, 3J(HH) 7.8, Py-H), 8.65 (d, 2H, 3J(HH) 4.8, Py-H); 13C NWR (CDC13,
1H gated decoupled), S 14.8 (s, CH3), 16.9 (s, CHs), 121.4 (s, Ar), 121.5
(s, Ar), 122.3 5 (s, Ar), 124.2 (s, Ar}3 137.3 (s, Ar), 137.8 (s, Ar), 145.0
(s, Ar), 149.6 (s, Ar), 155.3 (s, Ar), 156.3 (s, Ar), 156.5 (s, Ar), 167.8
(s, Ar), 168.6 (s, C=N). EXAWMPLE 20 Preparation of

3,5,3,5 -tetranet hyl -N, N-bi s-(pyridin-2-yl net hyl ene) - bi phenyl -4,4"- 10
diam ne (13a) To a suspension of la (0.48 g, 2.00 nmol ) in absol ut e et hanol
(10 M) wasradg, L, Gl a Y/ 3.5 eq.).
The m xture vvasg t|lrorn%ﬁgg%gS%e%?gﬁ%?%%?ﬂ&%o%arﬂrﬂ &9 mﬁ& coor c}%g to room
t enper at ur apetylpgndmsp@&&'m}n? W siadlj 3.4 eq.@ dnd asdregs of foamécodcdd.eTlanol and

dried under reduced es re ive iIn | el d as ellow solid
(0. 81 o GoUPeDTRBBR A reh FRaGet du alipefe wom et 12 ( cm 1)
1648, 1584.5u983flon (VQS'Mtcred meai mbfﬂ)eﬂw@lo?m%pdrfe%unhgﬂedﬁ@édﬁﬁﬁr)e o725 (s
4H, Ar-H), 21 Py- H) (in ' 2H,
Py-H), 853521\(6513b2d81a}©ﬂ&?‘4)80118((?588>8412’@) (in, 2H, Py-H); 130 NVR (CDC13 1H
gated decoupled), S 18.9, (s, M), 121.7 (s Ar), 125.8 (s, Ar), 127.1 (s,
Ar), 127.8 (s, Ar), 137.2 (s, Ar), 137.3 (s, Ar), 149.7 (s, Ar), 150.1 (s,
Ar), 157.3 Gdapobhd 138:628 fmaéssspe@nm m/Arztav {M&Bg*aiaaama) (CBERY:O £0484). 34; H,
6.27; N, 13.38. Found; C, 80, 15; g} Jﬂd%];,30/ I n additian, asmgle
;-'crystal X- ridfhs AiGH»Zc 19 @nﬁgtW)Gle o a< i) Tér@n 2fh Rarty 217 “type.

25 ( EXAVPLE 724 Rrepanal, 8N4 5m3215py- 151 €.87881 &, 21 Py-H); 3C NMR (CDC
N-bi s- ( pyr | i yl é’fftrllj I deng 2B D ym ~a, 4" G2 Py & 15b) D65 18605
PCT/ EP20D5/008@6upled), 5 17,205 Ar-CHg) 18 5 (s, (CH3)C=N), 121.8 (s, A1), 125.3 (s, A1),

126.2 (s, Av), 126.8 (s, Ar), 136.4 (s, Ar), 136.9 (5, A1), 148.0 (s, Ar), 149.0 (s, Ar),

156.9 (s, A1), 167.9 (s, C=N).

EXAMPLE 22
15 Preparation of 3,5.3".5 -tefraisopropyl-N.N,-bis-(pyridin-2-ylmethylene)-biphenyl-4.4'-

diamine (14a)
To a suspension of 1b (0.15 g, 0.43 mmol) in absolute ethanol (10 ml) was added 2-

pyridinecarboxaldehyde (0.14 ml, 1.40 mmol, 3.3 eq.). The mixture was stirred and
heated to 50 °C overnight. On cooling to room temperature the suspension was filtered,
( 20 washed with cold ethanol and dried under reduced pressure to give 14a as a yellow

solid (0.10 g, 43%).

Compound 14a: ES mass spectrum, m/z 531 [M+H]"; "H NMR (CDCls), 1.1-1.2 (d,
12H, >J(HH) 6.8, CH(CH3)y), 2.9-3.0 (sept, 4H, CH(CHs),), 7.24 (s, 4H, Ar-H), 7.2-7.3

25 (m, 2H, Py-H), 7.6-7.9 (m, 2H, Py-H), 8.1-8.3 (m, 2H, Py-H), 8.37 (s, 2H, HC=N), 8.6-
8.8 (m, 2H, Py-H); *C NMR (CDCl,, 'H gated decoupled), § 23.9 (s, CHs), 28.6 (s,
CH), 121.9 (s, Ar), 122.5 (s, A1), 137.4 (5, Ar), 138.0 (s, Ar), 138.6 (s, Ar), 147.9 (5,
Ar), 149.9 (s, A1), 154.7 (s, Ar), 163.2 (s, C=N).



123 To a suspension of la (0.50 g, 2.10 nmol) in absolute ethanol (10 m)
was added 2- acetyl pyridine (0.80 m, 7.10 mol, 3.4 eq.) and two drops of
form c acid. The suspension was heated to reflux overnight. On cooling to
room t enpewatisaidsde suspension was filtered, washed wvidiemes@osgshranol and
dried under reduced pressure to 5 give 13b as a yellow solid (0.51 g, 41%.
Conmpound 13b: ES mass spectrum nr/z 447 [MtH +;, 'H NMR (CDCl 3), 0 2.04 (s,
12H, Ar-CH3), 2.19 (s, 6H, (CH3)C=N), 12426 (s, 4H, Ar-H), 7.3-7.4 (m 2H,
Py-H, 7.7- 7.8 (m 2H, Py-H), 8.3-8.4 (m 2H, Py-H), 8.6-8.7 (in, 2H,
Py-H); 13C NVR (CD.CI 3, 'H 10 gated decoupled), S 17.2(s, Ar-CH3), 18.5 (s,
(CH3)C=N), 121.8 (s, Ar), 125.3 (s, Ar), 126.2 (s, Ar), 126.8 (s, Ar),
136.4 (s, Ar), 136.9 (s, Ar), 148.0 (s, Ar), 149.0 (s, Ar), 156.9 (s, Ar),
167.9 (s, CEMAMPYAMPLE 22 15 Preparation of

3,5,3,5 -tet \ , in- 2. , yl-4,4" -
di ani ne (14&¥epatgtion ot a3 d SUELEY LA SARyTidi- ey cH 0 BYsfdte et hanol
(10 m) V\BSM pyrldl necarboxal dehyde (0 14 m 1.40 mol, 3.3 eq.).

The m xture was stirre heated to 50 C overni Owcoolmgto room
t enper at ur eﬁ’ﬂ@‘“%%%&rﬁr& 048 mmet), gragetylpypding & \%ﬁtsﬁ BRI and

dried under oﬁ@&i‘dﬁ%ﬂfd&h&%‘éi&r\ﬁast}l@a@d e 504e (g lﬁuﬁe%@?\ﬂ-ac itdwid 0. 43%-
Conmpound 14a; ES mass spectrum tn/z 531 [ MtH +; 1H NWR 13), 1.1-1.2 (d,

12H, 3J(f 1 Hflistllgl ofEapdasglute eﬂ@“fdl@@“%lé%?fecmﬁﬁte ﬂzq(p@@ytz) ollowing (s, 4H,

A1) 1. 2 g Sedfing A ol g Tl i tbdcob Yooty Beiode 3 (m 2H

decoupl ed), 1$1a2@1a9aagllom§d(028g685€/5) CH), 121 9 (s, Ar), 122.5 (s, Ar),
137.4 (s, Ar), 138.0 (s, Ar), 138.6 (s, Ar), 147.9 (s, Ar), 149.9 (s, Ar),
154.7 (s, Ar), 163.2 (s, C=N). WD 2005/ 118605 PCT/ EP2005/ 005653 124
EXAMPLE B8 Compound 14b: ES mass spectrum, m/z 559 [M+H]"; "H NMR (CDCl3), § 1.19 (d,

12H, *J(HH) 6.9, CH(CH:),), 2.18 (s, 6H, MeC=N), 2.72 (sept, 4H, CH(CHa),), 7.25 (s,
4H, Ar-H), 7.2-7.3 (m, 2H, Py-H), 7.7-7.8 (m, 2H, Py-H), 8.2-8.4 (m, 2H, Py-H), 8.37
8.4-8.6 (m, 2H, Py-H); *C NMR (CDCls, 'H gated decoupled), § 16.4 (s, CH3), 21.9(s,
CHa), 22.3 (s, CHj), 27.4 (s, CH), 120.3 (s, Ar), 120.7 (s, Ar), 123.8 (s, Ar), 135.0 (s,

15  Ar), 135.5 (s, Ar), 136.3 (s, Ar), 144.4 (s, AD), 147.6 (s, Ar), 155.5 (s, Ar), 166:1 (s,
C=N).

EXAMPLE 24
Preparation of 3,5.3'

20 biphenyl-4.4'-diamine (15)
To a suspension of 2,2'-bipyridinyl-6-carbaldehyde (0.39 g, 2.10 mmol) in diethyl ether
(5 m}) was added 1a (0.13 g, 0.53 mmol, 0.25 eq.) and one drop of formic acid. The
yellow reaction mixture was heated to reflux for 48 hours. On cooling to room
temperature the suspension was filtered, washed with cold diethyl ether and dried under
25 reduced pressure to give 15 as a yellow solid (0.10 g, 34%).

Compound 15: ES mass spectrum, m/z 573 [M+H]". '"H NMR (CDCL), § 2.18 (s, 12H,
(Ar-CH,)), 7.29 (s, 4H, Ar-H), 7.41 (dd, 2H, >J(HH) 6.7, “JHH) , Py-H), 7.75 (td, 2H,
J(HH) 7.8, “J(HH) 1.8, Py-H), 7.90 (t, 2H, *JHH) 7.8, Py-H), 8.27 (dd, 2H, *J(HH)



Preparation of

3,5.3 .5 -tetrai sopropyl -N, N, -bis-(pvridin-2:ylethylidene)-biphenyl-4,4'-
diam ne (14b) A m xture of 1b (0.21 g, 0.60 mmol ), 2-acetylpyridine (3.0 nm,
26. 85 mMolywo4sAtkeds and 5 one drop of form c acid was pogatreshsioass450 C for 3
hours. The 2-acetyl pyridine was distilled off and absol ute ethanol
introduced to precipitate the product. Following filtration, washing wth
col d ethanol and drying under reduced B?essure 14b was isolated as a
yellow solid (0.28 g, 85%. 10 Conpound 14b: ES mass spectrum mz 559

[ MEH] +; ' H NMR (CDC13), S 1.19 (d, 12H, 3J(EH) 6.9, CH(CH2), 2.18 (s, 6H,
MeC=N), 2.72 (sept 4H, CH(CH3)2), 7.25 (s, 4H, Ar-H), 7.2-7.3 (m 2H,
Py-H, 7.7-7.8 (m 2H, Py-H), 8.2-8.4 (m 2H, PyH) 8.37 8.4-8.6 (m 2H,
Py- H) 13C NV, tmmsﬁ,wmwsmmmds 44 Q4T A THAJHIR129PYs,  CHB),

22.3 (s, '3 2 , S, ) Ar),
1550 (s, A?%g(désééﬁj@’ 7§ )9(@@%59 PY- A(?]’z)zad’l%gt %H?@“A'@H?ﬂ%’f 6 (s,

Ar), 155.5 (Png)Ar) 166.1 (s, C= EXAIVPLE 24 Preparation of

3.5.3,5 -tetranet hyl - NN- bi s- {(6 pvr|d|n 2-vl) pyridin-2-vl nmethyl ene)- 20

bi phenyl -4. 4" -diamne (15 To a suspension of 2,2'-bipyridinyl-6-carbal dehyde
(0.39 g, 2. Bxampip2sn diethyl ether (5 m) was added la (0.13 g, 0.53
mol, 0.25 eg.) and one drop of formc aC|d 'Ij. yeIIow reaction m xture
was heat ed B&PEE f 3.2 et 1A Nedigs{ (opp et Haemer at ure t he
suspensi on gl b.gg[,,ﬂﬂbg old d| et hyI ether and dried under 25
reduced pressure to give ow solid (0.10 g, 34% . Conpound 15: ES
mass spect r Jifa WE“@S?@%WWHY{ 15=r° pbrdehde 09 & 819 migol) in digthyl ether Ar - CH3) ) |
1229, (5, Aliemfyuidaids tolfice ogwmﬁweﬁ@a@o@@mm& o 1o 75 (1, 2H

3J(HH) 7.8, “4J(HH) 8.27 (dd,
211, 3J( M) omgmuxopmdlsamm 24imes Pn myngt@ Ql@!e HHPCPSE’H Py- H),

523H4035? Ezllz:jwabﬁltwad v@asﬂ% %ﬂ%ol&hﬁrﬁﬂé%icﬁeg %gﬁ#t%%c%d Féléesﬁye fo (lﬁ H;‘GO((;O'

as yellow soli (0 20 g, 51%).

Compound 16: ES mass spectrum, m/z 685 [M+H]"; "H NMR (CDCL), § 1.20 (d, 24H,
15 J(HH) 6.9, CH(CHa)), 2.81 (sept, 4H, CH(CHa),), 7.17 (s, 4H, Ar-H), 7.41 (dd, 2H,
SJ(HH) 6.7, “J(HH) 1.6, Py-H), 7.75 (td, 2H, *J(HH) 7.8, “XHH) 1.8, Py-H), 7.90 {1,
2H, *J(HH) 7.8, Py-H), 8.27 (dd, 2H, *J(HH) 7.8, */(HH) 1.6, CH), 8.40 (s, 2H,
HC=N), 8.44 (dd, 2H, >JHH) 7.5, *JHH) 1.2, Py-H), 8.46 (dd, 2H, *XHH) 7.4, *(HH)
0.9, Py-H), 8.62 (dd, 2H, *J(HH) 4.3, *JHH) 0.7, Py-H); *C NMR (CDCl;, 'H gated
20  decoupled), & 22.5 (s, CHs), 27.2 (s, CH), 120.1 (s, Ar), 120.3 (s, Ar), 121.0 (s, Ar),
121.6 (s, Ar), 122.9 (s, A1), 129.2 (s, A1), 136.0 (5, Ar), 136.6 (s, A1), 137.1 (5, Ar),
146.6 (s, Ar), 148.0 (s, Ar), 153.0 (s, Ar), 154.7 (s, Ar), 155.1 (s, Ar), 162.5 (s, C=N).

EXAMPLE 26

25

To a suspension of 2a (0.50 g, 1.97 mmol) in absolute ethanol (2 ml) was added 2-
pyridinecarboxaldehyde (0.56 ml, 5.91 mmol, 3 eq.) and one drop of formic acid. The

mixture was stirred at 45 °C overnight. On cooling to room temperature the suspension



Py-H) . 5 EXAVMPLE 25 Preparation of

3.5,3 .5 -tetrai so ronvI N. N- bi s-{(6-pvridin-2-vl)pyridin-2-

vl met hvl BHE3008/1 4 -4.4'-diamne (16) To a nixture of PCT/EP2005/005653

2,2 -bipyridinyl-6- carbaldehyde (0.39 g, 2. 10 nunol) in diethyl ether (5
m) was added | b (0.18 g, 0.53 mmmol, 9%5 eq.) and one drop of formc acid.
The 10 orange solution was heated to 1'2

t he suspension was filtered, washed with cold diethyl ether and dried under
reduced pressure to give 16 as yellow solid (0.20 g, 5 1% . Conpound 16: ES
mass spectrum ink 685 [MrH +; tH NVR (CDC13), S 1.20 (d, 24H, 15 3J(H-1I)
6.9, CH(CH)), 2.81 (sept, 4H, CH(CH3)2), 7.17 (s, 4H, Ar-H), 7.41 (dd, 2H

3J(1H) 6.7 .

7790 (1, SR ok il Chig ool fdicd g iRk br ot Mg e Ly
8.40 (s, 2tyellowGoll (0.884418%y, 2H, 3J(HH) 7.5, 4J(HH) 1.2, Py-H), 8.46 (dd,
2H, 3J(HH) 7.4, 4J(HH) 0.9, Py-H), 8.62 (dd, 2H, 3J(HH) 4.3, 4J(HH) 0.7,
Py-H); 13C NVR (CDC13,' H gated 20 decoupled), S 22.5 (s, CH3), 27.2 (s, CH),
120.1 (s, Ar), 120.3 (s, Ar), 121.0 (s, Ar), 121.6 (s, Ar), 122.9 (s, Ar),

129.2 (s, c¥np ouqaaQ'?OES%aasé\E%ectr&%nﬁz {8 [D/f*ﬁ)l] %T\}MR((QDGQQ{@Z 1@3@ 18H(S, Ar)
148.0 (s, Ar), 153 (s, (s, Ar), 155.1 (s (s, C=N).

EXAMPLES 26CB3, wzsgmaat Cbh), 688 (s, 4H, Ar-H), 7.2-7.4 (m, 2H, Py—ﬁ),'r 7-7.8 (m, 2H, Py-

suspensi on b 125 (&, 0y FES T BRE P P e R T Hiie G ded 2-
pyri di necatebsuprdenysle ({ G, 4119 (22 CP), MIPh.(s,34801 25 za(sdAemzﬂoqmgj formc

acid. The mxture was stirred at 45 over ni cooling to room

t enper at ur188t7l{é' &ﬂsb’éﬂ%(%ﬁﬂl\@?@d&/&l%@@ (Heiv3 g)EPEfO@@ o594 % (3.25)nas e
filt d, t.h t
1 o0, gk ol oG R0H, A GBI ISR 0

,nlz 488 [mmmmralww (CDCI 3) S 2.12 (s, 12H,

EXAMPLE 27
Preparation of bis-{4-(pyridin-2-yl-methyleneamino)-3.5-diisopropylphenyl} -methane
18a
15 To a suspension of 2b (1.60 g, 4.37 mmol) in absolute ethanol (10 ml) was added 2-

pyridinecarboxaldehyde (1.24 ml, 13.11 mmol, 3 eq.) and two drops of formic acid.
The mixture was stirred at 45 °C overnight. On cooling to room temperature the
suspension was filtered, washed with cold ethanol and dried under reduced pressure to
afford 18a as a yellow solid (1.68 g, 49%).
20
Compound 18a: ES mass spectrum, m/z 545 [M+H]"; 'H NMR (CDCl3), 8 1.10 (d,
24H, *J(HH) 6.9, CH(CHa),), 2.91 (sept, 4H, CH(CHs),), 3.95 (s, 2H, CH,), 6.93 (s,
4H, Ar-H), 7.2-7.4 {m, 2H, Py-H), 7.7-7.9 (m, 2H, Py-H)}, 8.1-8.3 (m, 4H, Py-H,
HC=N), 8.6-8.7 (m, 2H, Py-H); 1*C NMR (CDCls, 'H gated decoupled), 18.1 (s, CHy),
25 224 (s, CH), 39.4 (s, CHy). 122.8 (s, Ar), 125.3 (s, Ar), 126.1 (s, A1), 135.6 (8, Ar),
136.4 (s, Ar), 142.6 (s, Ar), 147.9 (s, Ar), 157.4 (s, Ar), 167.1 (5, C=N).

flux for 24 hours. On cooling to 0 C



5 CH3), 3. 77 (s, 2H, CHZ), 6.88 (s, 4H, Ar-H), 7.2-7.4 (m 2H, Py-H),
7.7-7.8 2H 8.1-8.3 (m 4H, Py-H, HC=N), 8.6-8.7 (m 2H, Py-H);
13C NMR 03/118¢ gated decoupl ed), 8 18.4 (s, CH3), AECTERQ0S/0CHEEY, 121.2
(s, Ar), 125.2 (s, Ar), 127.0 (s, Ar), 128.7 (s, Ar), 136.7 (s, Ar), 137.1
(s, Ar), 148.3 (s, Ar), 149.6 (s, Ar) _&54.6 (s, Ar), 163.4 (s, CN. In
addition, a single crystal X-ray diffﬂ% tion study of 17 has confirnmed 10
the structural type. EXAMPLE 27 Preparation of bis- f

4- (pyri di n-2-yl - met hyl eneam no) - 3, 5-di i sopropyl phenyl | -nethane (18a) 15 To
a suspension of 2b (1.60 g, 4.37 mol) in absolute ethanol (10 m) was added
2- pyridinecarboxal dehyde (1.24 m, 13.11 nmol, 3 eq.) and two drops of
form c acigkgaMpies At Xt ure was stirred at 45 C overni ght. On cooling to room
t enper atur—Tﬁ“‘_'s'U§penS| on was fil ter ed vvashed with col d et hanol and dried
under r edUktepargti@safis : ‘ diigoptdpd A8-methai@%) . 20
Conmpound 1 & ES mass spectrum m z 545 [I\/H—|]+ 'H NI\/R (CDC13) 8 1.10 (d,
24H, 3J(H 9, CH(CH)2), 2.91 (sept, 4H, CH(CH3)2), 3.95 (s, 2H, CH2),
6.93 (s, ehdion df 23)'(2) 7é,m372rhhoBMn Ebsolute Zﬂﬂnﬁg Eﬂl&)clib add¢dH), 8.1-8.3
(m 4H, Py-H C=N) , Py-H); 'H gated
decoupl éd)acem@pmde@ (0@4131)1 4:79 nzaokﬁ @eq.)amml, onsdm@ c(fiorr@ﬂqud Pdter glitisg Ar) |

iig S E 2 oL g)ne %}% f g 9?3(3 ﬁié %dlutiog;?w% :%o%t;c kﬁd to &%@5%&% ff@é%%to égndeat(, s, Ar),

PCT/ EP200 51(1)@5% 3 dai? ﬁh@%hﬂ&va@ﬁ'ﬁﬂﬁﬂaﬂﬁﬁmﬂﬁd ofithluiodd ethanol and dried

{4-(pyrridin-2- yI eth | i deneami 5-diiso yI ph }-methane (18b) To
a suspensi YHepreduped Fﬁsﬁbted"glveégg 3)‘311‘?‘ﬁp8 8‘] tzé geﬁﬁ%f’bi (3 M) was added

2 5 acetylpyridine (0.44 ml, 4.70 runol, 3.4 eq.) and one drop of formic

acid. After stirrin for one night at 90 C the solution was concentrated to
hal f vd3dPuneozpenn : B9 masg ppechm, m/z 573 [M+H] IR (cm™), 1642, 1584, 1565

(C=N); '"H NMR (CDCl), & 1.08 (d, 24H, *J(HH) 6.9, CH(CHs),), 2.17 (s, 6H,
(CH3)C=N), 2.67 (sept, 4H, CH(CH3),), 3.94 (s, 2H, CH,), 6.91 (s, 4H, Ar-H), 7.2-7.3
(m, 2H, Py-H), 7.7-7.8 (m, 2H, Py-H), 8.1-8.3 (m, 4H, Py-H), 8.6-8.7 (m, 2H, ArH);
B NMR (CDC(Cls, 'H gated decoupled), & 17.7 (s, CHa), 23.4 (s, CH), 23.7 (s, CH),

15 28.6 (s, CHj), 41.8 (s, CHy), 121.7 (s, Ar), 124.1 (s, Ar), 125.1 (s, A1), 136.1 (s, Ar),
136.7 (s, Ar), 144.6 (s, Ar), 148.9 (s, Ar), 157.0 (s, Ar), 167.6 (s, C=N).

EXAMPLE 29

Preparation of bis-

( 20 (19)
To a suspension of 3b (0.40 g, 0.91 mmol) in absolute ethanol (3 mi) was added 2-
pyridinecarboxaldehyde (0.34 mi, 3.61 mmol, 4 eq.) and two drops of formic acid. The
niixture was stirred at 45 °C overnight. On cooling to room temperature the suspension
was filtered, washed with cold ethanol and dried under reduced pressure to afford 19 as

25 ayellow solid (0.46 g, 82%).

Compound 19: ES mass spectrum, m/z 621 [M+H]"; "H NMR (CDCls), & 1.03 (d, 24H,
J(HH) 7.5, CH(CH,)), 2.82 (sept, 4H, CH(CHa)y), 5.23 (s, 1H, CH), 6.86 (s, 4H, Ar-
H), 7.1-7.2 (m, SH, Ar-H), 7.33 (t, 2H, *J(HH) 6.8, Py-H), 7.77 (, 2H, *J(HH) 8.6, Py-



20 C for 3 days. The yellow solid was filtered, washed with col d et hanol and
dried under reduced pressure to give 18b as a yell ow powder (0.23 g, 299%.
10 Conpd¥RAVHENB0ES ass spectrum ink 573 [MrH +; | R (RGI/EP2005/805853 1584,
1565 (C=N); 1H NMR (CDCI3), S 1.08 (d, 24H 3J(HH) 6.9, CH(CH2), 2.17 (s,
6H, (CH3)C=N), 2.67 (sept 4H CH(CHgg 3.94 (s, 2H, CH2), 6.91 (s, 4H,
Ar-H), 7.2-7.3 (m 2H, -H, 7 (m 2H, Py-H), 8.1-8.3 (m 4H, Py-H),
8.6-8.7 (m 2H, ArH); 130 NIVR (CDCl 3, rH gated decoupl ed), 8 17.7 (s, CH3),
23.4 (s, CH, 23.7 (s, CH, 15 28.6 (s, CH3), 41.8 (s, CH2), 121.7 (s, Ar),
124.1 (s, Ar), 125.1 (s, Ar), 136.1 (s, Ar), 136.7 (s, Ar), 144.6 (s, Ar),
148.9 (s, Ar), 157.0 (s, Ar), 167.6 (s, CN). EXAI\/PLE 29 Preparation of ‘
bis- j4-(gyr 3 op lyape ene 20 19
To a suspe g?n@é?ﬂébj(?gs?g ppqgn%?@%ﬂ%ﬁs in b %eﬂie]t n IS'%?%) was
added 2- Hyr‘?(ﬂma@mmmmddemp&@ 18123 93(35@13)7«284(4 @H})S?a&(d CHpy drops of
formc ac E%g m.xture g\as stirred at Swéghiverm ght cooling to room
t enperatu 7911 Aghd pAdF N i M)k ( %lgé\n(%h‘\ré’ollzg%ﬁsh%ﬁol and dri ed
under redypes ff1orid.194a 4 829%) .
Conpound 19: E%A%Zgﬁgéée?{ e 1?#’22%821;47[%1—0@9?’/% \Iglél\/R C?)Cdg(s @g?l 03 (d,
24H, 3J(HYT G, BI),W@I@)Q“N)ZA&EI ((thNAIehlcm (3331)72)H TR, 9502 1H, CH)

777 (1, Biinask igoate o edb nidlinbls el Embob ondissidntidy 7

(d, 2H  Sdf(#dfas@orfirnkdt thd strdoud@l dype. 2H HC=N), 8.65 (d, 2H  3J(HH) 5. 2 Py-
H);13C NVR (CDC13, 'H gated decoupled), 6 23.9 (s, CH3), 28.4 (s, CH, 57.6

(s, , 121.7 (s, Ar), 124.8 (s, Ar), 125.7 (s, Ar), 126.3 (s, Ar), 128.5
(s, Ar) @50”) 137.2 (s, Ar), 137.4 (s, Ar), 140.1 (s, Ar), 147.0°
(s, Ar), %Mr 150.0 (s, Ar), 5 156.7 (s, Ar), 162.5 (s, C=N);

Anal . 1§ m&w&mnmmblgzt Bﬁmﬂ‘rﬁ-zm métiBnednin®)85- Found: C, 83.29; H,
7.96; N, 9, 03% I n addltlon a single crystal X-ray diffraction study of 19
has conf i $#sgaropglphenyli/ 0:tplugpe (20

To a suspension of 4 (0.33 g, 0.71 mmol) in absolute ethanol (2 ml) was added 2-
pyridinecarboxaldehyde (0.20 ml, 0.2} mmol, 3 eq.). The mixture was stirred at 40 °C
overnight. On cooling to room temperature the suspension was filtered, washed with
15 cold ethano! and dried under reduced pressure to afford 20 as a yellow solid (0.26 g,
63%).

Compound 20: ES mass spectrum, m/z 729 [M+H]"; IR (em™) 1640, 1585, 1567
(C=N); '"H NMR (CDCly), & 1.01(d, 12H, *J(HH) 6.7, CH(CH,),), 2.88 (sept, 4H,

20 CH(CHa,),), 5.36(s, 1H, CH), 6.83 (s, 4H, Ar-H), 6.99(d, 2H, *J(HH) 8.2, Ar-I{), 7.3-
7.4(m, 4H, Ar-H, Py-H), 7.77(td, 2H, *J(HH) 7.8, 0.6, Py-H),8.20(d, 2H, *J(HH) 7.9,
Py-H), 8.25(s, 2H, HC=N), 8.65(dt, 21, *J(HH) 4.7, 0.6, Py-H); *C NMR (CDCl;, 'H
gated decoupled), 5 23.5 (s, CH(CH3),), 23.6 (s, CH{CHaz)2), 28.0 (s, CH(CH3),), 56.2
(s, CH), 119.8 (s, A1), 121.3 (s, Ar), 124.2 (s, Ar), 125.3 (s, A1), 131.1 (s, Ar), 131.2 (s,

25 Ar), 136.8 (s, Ar), 137.2 (s, Ar), 139.5 (s, A1), 144.4 (s, Ar), 146.5 (s, Ar), 149.7.3 (5,
Ar), 154.4 (s, Ar), 163.1 (s, C=N).



EXAMPLE 30 10 Preparation ofa.a'-bis-{4-(pyridin-2- |- ethvleneam no) 3.5-

di i sopropyl phenyl }-4-brono-toluene (20) To a suspension of 4 (0.33 g, 0.71
mmol ) i nwabgsbaissoet hanol (2 m) was added 2- pyri di necach@meaddohssdre (0. 20
m, 0.21 nnnol, 3 eq.). The m xture was stirred at 40 C overnight. On
cooling to roomtenperature the suspension was filtered, washed with 15 cold
et hanol and dried under reduced pressuee to afford 20 as a yellow solid
(0.26 g, 63%. Conpound 20: ES mass spectrum mz 729 [MH]'; IR (cm)

1640, 1585, 1567 (C=N); 1H NWR (CDC13), S 1.01(d, 12H, 3J(HH) 6.7,
CH(CH3)2), 2.88 (sept, 4H, 20 CH(CH3)2), 5.36(s, 1H, CH), 6.83 (s, 4H,

Ar-H), 6.99(d, 2H, 3J(HH) 8.2, Ar-H), 7.3- 7.4(m 4H, Ar-H, Py-H), 7.77(td,

2H, 3J(HH) 8.20(d, 2H, 3J(HH 7.9, Py-H), 8.25(s, 2H,
HC=N), 8. GEMBJ(HI—D 4.7, 0.6, Py-H; 13C VR (CDA 3, 1H gat ed
decoupl ed) pH ’ CHR).2: L3S 1., CH32) 28.0 (s, CH(CH3)2),
56.2 (s, O patiflogof S Bil P Ar). 125.3 (s, Ar).

131.1 (s, Mﬁﬂ$4%&&tel&&6(ﬁ)(s Ar) 137.2 (s Ar), 139.5 (s,

Ar), 144.4 Ar),. A A 163. 1
(;) C=N). #’6‘ 5 r fign 8%520 &&#%&%E@Bﬁb’@@@%@szfﬁ?m “ﬁsgégqﬂr?éz);r ation of

ct a’ - biss- F) &1Hé/cfafwx5‘ldgh(Pd | 8D8 3403 3).Ohe mixture was stirred at 50 °C
di i sopropyl phen OXYy- to Uene (21 To a suspension of 5 (0.30 g, 0.66

mol ) in abseng tyl (btd@azmg to(t@om tbmpmslreﬂwdedsp@nﬁomwas ﬁitn@daw@dwémhyde (0.19

m,
Tool i ho t o ctin ol b Sadl Hdiletd ARSaRe o' deRfa A a R i 7 (o)

et hanol andé®)i ed under reduced pressure to afford 21 as a yel | ow solid
(0({27 g, 66% . 10 Conmpound 21: ES mass spectrum mz 637 [MtH +; IR (cm 1)
1640, 1585, 1567 (C=N); 'H NMR (CDC13), S 1.00 (d, 12H, 3J(HH) 6.7,

CH(CH3) 1) » (BnBBLRePt: ESAhhss spectrum, m/z 637 [MHH]'; IR (em™) 1640, 1585, 1567

(C=N); '"H NMR (CDCly), & 1.00 (d, 12H, *HH) 6.7, CH(CHa),), 2.88(sept, 4H,
CH(CHs),), 5.34 (s, 1H, CH), 6.65 (d, 2H, >JIHH) 8.8, Ar-H), 6.84 (s, 4H, Ar-H), 6.94
(d, 2H, *J(HH) 8.8, Ar-H), 7.3-7.4 (m, 2H, Py-H), 7.78 (t, 2H, *J(HH) 7.8, 0.6, Py-H),
8.22(d 2H, *J(HH) 7.9, Py-H), 8.26 (s, 2H, HC=N), 8.66 (dt, 2H, *J(HH) 4.7, 0.6, Py-

15 H); ®C NMR (CDCls, 'H gated decoupled), § 23.8 (s, CH(CHs),), 24.0 (s, CH(CH,),),
28.4 (s, CH(CHs)y), 56.0 (s, CH), 115.0 (s, Ar), 121.5 (s, A1), 124.0 (s, A1), 124.3 (s,
Ar), 1254 (s, Ar), 127.9 (s, A1), 130.4 (s, A1), 132.6 (s, A1), 136.8 (s, Ar), 137.1 (s,
Ar), 140.7 (s, Ar), 146.0 (s, Ar), 149.5 (s, Ar), 154.5 (s, A1), 163.2 (5, C=N).

( 20  EXAMPLE 32

Preparation of o.,0’-bis-{4-(pyridin-2-vl-methyleneamino)-3,5-

duisopropyiphenyl}-4-nitro-toluene (22)

To a suspension of 6 (0.30 g, 0.62 mmol) in absolute ethanol (2 ml) was added 2-

pyridinecarboxaldehyde (0.18 ml, 0.19 mmol, 3 eq.) and one drop of formic acid. The
25  mixture was stirred at 50 °C overnight. On cooling to room temperature the suspension

was filtered, washed with cold ethano! and dried under reduced pressure to afford 22 as

a yellow solid (0.25 g, 62%).



CH(CH3)2), 5.34 (s, 1H, CH), 6.65 (d, 2H, 3J(HH) 8.8, AT-H), 6.84 (s, 4H,
Ar-H), 6.94 S 2H, 3J(HH) 8.8, Ar-H), 7.3-7.4 (m 2H % 7.78 (t, 2H,
3J(HH) W(p200%! @ﬂlﬁvy 8.22(d 2H, 3J(HH 7 9, Py- H) ho 2{)%5/ 03453 HC=N) ,
8.66 (dt, 2H, 3J(HH) 4 7, 0. 6, Py 15 H); 13C NMWR (CDC13 'H gat ed

decoupl ed), 8 23.8 (s, CH(CH3)2), 9 CH(CH3)2), 28.4 (s CH(CH3) 2) ,
56.0 (s, CH), 115.0 (s, Ar), 121.5 (sl,OAr), 124.0 (s, Ar), 124.3 (s, Ar),
125.4 (s, Ar), 127.9 (s, Ar), 130.4 (s, Ar), 132.6 (s, Ar), 136.8 (s, Ar),
137.1 (s, Ar), 140.7 (s, Ar), 146.0 (s, Ar), 149.5 (s, Ar), 154.5 (s, Ar),
163.2 (s, C=N). 20 EXAMPLE 32 Preparation of ‘
a,a' -bis-(pyridin-2-yl-nethyl eneam no) - 3, 5- !

di | sopr oRydhHGmRA 22 ﬁﬁ%&s&Q;zéc‘&hﬂﬁ%éé’@%wlg]*auﬁgéﬂﬁj‘%@lﬁ6 §5§70 30 g, 0.62

mmol ) in absolute et hanol i‘di necar boxal dehyde (0.18
mt , 0. 39 (EN); BWR)(CM),O&Q OdifcprHf JttIdeﬁﬂ EH(@@)BQ?S(%E Akt ure was

stirred a oyer ni i o.r ure the. suspension was
filtered, éﬂé&ﬁgﬁ &Ptl& Eﬁi gH%thn 4133‘?11" 'gg‘ el Hrg Ls% pe to

afford 2 . Gl 2B, 31 05/ 005653
130 Corrpgzl}gdSPYZZ g %%2?8&?" ﬁ%/f’g?%@é 1?‘1’3# 1. Rﬁﬁ% fg CTEs 1586,

1567 £ C:IMS—NJ,I-& SIVR, ZICOEERN) 3.5, Hy-81)y( '4C NMR (C:BII(IHI—H @teﬂ de&i(m}'@)za 23.8%( sept,

A % O B35 oS % 8, Ghietth o Mot a3 g

7. 9 %348&21@1)( $24. Zk& A3 HQSM)(S &)6’154@84 C)Hgﬁé ki, A’t) 51,37%&'@'%) 13C NVR
(CDC13, 1H gat ed ‘decoup 3 CH(tH3) 2), 28.0
(s, CH(CH3BA(s, 56, ?4@(5 @H),,I%QJ(SAAJ()SHW R Ar)12332(=( s“xr),Ar5)4 3 (B241)2 (s, Ar),
125.4 (S’I6§ é 2 (s, Ar), 136.8 (s, Ar), 137.5 (s, Ar), 138.4 (s, Ar),
146. 4 (s, 2;( ‘9 (s, Ar), 149.7 (s, Ar), 153.2 (s, Ar), 154.3 (s, Ar),
163. 21¢s, C=N). 10 EXAWVPLE 33 Preparation of

a, a' -bi Séﬁﬂfﬁﬁé% n- 2-yl - met hyl eneam no -3, 5-di i sopropyl phenyl }- 4-

Preparation of o.a’-bis- {4-(pvridin-2-vl-methyleneamino}-3,5-diisopropylphenyl} -4-

isopropyvl-toluene (23)

To a suspension of 10 (0.30 g, 0.63 mmol) in absolute ethanol (2 ml) was added 2-

15 pyridinecarboxaldehyde (0.18 ml, 0.19 mmol, 3 eq.). The mixture was stirred at 50 °C
overnight. On cooling to room temperature the suspension was filtered, washed with
cold ethanol and dried under reduced pressure to afford 23 as a yellow solid (0.32 g,
77%).

20 Compound 23: ES mass spectrun, m/z 663 [M+H]"; "H NMR (CDCl), § 1.01(d, 24H,
*J(HH) 6.7, CH(CHs),),1.17(d, 6H, *J(HH) 6.7, CH(CH3);2.86 (sept, SH, CH(CH;),),
5.38 (s, 1H, CH), 6.86 (s, 4H, Ar-H), 7.07(m, 4H, Ar-H), 7.3-7.4(m, 2H, Py-H),
7.77(td, 2H, *J(HH) 7.8, 0.6, Py-H), 8.19 (d, 2H, *4HH) 7.9, Py-H), 8.26 (s, 2H,
HC=N), 8.65 (dt, 2H, *HH) 4.7, 0.6, Py-H); *C NMR (CDCl;, 'H gated decoupled), &

25 23.9 (s, CH(CHs)y), 24.0 (s, CH(CH,),), 24.4 (s, CH(CHa),), 28.4 (s, CH(CHs)), 34.1
(s, CH(CHa)y), 56.9 (s, CH), 121.7 (s, Ar), 124.7 (s, A1), 125.6 (5, A1), 126.4 (s, A1),
129.7 (s, Ar), 137.1 (s, Ar), 137.3 (s, Ar), 140.8 (s, A1), 142.9 (5, Ar), 146.7 (5, Ar),
146.8 (s, Ar), 150.1 (s, Ar), 154.9 (s, Ar), 163.4 (s, C=N).



i sopropyl -toluene (231 To a suspension of 10 (0.30 g, 0.63 mmol) in absolute
ethanol (2 nil) was added 2 15 pyridi necarboxal dehyde (0.18 m, 0.19 mmol, 3
eq). TheWi300%1868as stirred at 50 C overni ght. On cooPFHEPIES/PYH6
tenperature the suspension was filtered, washed with cold ethanol and dried
under reduced pressure to afford 23 az f yellow solid (0.32 g, 77%. 20
Conmpound 23: ES nass spectrum nn/z 6 % [MHH +; "H NWR (CDC 3), S 1.01(d,
24H, 3J(HH) 6.7, CHCH3)2),1.17(d, 6H,3I(HH) 6.7, CH(CH) 22.86 (sept, 5H,
CH(CH3)2), 5.38 (s, 1H, CH), 6.86 (s, 4H, Ar-H, 7.07(m 4H, Ar-H),
7.3-7.4(m 2H, Py-H), 7.77(td, 2H, 3J(HH) 7.8, 0.6, Py-H), 8.19 (d, 2H,
3J(HH) 7.9, Py-H), 8.26 (s, 2H, HC=N), 8.65 (dt, 2H, 3J(HH) 4.7, 0.6,
Py-H); 13GRNWHIGS: 3, 1H gated decoupled), 5 25 23.9 (s CH(CH3)2), 24.0
(s, CH(CH)2$ 22[ 4 (s CH(CH%)Z) 28. 4 (s %H(CHB)Z) - _CH(CHB)Z)

: i cthylencaminy Ar),
8 (s, Ar) 142 9 (s Ar),
.9 (s, Ar), 163.4 (s, C=N).
VO 2005/ 11“8@5)5(1@6’]&’1&%0%5@@5@7 rﬂﬁ&;l) nEa%MﬂnEetBélnd?r(E Bay whi Ade0h-

4- ridin-2-yl- | eneam_no) - 3, 5-di net hyl phenyl 4- ridin-2-
§/I grg%/hgl Ieﬁé%ﬁ‘%/eﬁéfb%alé ehyde £& ‘158})5y§ %h@ﬁ}ﬁll}?“’rﬁz)(p @%&Qé fl%%wlsaﬁl d®&i on of 10

(0. 34 g, EHW ?tb“sp:gu
pyri di necz];l-l}1 g‘oxal de )S“ﬁgd 0.5 &eenﬁg}hQ co%ﬁ Ek)mﬂ@fte&ﬁ%%gﬁ%t% “Or t"rl?lcni'lor m c
acid. The wan fﬂltexech wmhedsmth celd editandang doied unﬁegheducah preeaire tngaffcmd 2dasn

t enperat ure s filtered, washed with cold ethanol and dried
under redu%%‘ﬂ &r%’i@ﬁﬁga g?;fl ‘ord 24 as a yellow solid (0.20 g, 37%. 1o

Coprpound 24: ES mass spectrum mnlz 487 [ MtH| +; 'H NI\/R (CDC1 3), 6 1 08 (d,
12H, 3J(HH) 6.7, CH(CH)2), 2.08 (s, 6H CH3), 4H, CH(CHB)z),
3 84 (40 2Epmpeyagy24: ESgnass specpram, pyz 447 [MeHHl; (PENWEH(C Qla 61(?8 6126, (m 2H,

) H) ; 13&@ é&g@kﬁﬂﬂ@’ 219k (s FHL 81,5 AdB (412 4Vt HET)) 3.88( 528 7 (m 2H
CHy), 6.81 (s, 2H, Ar-H), 6.91 (s, 2H, Ar-H), 7.2-7.3 (m, 2H, Py-H), 7.7-7.8 (i, 2H,
Py-H), 8.1-8.3 (m, 4H, Py-H/HC=N), 8.6-8.7 (m, 2H, Py-H); ®C NMR (CDCl, 'H
gated decoupled), 8 18.8 (s, CHjs), 23.9 (s, CHs), 28.4 (s, CH), 43.4 (s, CHy), 121.7 (s,
15 Arx), 124.2 (s, Ar), 125.7 (s, Ar), 128.2 (s, Ar), 129.0 (s, Ar), 137.2 (5, A1), 137.7 (s,
Ar), 150.0 (s, Ar), 156.2 (s, Ar), 163.4 (s, C=N), 163.9 (s, C=N).

EXAMPLE 35
Preparation of bis- {((6-pyridin-2-yl)pyridin-2-yl-methyleneamino}-3,5-
( 20 dimethylphenyl}-methane (25)
To a suspension of 2,2"-bipyridinyl-6-carbaldehyde (0.38 g, 2.07 mmol) in absolute

ethano! (5 ml) was added 2a (0.13 g, 0.52 mmol, 0.25 eq.) and one drop of formic acid.
The orange solution was heated to reflux for 24 hours. On cooling to 0 °C the
suspension was filtered, washed with cold diethyl ether (100 ml) and dried under

25 reduced pressure to give 25 as yellow solid (0.22 g, 71%).

Compound 25: ES mass spectrum, m/z 587 [M+H]". 'H NMR (CDCly), 2.14 (s, 12H,
Ar-CHy), 3.53 (s, 2H, CHy), 6.89 (s, 4H, Ar-H), 7.21 (dd, 2H, *XHH) 6.1, *JHH) 1.2,
Py-H), 7.72 (td, 2H, *J(HH) 7.8, “JHH) 1.6, Py-H), 7.86 (t, 2H, *J(HH) 7.8, Py-H),



gated dec

CHz), 121.

(s, CGN),

2,2 -bi py

niI) was added 2a (0.13 g,

under

25: ES ma

Ar - CH3),
43(HH) 1

2H, 3J(HH)*57
3J(HH) 7. 8 Hz, 4J(HH)

7.8, Py-H)

oupled), 6 18.8 (s,
7 (s, 15 Ar),
(s, Ar) WO2P0S2118605 Ar),
C=N).

163.9 (s,

124.2 (s,
137.7 (s,

CH3), 23.9 (s, CH3), 28.4 (s, CH), 43.4 (s,

AT), 125.7 (s, Ar), 128.2 (s, At), 129.0
Ar), 150.0 (s, Ar), PEBEP20S/00568), 163.4

EXAMPLE 35 Preparation

of bi s-{((6-pvridin-2-yl)pvridin-2-vl-nethvl eneam no)-3,5- 20

di met hyl phenyl } - met hane (25) To a susk¥nsi on of

ri di nyl - 6- car bal dehyde (0.38 g, 2.07 nmmol) in absolute ethanol (5

0.52 mml, 0.25 eq.) and one drop of form c acid.
The orange solution was heated to reflux for 24 hours. On cooling to O C the
suspension was filtered, washed with cold diethyl ether (100 m) and dried

2H, 3

gg?gggg}fg‘g@ﬁwsgg?%m3 BS gk R tonll B0 §318g AL, Compound

08, P %ﬂg) @ldzx?%&rﬁféj(@m}(ﬂh 4J§~ﬂ‘éj’0 9% J}(Vyﬁ% scaﬂ(ddzm %@ﬂﬁw 6.1,

Py-H), 7.86 (t,

-7H}’yﬂbo 2005/ 118605 PCT/ EP2005/ 005653 132 8.21 (dd 2H,

0.9, Py-H), 8.34 (s, 211, HC=N), 8.41 (d, 2H, 3J(HY
, 8 44 (dd, 2H 3J(HH) 7.4, 4J(HH) 0.9, Py-H), 8.60 (dd, 2H,

3J(HH) 5 4E_ZM0 7, Py-H).

|d|n-2,

((6-pyridi

(26a) To a

nnnol ) in
eq.) and

or m

II-netherneanlqo)

i dig-2 oyl-reth

m%m%h@Q§é%?) was added 2b (0.19 g, 0.53 mmmol, 0.25

SRR "

5 EXANPLE 36 Preparation of bis-
-3, 5- dilisonropyl }-nethane
o .:." ..!.m;.'\!c Vac (0 39 g1 2 09

10 The brown solution was heated to

refl ux foTOMumusisn of B, 2Eloip}ridigyt 6-carbdldehyils (839 EeROP armobidn sbsotuer ed, washed

f i Vil A 038k bR MR DBl plie bR a b s R e R

(cnt'),1016%4Re 315;8@1, solftibh wabheftca b teflukl VR KGIRCIG) codlinkt00 °Cilthel? H 3J(HH)

6.7, CH 2 1.10
( Clsﬂsp%nsmn was filtered, washed with cold ethanol and dried under reduced pressure to

with cold
solid (O.

15

20

25

give 26a as a brown solid (0.19 g, 52%).

Compound 26a: ES mass spectrum, m/z 699 [M+H]": IR (cm"l), 1640 1580, 1547
(C=N); 'H NMR (CDCl), § 1.07 (d, 12H, *J(HH) 6.7, CH(CHa)»), 1.10 (4, 12H,
3J(HH) 6.8, CH(CHs),), 2.91 (sept, 4H, CH(CHa),), 3.28 (s, 2H, CHy), 6.95 (s, 4H, Ar-
H), 7.21 (qd, 2H, >JHH) 6.1, *J(HH) 1.2 Hz, Py-H), 7.72 (td, 2H, *J(HH) 7.8, *J(HH)
1.8, Py-H), 7.86 (1, 2H, J(HH) 7.8, Py-H), 8.21 (dd, 2H, *J(HH) 7.8, “J(HH) 0.9, Py-
H), 8.34 (s, 2H, HC=N), 8.41 (d, 2H, *J(HH) 7.8, Py-H), 8.44 (dd, 2H, *J(HH) 7 4,
*JHH) 0.9, Py-H), 8.60 (dd, 2H, *J(HH) 4.5, “J(HH) 0.7, Py-H); *C NMR (CDCl,, 'H
gated decoupled), 6 22.5 (s, CHj), 27.0 (s, CH,), 29.3 (s, CH), 40.6 (s, CH3), 120.0 (s,
Ar), 120.2 (s, Ar), 121.6 (s, A1), 122.7 (s, Ax), 122.9 (s, A1), 135.9 (s, A1), 136.3 (s,
Ar), 136.5 (s, Ar), 145.5 (s, Ar), 148.2 (s, A1), 153.0 (s, A1), 154.6 (s, Ar), 155.0 (s,

A7), 162.1 (s, Ar), 162.5 (s, C=N).

EXAMPLE 37

Preparation of bis- {(6-pyridin-2-ylpyridin-2-yl-ethyleneamino)-3,5-

diisopropylphenvl}-methane (26b)

!



3J(HH) 6.8, CH(CH2), 2.91 (sept, 4H, CH(CH3)2), 3.28 (s, 2H, CH2), 6.95 (s,
4H, Ar- H), 7.21 (qd, 2H, 3J(HH) 6.1, 4J(HH) 1.2 Hz, Py-H), 7.72 (td, 2H,
3J(HH) 7WO209y118605 1.8, Py-H), 7.86 (t, 2H, 3J(HH) 7. 8PCHEPRIOS/O08623 (dd,
2H, 3J(HH) 7.8, 4J(HH) 0.9, Py- H, 8.34 (s, 2H, HCGN, 8.41 (d, 2H 3J(HH)
7.8, Py-H), 8.44 (dd, 2H, 3J(HH) 7.4, 20 4J(HH) 0.9, Py-H), 8.60 (dd, 2H,
3J(HH) 4.5, 4J(HH) 0.7, Py-H); 13C Nl\ﬁ (CDC13, 'H gated decoupled), 6 22.5
(s, CH3), 27.0 (s, CHS), 29.3 (s, CH, 40.6 (s, CH2), 120.0 (s, Ar), 120.2
(s, Ar), 121.6 (s, Ar), 122.7 (s, Ar), 122.9 (s, Ar), 135.9 (s, Ar), 136.3
(s, Ar), 136.5 (s, Ar), 145.5 (s, Ar), 148.2 (s, Ar), 153.0 (s, Ar), 154.6
(s, Ar), 155.0 (s, Ar), 162.1 (s, Ar), 162.5 (s, C=N. 25 EXAMPLE 37

i | Sopr opyAnas R R R A YL D B i OV S SERRRRNS ©1 55 1,

suspenzl om- I:n]‘tanbl & mbj \pgsraddmdhylé{(ggﬁ%glw ‘o2, G«bz@)’amcrlmbgdrg@oﬂgic@ d0 34 (rijI )
n- but ang was adde , 0. and one drop
of gl aci alacet‘&“élq LLH'%Z? %“%’r‘ﬁi%'}‘eé‘i?alﬁ? ?@HX\X%TS‘L%%@W??OFQ %Otff?o?’or 48

hours. On(GQQIrAth&, i s ioh QPR $l Rl FashbA & ithUSREARARN aNPFidd nkier ed, washed
with cold ethanol and dried under 5 reduced pressure to give 26b as a brown

solid (0. osluced pBa9sre toGnvpdtines 2blownEslidékeSIspdeloum mz 727 [ MrH +; ' H NWVR
(CDC13): S 1.07 (d, 12H, 3J(HH) 6.7, CH(CH2), 1.09 (d, 12H 3J(HH 6.8,
CH(CH)2) 2.17 (s, 6H, MeC=N), 2.78 (sept, 4H, CH(CH3)2), 3.98 (s 2H,
?HZ) » %ﬁoﬁi’ﬁ)ouﬂﬁzﬁﬁr]ﬂ'%ass@p%&nﬁﬂlm/%@'Zi[‘M-i—B}]ZF'DINl\7fR7q_ZD 8*1";07 2H, I1y8E|)
m m m

13C NVR @@E%M%M@aﬁéﬂ%bbd@%) 1213 ié‘lﬁ)eﬁ $.CHEHY), W@o / 118605

PaT/ EPZOO%&%@F% 78434, JI2 AR N A o FB2IR! @1512)159% By, Qr/y 7.21 (m,
10 2H, Py-H), 7.71 (m, 2H, Py-H), 7.85 (m, 2H, Py-H), 8.25 (m, 2H, Py-H), 8.41 (m, 4H,
Py-H), 8.71 (m, 2H, Py-H); "C NMR (CDCls, 'H gated decoupled), § 167.3 (s, C=N).



/' N NR Exanple 15 (11a)R=R =H Exanple 16 (11b) R=R = M Exanple 17
(12c) R=H R =M R R - RN R1\/ NNR R Exanple 20 (13a) R =
H R2 -wi¢geeoftmepd e 21 (13b) R = M, R2=Me Exanpl e 22%‘@4’&9054?055[51 R2 =

i-Pr Exanple 23 (14b) R = M, R = i-Pr RSR RZ~R3RL R R4 Exarrple
26 (17) Rk =H, RZ =R3 =R4 = M, RS = H Exanple 27 (18a) R = H, R2 = R3
= R4 =i-Pr, RS =H Exanple 28(18b)13ﬂe{ =M, R=RE =R =i-Pr, S = H
Example 29 (19) R = H R =R3 =R4 =i-Pr, RS = Ph Exanmple 30 (20) R =
H R2=R3 =R =i-Pr. R6 = Ph-4-Br Example 31 (21) R=H R2 = R3 = R4 =
i-Pr, R5 = Ph-4-OH Exanple 32 (22) R~ =H RR=R3=R4 = i-Pr, R5 =
Ph-4-N02 Exanple 33 (23) R=H R =R3 =R4 =i-Pr, RS = Ph-4-i-Pr
Exampl e 3 ».H z-Pr, RB3=R4 = M, R5 = H WD 2005/ 118605
oor] EPooobeisnile B ByliaoBE 1547,
Ry N=
7N\ _/
N N
05X
=N R

Example 15 (11a) R=R;*H
Example 16 (11b)R =R, = Me
Example 17 (11¢})R=H, R, =

R R N
. N
/ \ N \"""" P N)—Q
=N Ry R»
Example 20 (13a) R| = H, Ry = Me
Example 21 (13b) R = Me, Ry = Me

Example 22 (14a) Ry = H, Ry =/-Pr
Example 23 (14b) Rl = Me, R, =i-Pr

W b

=

Example 26 (17) B;=H,Ry=Ry=Ry=Mes, Rs=
Example 27 (18a) Ry =H,R,= Rg,— R4 =i-Pr, Rg= H
Example 28 (18b) R, =Me, Ry=Ry =R, =i-Pr,R¢=
Example 29 (19) Ry =H, Ry~ R3 = R4— i-Pr, Ry = Ph
Example 30 (20) Ry = H, R, = Ry = Ry = i-Pr, Ry =Ph-4-Br

Example 31 Q1) Ry =H, Ry = R3 =Ry =i-Pr, Rg=Ph-4-OH
Example 32 (22) R, = H, R, =Ry =R, = i-Pr, Rs =Ph-4-NO,
Example 33 (23) Ry =H, R;=R5 = R4 =i-Pr, Rg=Ph-4-i-Pr
Example 34 Q) R(=H, R, =i-Pr, R3=Ry=Me, R; =H



N -NRN_ Exanple 18 (12a) R=H Example 19 (12b) R= M RRfV yo*r RR
Example 24 (15) R = Me Exanple 25 (16) R=i-Pr RR2 ?2/2 R N %R2NN
Exanpl e 3%02805§118605 - H R2 = Me Exanple 36 (26a) Rl = RCTAP2805005553 Exanpl e
37 (26b) R, = M, R2 =" -Pr Where Ph-4-Br = 4-bronotol uene, Ph-4-OH =

4- hydr oxyt ol uene, Ph-4-NO2 = 4- 5 nitrotoluene, and Ph-4-i-Pr =

4-i sopropyl t ol uene. WO 2005/ 118605 PCHPEP2005/ 005653 136 Preparation of
conpl exes Al conpl exation reactions were carried out under an atnosphere of
dry, oxygen-free nitrogen, using standard Schl enk techniques or in a

ni trogen purged gl ove box. n- Butanol was dried and deoxygenated by
distillation over sodiumnetal under nitrogen. 5 The anhydrous net al

di chl orides and N Br2. DVE (N ckel brom de ethylene glycol dinethyl ether)
were purchased from Al drich Chem cal Co. and used w thout any further
purification. Al other chem cals were obtained co ially and used
without further purification. The infrared spectrafwere recorded with

Uni versal ATR sanpli ng =N

R
/
N

T\ o >4

Example 18 (12a)R=H
Example 19 (12b)R=Me

4
R " /‘ﬁ
/N /“QQ‘N
—N R
Nz . :
\_7/

Example 24 (15) R = Me
Exammple 25 (16) R =i-Pr

Ry RZ R4
o
N™ /
R

Example 35 (25) R y=H, R, =Me
Example 36 (26a) R =H, R, = i-Pr
Bxample 37 (26b) Ry = Me, Ry =i-Pr

‘Where Ph-4-Br = 4-bromotoluene, Ph-4-OH = 4-hydroxytoluene, Ph-4-NO, = 4-

5  nitrotoluene, and Ph-4-i-Pr = 4-isopropyltoluene.



accessories on a Perkin Elnmer Spectrum One FTIR instrunent. FAB nmass spectra
were 10 recorded using a Kratos Concept spectroneter with NBA (nitrobenzyl

al cohol Wa 3045/ d860fmt ri x [ sanpl es placed on the end of pPPGHEP2MS/PISASIvaLri X
and bonbarded with xenon atons at about 7 kV, Mach3 software, and probe
tenperature 50 C. Data for the «crystal structure determ nations were

col l ected on a Bruker APEX 2000 ccD Hi& fractoneter and sol ved usi ng SHELXTL
version 6.10 [Bruker (2000). SHELXTL. 15 Version 6.10 for PC. Broker AXS
Inc., Madison, Wsconsin, USA, G M Sheldrick (1997). SHELXS97 and
SHELXL97. University of Gottingen, Germany]. Magnetic susceptibility

studi es were perfornmed using an Evans Bal ance at anbi ent tenperature.
EXAMPLE 3 OPrﬂ of [2,3,5

6- tetrarre?neé)l Uﬁ%&@’%{%&% di n- 2-yl net hyl ene) - benzene- 1, 4- di am ne] Ni 9Br 4
27a A sus [AdhﬁdrﬂpleﬁhoNerdcﬁmDNﬁ;e&@czﬂrﬁe@ ouDurdr mﬁ'&tmospﬂleﬂ&-dﬂtirﬁ,n@ygéﬁﬁ%) was
stirred at,90 C for 30 m nutes. 1la was added 10 g, 0.29 mml, 0.5 eq.)
and the nilfogeR Ywing stadard Soblenirgre ehriquss AT Gt 2 n@?gewwa?g glovea hex-e it

t enper at UG RE¥AD &1%&1@§&5&g@£&t @igﬁ'ﬁaﬁloﬂrcﬁi%f B it idla QIndehﬁ gﬂp uct.
Following filtration exane and drylng un

pr essurse, Th& aanhmous olcigledichlorides endaiNjBr.soMId ({@kdl4bmymid3WhylenCogtpaiind 27a:

IR (cm 7 19 2005 860 /E 2005/ 005653
137(Lay)er?1 M F'@%%W%MQA i’%ﬁ‘ﬂfﬂ% R o1 P RO o hy!
et her gavmnﬁee uﬁﬁé’a‘iﬁ)ﬁ' %Ipif)thhh@ne%l@%&@btﬁﬁeﬁ@n@&fa@? N SN #h ot S, 6-
Me4C6) NH DVF) 6N 2Br2] Br2 (27a'), suitable for a si ng}l e crystal

X-ray di rﬂ@epu casiondyl h(eFm@@neé spoctra sveEx redPrded 3ottpHeiyarsat AGR sempling

(7, SR s e G A PP

n- but amol recbrdetl Jusingsa Etratos €dnadpt 9fectrometer with NBA (nitrobenzyl alcohol) as the

matrix [samples placed on the end of probe within matrix and bombarded with xenon
atoms at about 7 kV, Mach3 software, and probe temperature 50 °C. Data for the
crystal structure determinations were collected on a Bruker APEX 2000 CCD
diffractometer and solved using SHELXTL version 6.10 [Bruker (2000). SHELXTL.
15  Version 6.10 for PC. Bruker AXS Inc., Madison, Wisconsin, USA; G. M. Sheldrick
(1997). SHELXS97 and SHELXL97. University of Gétiingen, Germany]. Magnetic

susceptibility studies were performed using an Evans Balance at ambient temperature.

EXAMPLE 38

20 Preparation of {2.3,5,6-tetramethyl-N.N-bis-(pyridin-2-yimethvlene)-benzene-1,4-
diamine]Ni,Bry (27a)
A suspension of NiBr,. DME (0.18 g, 0.58 mmol) in n-butanol (5 ml) was stirred at 90
°C for 30 minutes. 11a was added (0.10 g, 0.29 mmol, 0.5 eq.) and the mixture was

heated to 90 °C overnight. On cooling to ambient temperature, hexane was added to
25  induce precipitation of the product. Following filtration, washing with hexane and

drying under reduced pressure, 27a was isolated as an orange solid (0.14 g, 63%).

Compound 27a: IR (cm™) 1594, 1567 (C=N); progr 4.19 BM.



10 Cfor 30 mnutes. lib (0.10 g, 0.27 mmol, 0.5 eq.) was added and the

m xture @5&% éfﬁ 90 C for a further one hour. On cooling to amnbient

t enper at 480138 was added to induce precipitation {EF2045Y 088058 .
Follow ng filtration, washing with hexane and drying under reduced
pressure, 27b was isolated as a greenbﬁ)l id (0.15 g, 70% . 15 Conpound 27b:
IR (cm) 1596, 1571 (C=N); pert 4.16 Layering of a NN-di nethyl for mam de
(DMF) solution of 27b with diethyl ether gave red crystals of the DV
adduct of 27b, [{(C5H4N) CMeN( 2, 3,5, 6- Me4C6) NMeC( C5H4N) } ( DVF) 6Ni 2Br 2] Br 2
(27b"), suitable for a single crystal X-ray diffraction study (Figure 2).
20 . Anal. (C24H26MNANi 2Br 44DVF. 8H20O) calcd: C, 34.75; H, 5.68; ‘N, 8.81.
Found: C, rifl ofk'Nﬁd%ﬁeth forfh dhﬂldh%

[2,3,5, 6- t%%;éarr%t hyl - fﬁ’ r?idl naﬁﬁgﬁ//ei eth ne %ﬁ(ﬁg@%}eﬁ?lﬁﬁmgﬂe

y| met hyl ene}l chystateofdhg D %ﬁ@ﬁch@ﬁNaZEl(Cﬁw 285 on of Ni Br2. DMVE (0. 17

(0. 10°g, "o ER PR b BE b T e Bl 56 C for

one hour. gXiadichisdy (Bigargljent tenperature, hexane was added to induce WO
2005/ 118605 PCT/ EP2005/ 005653 138 J precipitation of the product.
Followi fAg filtration, washing with hexane and dryi ng under reduced pressure,

27c was i;%&g%a red solid (0.12 g, 569 . Conpound 27c: Herr 3.89 BM
5 Layerin i met hyl f or mami de (DVF) sol ution of 27c with d| et hyl
et her gavePrepadtiar yNP 8l 56-oftrantesh WDRFENad sl (1 23 ¥agt E)ehbBrEMe
Me4C6) NHC( C5H4 é Ni 2Br2]Br2 (27c'), sui table for a si ngI e crystal
X-ray dlfmm (Figure 3). 10 EXAMPLE 41 Preparation of
[2{ 3, 5, 6- t RtshgPREibh oNNIBHRIDME PY.1 7 g M5 2mdIEihybaa®] (Paireaesttred-at 90

10 °C for 30 minutes. 11b (0.10 g, 0.27 mmeol, 0.5 eq.) was added and the mixture heated

to-90 °C for a further one hour. On cooling to ambient temperature, hexane was added
to induce precipitation of the product. Following filtration, washing with hexane and

drying under reduced pressure, 27b was isolated as a green solid (0.15 g, 70%).

15 Compound 27b: IR (cm™) 1596, 1571 (C=N); esr 4.16 BM.
Layering of a N, N-dimethylformamide (DMF) solution of 27b with diethyl ether gave
red crystals of the DMF adduct of 27b, [ {{CsH4N)CMeN(2,3,5,6~
MesCe)NMeC(CsHaN) } (DMF)¢Ni2Br;]Br; (27b’), suitable for a single crystal X-ray
diffraction study (Figure 2).
( 20 . Anal. (CyHsN4NizBry 4DMF.8H;0) caled: C, 34.75; H, 5.68; N, 8.81. Found: C,
34.92; H, 5.92; N, 8.81%.

EXAMPLE 40
Preparation of [2.3.5.6-tetramethvl-N-(pyridin-2-ylethylidene)-N-(pyridin-2-
25  ylmethylene)-benzene-1.4-diamine]Ni;Bry (27¢)
A suspension of NiBr, DME (0.17 g, 0.56 mmol) in #-butanol (5 ml) was stirred at 90
°C for 30 minutes. 11c (0.10 g, 0.28 mmol, 0.5 eq.) was added and the mixture stirred

at 90 °C for one hour. On cooling to ambient temperature, hexane was added to induce



di am nel Ni 2C1 4 28 A suspension of NiCl2 (0.08 g, 0.58 mmol) in n-butanol (5
nil) wa Lrr t 90 Cfor 30 mnutes. |Ila was added (0.10 0. 29 mmol ,
0.5 eq.)%véhhi{sflﬁgﬁogi xture was heated to 15 90 C overni T’Eﬁ?og’ﬁ‘ﬁlﬁ?%g to
anbi ent tenperature, hexane was added to induce precipitation of the
product. Followi ng filtration, washi gswith hexane and drying wunder reduced
pressure, 28 was isolated as an oran(Sl solid (0.14 g, 63% . Conpound 28: FAB
mass spectrum nfz 566 [MC ]+, 530 [M2C ]+, 495 [M3(C]]+, IR 20 (cm1l)
1595 (C=N); pe 4.20 BM Layering of a N, N-dinethylformam de (DWF) sol ution
of 28 with diethyl ether gave red crystals of the DVF adduct of 28,
[ { (CBHAN) CHN( 2, 3, 5, 6- Me4C6) NHC( C5H4AN) } (DMF) 4Ni 2C1 4] (28'), suitable for a
single cr bxgitaﬁ(n{@fythe Qtoﬂﬁéta%lleﬂm%tﬁlﬂytu{fh&%lﬁg With HeRakecdd)drifgd> (C=O,
1595 (C= 5 EXAMPLE 42 Preparation of
3,5, 6- tetvquﬁlyped\pmsm%z{f( wapisolattidras ax ;cﬁylrﬁodﬂrg,zﬁ%)net hyl ene} -
benzene-1,.4-di am ne] Fe2Cl4 29a WD 2005/ 118605 PCTI EP2005/ 005653 139 Under
an at m)sphere of nitrogen, anhydrous FeCl2 (0.052 g, 0.41 mmol) was
di ssol vedCoinpourd2ficang 389BMJ ) by sti rri ng at 900 for 30 mnutes. To this
yel l on-green sol ution, —12a ( g. ). was added and the

2 it

mi xturé sha¥eriag ohe Aﬁﬁﬂh@f’%ﬁo@@mﬁ? M& S‘?IBF‘PH Pi@”é’ ithyt ethpgavat e. On
cooling tag %ﬁ'tagyﬁtﬁgm%?&#fc‘?of m%%@ﬁ%ﬁd@;@gds o conplete the

precipitatio oW n tration K’ further hexane and drying
under redM@dds)NHéE'@sHﬁ\])}Wﬁb&&z&gﬁrmgc’)m[tabledo@ssmgie olyistabXgmagen powder

[vi 2c1] s SPRetomPmRy TBet~ Do (Cony . EXAVPLE 43 Preparation of & o
12, 3,5, 6-tetranet hvl - N, N-bi s-{(6-pyrridin-2-y)pyridin-2-ylethylidene}-
10 EXAMPLE 41
Preparation of [2.3.5.6-tetramethyl-N,N-bis-(pyridin-2-ylmethylene)-benzene-1.4-
diamine]N1,Cl,; (28)
A suspension of NiCl, (0.08 g, 0.58 mmol) in n-butanol (5 ml) was stirred at 90 °C for
30 minutes. 11a was added (0.10 g, 0.29 mmol, 0.5 eq.) and the mixture was heated to

15 90 °C overnight. On cooling to ambient temperature, hexane was added to induce
precipitation of the product. Following filtration, washing with hexane and drying

under reduced pressure, 28 was isolated as an orange solid (0.14 g, 63%).

Compound 28: FAB mass spectrum, m/z 566 [M-C1]", 530 [M-2Cl]", 495 [M-3CI]"; IR
20 (em™) 1595 (C=N); pegr 4.20 BM.
Layering of a N, N-dimethylformamide (DMF) solution of 28 with diethyl ether gave
red crystals of the DMF adduct of 28, [ {{CsHsN)CHN(2,3,5,6-
MesCo)NHC(CsH4N) } (DMF)4Niy Cly] (28%), suitable for a single crystal X-ray
diffraction study (Figure 4). IR (cm’™) 1645 (C=0), 1595 (C=N).
25
EXAMPLE 42
Preparation of [2.3,5.6-tetramethvl-N N-bis- {{6-pyridin-2-yDpyridin-2-ylmethylene } -
benzene-1.4-diamine|Fe,Cly (29a)




benzene- 1, 4-di am ne] Fe2Cl 4 (29b) 15 Under an atnosphere of nitrogen,
anhydr ous FeC12 (0.034 g, 0.27 mmol) was dissolved in n-butanol (5 nml) by
stirringVeR 2§1886Hr 30 nminutes. To this yel | ow green s®CTEP3pNS/003638 (0. 07
g, 0.13 mmol, 0.5 eq.) was added and the m xture stirred at 110 C for 30

m nutes. On cool | ng to anbi ent tenperature, hexane was added to induce
precipitation of the product. Foll O\M'l?r‘b filtration and washing with nore
hexane, conplex 28b was 20 isolated as a grey / black powder (0.06 g, 57%.
Conpound 29b: FAB nmass spectrum mz 743 [Md ]+, 707 [M2C]+; IR (cni 1)
1593, 1576 (C=N); "eff 6.48 BM 25 EXAMPLE 44 Preparation of

13,5,3" ,5 -tetranet hyl -N, N-bi s-(pyridin-2- 1nethyl ene)-bi phenyl -4, 4" -

dam nel N ik a3 MhAOUR L AE RO ERERTRERBRE D ar o BRIREET
120 C was ﬁddﬂﬂalftﬂ!&l ). Wbstigrind) atl®) 0k 30 Ghibuteq. Yo aricydlloer-gicxi soletidagat ed to
120 C overni After cooling to anbient terrgjgrature t he suspensi on was

concent rat@d(gdéi g, ddgnagl, é’e‘i/@})a‘f"aﬁt 3dded and the petirgdat LBM A0 t rati on and

drying un f n,or ange

sol 1 d°( 0. ogufS e « BsRh TR Ofodhe 0 RaRY FSHEE AUYE 072 seo
[ M 3C1] 7, Hitied fd\&o&@lete Hie] pricipifat{onimEb)lod iiglfiltraion3 u(a@?:h& wﬂlhatyﬂlﬁdrrl\@xaﬁlfe a

N, N- di et hyI for 5] ?fBg/F& sol uti on of 30a with g]l et hyl ether gave red
crystal s Oafn n gln E%! Bressitg, cogyplex 29a was isolated as an Olive green powder

[ {(C5HAN) DK/E Me4C12H4) NHC( C5H4N) } ( DMF) 4Ni 2C14] (30a'). Anal .

(C23H26N4ANI 2C1 0.5H20) calcd: C, 48.18; H 5.77; N, 11.23. Found: C
48.30; H, 5. 61 N, 10.92 % EXAMPLE 45 15 Preparati on

Eil?)l,a?n SO 9}8%51@??8%%%%3% et y’é’ﬁgfplg i %M%ggﬁdusqﬁﬁ‘cﬁ% o%0s g,

0. 29 mmol )(@=MN)n- butanol (12 m) at

EXAMPLE 43
Preparation of [2.3.5.6-tettamethvl-N.N-bis- {{(6-pyridin-2-yD)pyridin-2-vlethylidene} -
-benzene-1,4-diaminej¥e,Cl, (29b)

15 Under an atmosphere of nitrogen, anhydrous FeCl, {0.034 g, 0.27 mmol) was dissolved
in r-butanol (5 ml) by stirring at 90 °C for 30 minutes. To this yellow-green solution,
12b (0.07 g, 0.13 mmol, 0.5 eq.) was added and the mixture stirred at 110 °C for 30
miinutes. On cooling to ambient temperature, hexane was added to induce precipitation
of the product. Following filtration and washing with more hexane, complex 28h was
{ 20 isolated as a grey / black powder (0.06 g, 57%).

Compound 29b: FAB mass spectrum, n/z 743 [M-CI]", 707 [M-2CIT"; IR (emm!) 1593,
1576 (C=N); U 6.48 BM.

25 EXAMPLE 44
Preparation of [3,5,3",5"-tetramethy[-N,N-bis-(pyridin-2-vimethvlene)-biphenyl-4.4'-
diamineINi;Cl, (30a)




120 C was added 13b (0.06 g, 0.14 mmol) and the mi xture heated to 120 C
overnight. After cooling to anbient tenperature, the suspension was
concent N4 ESAR$%ashed 20 several times with hexane. PRSTTVERIOIO05633: r at i on
and dryi ng under reduced pressure, conplex 30b was afforded as an orange
solid (0.023 g, 23% . Conpound 30b: M%(cm') 1595, 1578 (C=N). 25 EXAMPLE
46 Preparation of [3,5,3

5' -tetrai sopropyl-N, N, -bis-(pyridin-2-yl net hyl ene) - bi phenyl -4, 4' -

di am nel Ni 2C14 31a To a stirred suspension of anhydrous N Cl2 (0.06 g, O.46
mmol) in n-butanol (15 m) at 120 C was added 14a (0.12 g, 0.23 mml, 0.5
eq.) and the m xture heated to 120 C WD 2005/ 118605 PCT/ EP20051005653 141

over ni ghty, i &f‘%nﬁf&]’n. : B q/\ﬂﬂ?)
concentrzoeaggtgrgéél ﬁﬂmg%sqﬁ@% sever al ﬁ%ﬁﬁ%@@ﬁ%ﬁkﬁg%ﬁ%&ia&y?ow né’Prl. tration and
dryi ng umti€20 f@ shas eddedpii3ag®W6ez, Ocidnmimek, 083 eq. harsl the fmixthee hemedato 120£0ye sol i d
0, .
(910 i S RIS, & g B ) B el b ENPLE
bi s- ( pvr ivlsRed siWlerAtt sl SlemeleihNetiowide HlndiogNinteiiRCltid LRai%dTo a
stirred suspension of anhydrous N Cl 2 (0. ;hg 0.59 miol") i n n-butanol (5
m) ats presWeyetsnpleitialh wataff@dadagan @amge 0.028 8 2ds) and the mixture
heated to 12C C overnight. After cooling to anbient tenperature, the
suspensi on was concentrated and washed several tinmes with hexane. Foll ow ng
filtrati @endtendGya AR RGSS sgeetumest/z NEssaE, seoqvpiex” 3o mascaf f orded as
an orange_solid (0.10 g, 41%. 15 Conpound 31b: FAB nmass spectrum mz 783
[M O]+ Nhsl} m%ﬂ]ﬁ?l, fﬁiﬁAéFb&- lgreppg pht St dimghylformamide (DM
L?bﬁéﬁ'yi SoruliBh GRS b bl Birss AR B byl bt DAY dchubr o 30aTet hyl enel - 20
10 [{(CsH4N)CHN(2,2°6,6"-MesCi1nHa ) NHC(CsHaN)Y} (DMF)4Niz Clg] (30a”). Anal.

(C2sH26N4Ni,Cl4 4ADMF.0.5H,0) caled: C, 48.18; H, 5.77; N, 11.23. Found: C, 48.30;
H, 5.61; N, 10.92 %.

«

EXAMPLE 45

Preparation [3,5,3".5"-tetramethyl-N,N-bis-
diamine]Ni,Cl; (30b)

To a stirred suspension of anhydrous NiCl; (0.04 g, 0.29 mmol) in #-butanol (12 ml) at
120 °C was added 13b (0.06 g, 0.14 mmol) and the mixture heated to 120 °C overnight.

15 l-ethylidene

After cooling to ambient temperature, the suspension was concentrated and washed
20 several times with hexane. Following filtration and drying under reduced pressure,
complex 30b was afforded as an crange solid (0.023 g, 23%).

Compound 30b: TR (cm™) 1595, 1578 (C=N).

25 EXAMPLE 46

Preparation of [3,5.3',5'-tetraisopropyl-N.N,-bis-(pyridin-2-vimethvlene)-biphenyl-4.4'-
diamine]Ni,Cly (31a)

To a stirred suspension of anhydrous NiCl, (0.06 g, 0.46 mmol) in #-butanol (15 ml) at
120 °C was added 14a (0.12 g, 0.23 mmol, 0.5 eq.) and the mixture heated to 120 °C




Under an atnosphere of nitrogen, anhydrous FeCl2 (0.05 g, 0.42 mmol) was
dissolved in n-butanol (4 m) by stirring at 90 C for 30 mnutes. To this
yel | ow gM¥R20S31%0% on, 15 (0.12 g, 0.21 nmml, 0.5 eq.) PRAEPIABAASEAd t he

m xture stirred at 100 C for 30 mnutes formng a brown/grey suspension. On
cooling to anbient tenperature, hexane 25 was added to conplete the
precipitation. Following filtration ak# washing with nore hexane, conpl ex
32 was isolated as a brown powder (0.022 g, 13% . Conplex 32: FAB nass
spectrum mz 790 [Md]+;, "“ea 5.34 BM WD 2005/ 118605 PCT/ EP2005/ 005653

142 EXAMPLE 49 Preparation of [3,5,3" ,5 -tetraisopropyl-N, N-bis-
{(6-pyridin-2-yl)pyridin-2- ylnmethvl ene} -biphenyl-4,4"-di am ne] Fe2d 4 (33)

Under an er f ni . FESC%% : ) was

di ssol ved%@?gﬁtﬁ-‘%ﬁ%}e{:ﬁgpﬂ% ﬁpﬁﬁ?w Q%E%rr&lrd?eﬁé a B%%EQ%(%?%(SB%%U es.d To this
yel | ow gr eeashed|sevérah timed 6vift) héxang, Polkivingrdliatwas and dedngddéhedogedt ur e
stirred at 100 C for, a further, 30 mnutes forni a_grey/ bl ack precipitate.
On cool i ngPESUEBPERIeE 3 Ay atforded anayormpee w&érﬁ‘g{iﬁ@ds%mcom ete the
precipitation. Following filtration, washing with nore hexane and drying
under reduced pressure, conplex 33 was isolated as a black powder 10 (0.026
g, 13% 5 COnmpenndia: FAB massspepmot, mingS4iM-QP3 [MC ]+, 867 [M2C |+ Aff
6.66 BM EXAMPLE 50 15 Preparation of |bis-{4-(pvridin-2-

| - met hvl eneami no) - 3. 5-di net hyl phenyl } - net hanel Nl 2Clg, ( To a stirred
suspensi ongrANEIydyous Ni Cl2 (0.42 g, 3.24 mmol) in n-butanol (30 M) at
120 C was ded,l? 0. 73(_)'59 1. 62 mmo 0.5 eq.) and the mxture heated to

120 C ovePispap Sotsirpisepronyl . dar (Pvedues-yi-ethyidengbbiphenidnsi on was

cohcent ratgq._%g,qin%@qﬁ@)sevr al ti wi th hexane. Fol | ow ng filtration
and dryi ng under reduced pressure, conplex 34 was afforded as an orange

powder 100. B9 agiir8d ¥yspexompbeanhFdrous NiCk(®.0% gl 634 mmbl)lin f:cbaikdnol (5 ml) at
120 °C was added 14b (0.17 g, 0.30 mmol, 0.5 eq.) and the mixture heated to 120°C

ovemnight. After cooling to ambient temperature, the suspension was concentrated and
washed several times with hexane. Following filtration and drﬁng under reduced
pressure, complex 31b was afforded as an orange solid (0.10 g, 41%).

15
Compound 31b: FAB mass spectrum, m/z 783 [M-CIJ*, 746 [M-2CI]".

EXAMPLE 48

Preparation of {3,5,3',5"-tetramethyl-N,N-bis- {(6-pyridin-2-y)pyridin-2-ylmethylene} -
( 20  biphenyl-4,4'-diamine]Fe,Cly (32)
| Under an atmosphere of nitrogen, anhydrous FeCl; (0.05 g, 0.42 mmol) was dissolved

in n-butanol (4 ml) by stirring at 90 °C for 30 minutes. To this yellow-green solution,

15(0.12 g, 0.21 mmol, 0.5 eq.) was added and the mixture stirred at 100 °C for 30

minutes forming a brown/grey suspension. On cooling to ambient temperature, hexane
25 was added to complete the precipitation. Following filtration and washing with more

hexane, complex 32 was isolated as a brown powder (0.022 g, 13%).

Complex 32: FAB mass spectrum, m/z 790 [M-CI]"; Oegr 5.34 BM.



25 EXAIVPLE 51 Preparation of .[bis-{4-(pyridin-2-yl-nmethvleneam no

-3, 5- d|| Rr henyl }- methanel NNCl 4 35a To a stirred susgenm on_of
anhydro P‘é%s‘(%é 24 g, 1.83 mmol) in n-butanol (15 niFCHEP2005805653,55 added
18a (0.50 g, 0.92 mmol, 0.5 eq.) and the m xture heated to 120 C WO

2005/ 118605 PCT/ EP2005/ 005653 143 ovgrnight. After cooling to anbi ent
tenperature, the suspension was concerated and washed several times with
hexane. Following filtration and drying under reduced pressure, conplex 35a
was isolated as a green powder (0.42 g, 56% . 5 Conpl ex 35a: FAB nass
spectrum mz 767 [MO]+, 732 [M2CI]+, 695 [M3Cl]+, IR (cm') 1591, 1573
(C=N). Prolonged standing of an acetonitrile solution of 35a gave crystals
of the ac \ibf £l adduct of 35a, [ {2-(2'-(CGHENCHAN}2 { 1,1'-(CH2)-
3,5,3,5 -T- }]12Ni 40 s(NCve) 4 (35a'), suitable for a si ngle crystal
X-ray di Pfepactiionnf B, u8)5'tétraisopeopy]-N.N(bis : 0y i

| bi s-{4-(pyridin ]
met hanel NPSEEYISHT -HIENC e A ¢ of anhydrous N Cl12 (0.11 g, 0.86
mol) in Mﬁ%ﬁoﬁﬂﬁrd@ﬂmﬁb enlwgbugﬂé@ﬁ (0¢ded 4.8b n(rQoI?%ragdlsgbl%ﬁ mol ,
0.5 eq.) and the m xture heated to"120 C overni gh After cooling to

anbi ent5 t enpbdutenal (@ mh hg slslmmgelm 80 8@ towd) mm%nfﬁoahmd’eliﬁw-grmhwoaever al

comt ox 336 (Gt ect-# bt He¥ abdss ab saniagre piraitg 002t Ty Sletin o asb:

FAB ; ot .
g P B A SR S 1

green cr y ytaa hédedfto chmplateatho pidciitatiom dblbtwing fiBaiion] wishifgwitl @vk=N) C3HAN) } 2

Simile or JECRP a0 PRy idet [t Tbubiy Tk dp g rolatedada bl SR 1O

10 (0.026 g, 13%).

Complex 33: FAB mass spectrum, m/z 903 [M-CI]*, 867 [M-2C1]+; Oesr 6.66 BM.

EXAMPLE 50

15  Preparation of [bis- {4-(pyridin-2-yl-methyleneamino)-3.5-dimethylphenyl} -
methane]Ni, Cly (34)
To a stirred suspension of anhydrous NiCl, (0.42 g, 3.24 mmol) in #-butanol (30 ml) at
120 °C was added 17 (0.70 g, 1.62 mmol, 0.5 eq.) and the mixture heated to 120°C

overnight. After cooling to ambient temperature, the suspension was concentrated and
20  washed several times with hexane. Following filtration and drying under reduced

pressure, complex 34 was afforded as an orange powder (0.39 g, 35%).
Complex 34: IR (cm™) 1594, 1571 (C=N),

25 EXAMPLE 51
Preparation of [bis- {4-(pyridin-2-yl-methyleneamino)-3.5-diisopropylphenyl } -
methang|N1,Cly (35a)
To a stirred suspension of anhydrous NiCl, (0.24 g, 1.83 mmol) in #-butanol (15 ml) at
120 °C was added 182 (0.50 g, 0.92 mmol, 0.5 eq.) and the mixture heated to 120°C




25 EXAMPLE 53 Preparation of

| bi s-{4- ridin-2-yl-methyl eneam no) - 3, 5-di i sopropyyl phenyl ) -

t ol uene] W‘ié?“&”&%‘ﬁﬁ WO 2005/ 118605 PCT/ EP2005/ 005653 14’&31*6)2%95@%6?? ed
suspensi on of anhydrous Ni Cl2 (0.030 g, 0.23 nmmol) in n-butanol (10 nil) at
120 C was added 19 (0.07 g, 0.12 nmmol, Q.5 eq.) and the m xture heated to
120 C overnight. After cooling to anbident tenperature, the suspension was
concentrated and washed several tinmes with hexane. Following filtration and
dryi ng under reduced 5 pressure, conplex 36 was afforded as a pale brown
powder (0.05 g, 51 %9. Conplex 36: FAB mass spectrum nr/z 844 [Md]+.
EXAMPLE 54 10 Preparation of |bis-{4-(pyridin-2-

1~t hyl eneagi,&Q)ehs, id M 5 1 stirred
suspensiong%gﬁgﬁﬁygggt?%%ﬂélz U@Q%géh ?é%¢§§ nng?%gﬁﬂ%%ygggéﬁgﬁz§%g?n1) at
120 C was adshed s20ergi0iges with Bexdwte nFollowiig Hiltraimpn)and doyitghender rduced heated to
120 C overnight. After,.cooli.ng to anbient t rature, . the suspensi on was
concentratgﬁmggméﬁﬂl gdmﬁéWgwﬁﬁaﬁ?ﬁE@nRPWﬁgﬁﬁﬁgﬁéﬁgﬁblIomﬁng filtration
and drying under reduced pressure, conplex 37 was afforded as a dark green
powder (0.19 g, 55%. Conpound 37: FAB mass spectrum nfz 925 [M O]+, 888

[ M2C ]+ Ssmpien 3@ FAB mass speatiun, 42704 M@ ( d82 IM-2ED7699BFBCH=N) . 20

EXAMPLE 55 e .0 fr . - .
i 8- (4- (pJ A Doy LR Resiongsd suandingol s spFisgligio o§3sa eave
hydr oxyt ol uesald\ifahe acdthnittlcaddluttofeSsda s{SHRPETIRANT TRNKY d1, 0UECH)-Cl Z (0. 078 g,

0.60 mmol) _in n-butanal (10 m 25 120 C was added 21 (Q,20 g, 0.31
mol , 0.523e¢ ¥ éﬁd‘*ql%}mq}ﬁél%%&sﬁbs‘ilieé"ktfor pomelsigrtal aft%er cooling to

anbi ent t eqﬁgga;dﬁrseudyt(lppgﬁygpensi on was concentrated and
10
EXAMPLE 52
Preparation of [bis-{4-(pyridin-2-yl-ethylideneamino)-3.5-diisopropylphenyl } -
methane]Ni,Cls (35b)
To a stirred suspension of anhydrous NiCl; (0.11 g, 0.86 mmol) in n-butanol (10 ml) at
15 120 °C was added 18b (0.25 g, 0.43 mmol, 0.5 eq.) and the mixture heated to 120°C

overnight. After cooling to ambient temperature, the suspension was concentrated and
washed several times with hexane. Following filtration and drying under reduced

pressure, complex 35b was afforded as a green powder (0.18 g, 51%).

( 20 Complex 35b: FAB mass spectrum, m/z 797 [M-CI]", 760 [M-2ClJ*, 723 [M-3C1]";

| IR (em™) 1596, 1573 (C=N). Prolonged standing of an acetonitrile solution of 35b gave
green crystals of the acetonitrile adduct of 35b, [{2-(2’-(CMe=N)CsHaN)}{1,1’-
(CH)-3,5,3°,5°-i-PrsC12Hy} [oN14Clg(NCMe), (35b°), suitable for a single crystal X-ray
diffraction study (Figure 6).

25

EXAMPLE 53
Preparation of [bis-{4-(pyridin-2-vl-methyleneamino)-3,5-diisopropylphenvl} -

toluenelNi,Cly (36




washed several tinmes with hexane. Following filtration and drying under
reduced I conplex 38 was afforded as a dark red powder (0.20 g, 71
%. WD %@%ﬁ‘%ﬁ@%g PCT/ EP2005/ 005653 145 Conpl ex 38: F%‘E?p/ﬁ%%‘@s’ rum mz
859 [MCl]+, 824 [M2Cl]+, 787 [M3C]]+, 692 [MN -4Cl]+;, IR (cm') 1595,
1571 (C=N). EXAMPLE 56 5 Preparation %é [ bi s-{4-(pyridin-2-yl-methvl eneam no
-3, 5-di i sopropyl phenyl 1-4- nitrotolué | Nl 2C14 (39 To a stirred suspension
of anhydrous NiCl2 (0.10 g, 0.60 mol) in n-butanol (10 nl) at 120 C was
added 22 (0.25 g, 0.73 nmmol, 0.52 eqg.).) and the m xture heated to 120 C
overnight. After cooling to anmbient tenperature, the suspension was
concentrated and 10 washed several tinmes with hexane. Following filtration
and dryi usﬁ%dgl@f&ﬁﬁﬂmmmuﬁ (AP, 9D fih Qrdeghofpr oAmpie! | ow
Sowder” (0295 g, 46% . Conpl ex 39:%A89ﬁ£?%peg¥@ﬁlﬁlﬁlﬁ?z TR VA R
[ M 2C1] +,atd28 "Cwee@dfled 1%&07 £,10. 19 mzhol, 10+ ed. Rarfdotly nii$@8; heb&ato C2AjC 15
EXAMPLE 57 Pr.eparation of . .
[ bi s- { 4- (DY n-‘@%@? ong o e e erasuie. the;SUsnsPYn Wan SiAeptrated and
i sopr opy| weshee sektil 2intds with maﬁé.rF&mml@m&ﬁb@an@a%a@mMuNdaZ (0.03 g,
0. 55 mmol) in n-butanol (5 m 20 at 120 C was added 23 (0.07 g, 0.21
mol , 9. Frewuse, sefaplendoivastafioededas e paletbsown powderd0dSg, §hY)- After cooling to
anbi ent tenperature, the suspension was concentrated and washed several
times with hexane. Following filtration and drying under reduced pressure,
conpl ex 40omplsx 36f BABanasaspataar, k/g8eefMgider (0.14 g, 52% . 25 Conpound
40: FAB nass spectrum mz 887 [MC ]+, 850 [M2C]]+, 813 [M3Cl]+. EXAMPLE
58 Preparation of
[ {4- (pyrigiAnee s4et hvl eneam no) - 3, 5- di met hyl phenyl } - {4- (pyri di n- 2-
1-met h),l'eneam no) -3, 5-di i sopropvl phenvl } -met hane] N 2A 'y 41

10  Preparation of [bis- {4-(pyridin-2-yl-methyleneamino)-3.5-diisopropylphenyl} -4-

bromotoluene]Ni,Cly (37)
To a stirred suspension of anhydrous NiCl; (0.107 g, 0.83 mmol) in #-butanol (10 ml)
at 120 °C was added 20 (0.24 g, 0.44 mmol, 0.52 eq.) and the mixture heated to 120

°C overnight. After cooling to ambient temperature, the suspension was concentrated
15 and washed several times with hexane. Following filtration and drying under reduced

pressure, complex 37 was afforded as a dark green powder (0.19 g, 55%).

Compound 37: FAB mass spectrum, m/z 925 [M-C17", 888 [M-2CI}F; 851 [M-3CIT";
751 [M-Ni-4CIJ"; IR (em™) 1597, 1571 (C=N).
20
EXAMPLE 55
Preparation of [bis- {4-(pyridin-2-vyl-methyleneamino)-3,5-diisopropyiphenvi} -4-
hydroxytoluene]Ni; Cly (38)
To a stirred suspension of anhydrous NiCl, (0.078 g, 0.60 mmwol}) in n#-butanol {10 ml)
25 at 120 °C was added 21 (0.20 g, 0.31 mmol, 0.52 eq.) and the mixture heated to 120°C

ovemight. After cooling to ambient temperature, the suspension was concentrated and
washed several times with hexane. Following filtration and drying under reduced

pressure, complex 38 was afforded as a dark red powder (0.20 g, 71%).



WO 2005/ 118605 PCT/ EP2005/ 005653 146 To a stirred suspension of anhydrous
Ni C12 (0\9@2%!12@% nunol) in n butanol (10 m) at 120 C was added 24
(0. 100 g, 0.5 eq and the nmixture heated to 1ZRSTEP28FA0pG53Nt .
After cooling to anbient tenperature, the suspension was concentrated and
washed several tines with hexane. Fol !;gm ng filtration and drying under
reduced 5 pressure, conplex e 41 was orded as a dark green powder (0.12
g, 78% . Conplex 41: FAB nass spectrum nfz 712 [MCO ]+, 678 [M2Cl]+, 640
[M3Cl]+; IR (cm1) 1597, 1571 (C=N). to EXAMPLE 59 Preparation of
[bis-{((6-pyridin-2-vl)pyridin-2-yl-methyl eneam no) -3, 5-
di met hyphenyl } - net hanel Fe2C 4 42 Under an at nosphere of nltrogen anhydr ous
Fed 2 (0. @o@le}ﬂii&@ﬁ@ﬁiaks mstrﬁhiaszm!séeqM o re2daynenoly’, (A7 M-30y ,$b2r ri ng at
90 C for 30 m nutes. i.,s_yell ow green sol ution 15 was added 25 (0.12 g,
0.20 mol ,[MNg4 )%@ﬂﬂégﬁnl@b(% ‘irred at 100 C for 30 m nutes. On
cool i ng to anbi ent tenperature, hexane was added to conplete the
precipitation. Following filtration, washing with nore hexane and drying
under recEK__ﬁ_MP@E_Sﬁsure corrpl ex 42 was isolated as a dark green powder
(0 04 g 0 ) . F §C1]+ nefr

5 26 BN ESE ' ‘
| bi s- {(6- gﬁﬁbtglu@na Zl(jl%pldl n- 2- yI met hyl eneam no -3, 5-
di i sopr opyl phenyl -nethanelFe, dy 43a 25 Under an atnosphere of nitrogen,
anhydr ous Fecit uengion of anhydnwisNihd 0 dDs 8i60@amol) in mbistanak@p nfl}atml ) by

G 0. 20 ?@m&%ssagéf% R o i e R T L e

fof m ng a geatghtpAdier pidiageo abicadehipahtire, taamspaisxdlemoabmtedmxane was
added to WO 2005/118605 PCT/ EP2005/,00565 147 c ete recipitation.
Fol | owi'hg W45Peq SEVPRhIRARY IR IRETY- %‘?W%?Ml@%&ﬂ@ﬁpmg Sndef fedblc

pressure, complex 39 was afforded as a yellow powder (0.16 g, 46%,).

Complex 39: FAB mass spectrum, nm/z 889 [M-CIJ", 853 [M-2CI1]", 818 [M-3CIJ", 631
~ [M-Ni-4CIJ; IR (em™) 1595, 1571 (C=N).
15
EXAMPLE 57
Preparation of [bis-{4-(pyridin-2-vl-methyleneamino)-3.5-diisopropylphenyl } -4-

isopropyltoluene]Ni>Cly (40)

To a stirred suspension of anhydrous NiCl, (0.03 g, 0. 55 mmol) in #-butanol (5 ml)
20 at 120 °C was added 23 (0.07 g, 0.21 mmol, 0.5 eq.) and the mixture heated to 120°C

ovemnight. After cooling to ambient temperature, the suspension was concentrated

and washed several times with hexane. Following filtration and drying under reduced

pressure, complex 40 was afforded as a dark green powder (0.14 g, 52%).

25 Compound 40: FAB mass spectrum, m/z 887 [M-CI]*, 850 [M-2C1]*, 813 [M-3CI]".

EXAMPLE 58
Preparation of [{4-(pvridin-2-yl-methvleneamino)-3,5-dimethviphenvl} - {4-(pyridin-2-

yl-methyleneamno)-3,5-diisopropvlphenyl} -methane]Ni, Cly (41)




conpl ex 43a was isolated as a dark bl ue powder (0.020 g, 10% Conpl ex 43a:
FAB maszv @g r% mz 917 [MCl] +; “ea5.69 BM 5 EXAMPLE 61 Preparation of
[bis-{( ‘39 dit yl ) pyri di n-2-yl - et hyl eneani no) - 3, 5- %‘FT@B”"S’OO 653

ropyl phenyl } - met hanelFe, G 4 43b Under an at nosphere of nitrogen, anhydrous
Fed 2 (0.01 g, 0.08 nmol) was di ssolxg@ 10 in n-butanol (2 m) by stirring
at 90 C for 30 mnutes. To this green-yellow solution, 26b (0.03 g, 0.08
nmol ) was added and the mixture stirred at 100 C for 30 mnutes formng a
green precipitate. On cooling to anbient tenperature, hexane was added to
conplete the precipitation. Followng filtration and washing with nore
hexane, conplex 43b was isolated as a dark bl ue powder (0.01 g, 25%. 15
Conpl ex 4PP; s hkyBrowd 0.4 Z4Cl] +, 853
[M 2C - F@ rg%? B%F?)gtg] +, ?Rl(qlccﬁr?ﬁ) MVE pﬂﬂn&anq Lligtglrl%?gﬁ or )
exanpl es 631 a@dﬂﬁﬂ)y (01 80D WEWLODSM@I&BB@ mlme IXC&(Gd\tOGIZOIB\C NIA / - ~Fe

Cl NNN R4 X X | 38 X B
Exanpl e Is‘bv "Fégr copling t’%’m%@p“@ Sﬁﬁ”{‘?é’é)‘""%%—??"%?%*ﬁ%f‘%“‘ 20 (27¢)
R=H R wEshB@se\%rzﬁ:tlBIes Eﬁﬁmﬂx&léﬁoﬂ&gﬁg fﬁhatMil ar@(ﬁmb%n&ér dfkdR =R = H X=

CLC G R\Vi /RNC.CI R NNN
5 pressure, complex e 41 was afforded as a dark green powder (0.12 g, 78%).

Complex 41: FAB mass spectrum, m/z 712 [M-CI]", 678 [M-2CI7", 640 {M-3CI}*; IR
(em™) 1597, 1571 (C=N).

10 EXAMPIE 59
Preparation of {bis- {((6-pyridin-2-yl)pyridin-2-yl-methyleneamino)-3,5-
dimethylphenyl }-methanelFe,Cly (42)
Under an atmosphere of nitrogen, anhydrous FeCl; (0.05 g, 0.40 mmol) was dissolved

in n-butanol (4 ml) by stirring at 90 °C for 30 minutes. To this yellow-green solution
15 was added 25 (0.12 g, 0.20 mmol, 0.5 eq.) and the mixture stirred at 100 °C for 30

miinutes. On cooling to ambient temperature, hexane was added to complete the

precipitation. Following filtration, washing with more hexane and drying under

reduced pressure, complex 42 was isolated as a dark green powder (0.04 g, 22%).
20 Complex 42: FAB mass spectrum, m/z 769 [M-2CI]*; O 5.46 BM.
EXAMPLE 60

Preparation of [bis- {(6-pyridin-2-y)pyridin-2- yl-methyleneamino)-3,5-
diisopropviphenyl}-methanelFe,Cly (43a)

25  Under an atmosphere of nitrogen, anhydrous FeCl; (0.05 g, (.41 mmol) was dissolved
in n-butanol (4 ml) by stirring at 90 °C for 30 minutes. To this green-yellow solution,
26a(0.14 g, 0.20 mmol) was added and the mixture stirred at 100 °C for 30 minutes

forming a green precipitate. On cooling to ambient temperature, hexane was added to



RR R CIN,Cl NRC F° RC Exanple 44 (30a) R=H R = M Exanple 48
(32) R= M Exanple 45 (30b) R= M, R, i-Me Exanple 49 (33)R=i-Pr Exanple
46 (3la) WO2004/118605R1 | = i-Pr Exanple 47(31b) R=Me, R, #CIAP2008OREIR2 | / \
\ RNR R R/ / R R \ NRN R2RI NNN N-No | NF4C Rz zd' Fe- N~
Ccd Ccd 'A / d CS NN Exanple 50(34) R =H, RR=R3=R4=Me, R5=H | Exanple 51
(35a) Rl - H R2 = R3 = R4=i-Pr, R5 #4H Exanpl e52 (356) R, = M,
RZ=R3=R4=i - Pr, R5=14 Exanple 59(42) R1 H R2=Me Exanple53 (36) R = H,
R2=R3=R4=i - Pr, R5 Ph Exanple 60 (43a) Exanple 54(37) RR= H R2 =R3 =R4 =
i-Pr, RS5Ph-4-Br Example 61 (43b) RI= M, R2Zi =i-Pr Exanple 55 (38) R =
H R2= R3 - R4 = i-Pr, R5:Ph40—|ExarrpIe56(39) R =H R=R3 =R =
-Pr, RS Ph-4- Pr, R5 Ph-4-iPr
Exarrpl e 58"%%0@3 Efeﬂgﬁ 1??1 By g%’”‘“"ﬁ&mwﬁﬁh‘n%"m OTOREIACEn. 4 Br =
4- br omtolmz\ﬂexm&aaéoﬁteﬂalaﬁ%ﬂmwbm& (0.600 8-196%). = 4- nitrotol uene, and
Ph-4-i - Pr i sopropyl toluene. Polynerization 5 The reagents used in the
pol ymeri zation tests were Ethylene Grade 3.5 (suppl ied from BOC) and

met hyl al u 0 I\@% | ut.i o plied by Aldrich).
GC neasur gtrr%ﬁ % \%/g%e tniagh{e%tt}g@h#'%ﬂg chtl 1:12 ki n mer Aut osystem XL
chromat #gram (Uni versity of Lei cester) [CoI um1 type ZB-5; Colum |l ength 30
m EXAMPLE 61

Preparation of [bis- {(6-pyridin-2-yl)pyridin-2-vi-ethyleneamino)-3,5-

diisopropylphenyl }-methane]Fe,Cly (43b)

Under an atmosphere of nitrogen, anhydrous FeCl, (0.01 g, 0.08 mmeol) was dissolved
10 in n-butanol (2 ml) by stirring at 90 °C for 30 minutes. To this green-yelow solution,
26b (0.03 g, 0.08 mmol) was added and the mixture stirred at 100 °C for 30 minutes
forming a green precipitate. On cooling to ambient temperature, hexane was added to
complete the precipitation. Following filtration and washing with more hexane,
complex 43b was isolated as a dark blue powder (0.01 g, 25%).
15

Complex 43b: FAB mass spectrum, m/z 980 [M]', 944 [M-CI1]*, 909 [M-2CI]", 853 [M-
2C1-Fe]', 817 [M-3C1-Fe]", IR (cm™) 1591 (C=N).

(20 Formulae for examples 38-61



Colum dianmeter 0.25 mm Initial colum tenperature 50-100C] or with a Mss
10 Spectrometer detector [Perkin Elnmer Turbo; |onisation node, electron

i npact ; WRS0S'H8¢§e 50-500 amu; Sol vent CH2C 2]. Di f f er BAT/ERR00SHESsSS N
Calorinetry (DSC) was perfor med usi ng a TA Instrunents - DSC 2920 nodel
using sanpl es of polyethylene WO 20051118605 PCT/ EP2005/ 005653 149 wei ghi ng
61 ng. The device was calibrated usi A48l ndium as a reference standard.

Typi cal scanning conditions are described below. - Heat to 190 Cat 10 Cmn
- Hold for 1 min at 190 C5 - Cool from190 Cto 20 Cat 10 Cmn - Hold
for 1 mnat 0 C- Reheat from0O Cto 190 C at 10 Cmn. For all the
materials one or several peaks are recorded during the heating-cooling-
reheati ng steps 10 Sorre GPC anal yses were pgrfornmed on pol yet hyl ene sanpl e
using a four o at ry m xed B co sﬁ'astal | ed, i he Waters

150C GPC i ns a tenperatur€ foﬁé_ﬁ_
1,2,4-trichl nzn asam)blle phas ) 4 toH:g___ntlnuoust
meter (DRNGWNG multi

noni t or thee | uBnt vvltﬁ(adlfferentlal refra

angl e | aser | ighfe:8Baki€LiRg( MALLS). I n other cases, sanples e 15

anal ysed enpl c&“ﬂ“'r’f%( b) = i xed B colums in 265 the Pol ymer
Laboratory szaﬁh (ﬁﬂ%ﬁdﬁgyfﬁ:unm ng at a terrperatg!l:f?ieI g? 1%40 C, using TCB
as a nobile phase and nonitoring continuously nonitor the effluent with a
differential gefiractometeg (DRI). The results provided by high tenperature
GPC using the DR 8y e poky O\m\q@llcyal ent nolgecul ar wei ght

aver ages glm 42 :
the solid p

\ N esener oY i ssol Vi ng
tc,ﬂ:% C and rengV /
filtration. 13C NWR spectroscopy were perf d usi ng theRfoll g

procedure. SanplL£Sus@fyr-ur, -me
Examgle 45 (30b) R = Me, Ry = Me
Example 46 (31a) R =H, R1 i-Pr
Example 47(31b) R =Me, R, =Ji-Pr

Example 48 (32) R = Me
Example 49 (33)R = i-Pr

Rs

R Ry Ry i

Rz Rz
P N——N| Re R NI--N o Fe«<Ci Cl=Fe
C1C| cl’ CI
Example 50 (34) R = H, R, =R3 =Ry =Me, Rs=
Example 31 (35a) R, =H, Ry = R': =Ryq=i-Pr, R5
FExample 52 {35b) Ry =Me, Rz =Ry=i-Pr,Rs= H Example 5% (@42) R = H, Ry=Me
Example 53 (36) R = H, Rz= R4 =Py, Ry=Fh Example 60 (433) R ;= H, R, = iPr
Example 54 (37} R| =H, R; =R3 =R, = i-Pr, Ry =Ph-4-Br Examnple 61 {43b) R |~ Me, R, = L.Pr
Example 55 (38} Ry =H, Ry = R3 =Ry = I-Pr, Rs = Ph-4-OH
Example 56 (39) Ry = H, Ry = Ry = Ry = i-Pr, Rs =Ph-4-NO,

Example 57 (40 R, =H, Ry = 3 = R4 =i-Pr, Rs = Ph4-iPr
Example 58 (41) Ry =H, Ry =i-Pr, Ry=Ry=Me, Rs=H

Where Ph-4-Br = 4-bromotoluene, Ph-4-OH = 4-hydroxytoluene, Ph-4-NO; = 4-
nitrotoluene, and Ph-4-i-Pr = 4-isopropyltoluene.

Polymerization

5 The reagents used in the polymerization tests were Ethylene Grade 3.5 (supplied from
BOC) and methylaluminoxane (MAQ, 10% wt solution in toluene, supplied by
Aldrich). GC measurements were obtained using either a Perkin Elmer Autosystem XL
chromatogram (University of Leicester) [Column type ZB-5; Column length 30 m;
Column diameter 0.25 mm; Initial column temperature 50—100°C] or with a Mass

10 Spectrometer detector [Perkin Elmer Turbo; Ionisation mode, electron impact; Mass
range 50-500 amu; Solvent CH,Cl,]. Differential Scanning Calorimetry (DSC) was
performed using a TA Instruments - DSC 2920 model using samples of polyethylene



t he pol yethyl ene were dissolved in deuterated TCB (2.5 nl) by heating
overnight at 25 130 T. Deuterated benzene (0.5 nil) was added and the

sol ut i onWi 0B $Weni zed and reheated to 130 C prior toPEREPHNANISEES. The
instrunent used is a Varian Unity Plus 300 using a 10mm br oadband probe at
125 C, with the follow ng acquisition aranmeters: - Spectral w ndow : 20000
Hz WD 2005/ 118605 PCT/ EP2005/ 005653 349 - Acquisition tine : 2.0 sec. -
Nunber of points : 80000 - Filter band width : not used (oversanpling) -
Pulse width : 90 pulse 5 - Delay D1 : 38 seconds - Nunber of transients :
1024 - Decoupler node : YYY - Decoupler nodulation node : Waltz - Line
broadening : 1 10 EXAMPLE 62 Schl enk tube pol ynerization The conpl exes (27a,

270, 27, Z3hind8M1 nill e evicd as Ay B8 g Bl ue St draafion, | 43D

made in the 8xa bove were di ssolve uspen uené (40 m)
and MAO i hypicd seaading Ehaditivhearedssopibedeelowt t h et hyl ene and the contents
stirred under 15 qne bar é%OO_kPa) of ethylene pressure at 25 C for the
duration of FW@“B&P9n€ﬁ¢2 {0 After a pre-determ ned tine (see tables),

the run was addi ti on of aqueous hydrochloric acid. The
pol ymer s mer%ﬁﬁl(%gre agﬁ%sagshed wi th nethyl alcohol and dried under

r educeds pr-esslabEfrath 190 °C togeraight Chhm filtrate was coll ected and the
organi ¢ l-ayer separated and dried over anhydrous 20 magnesium sul fate. The
resul ting or &k ©rdheisat 0¢ent ai ni ng any ol i goneric portion, was prepared

for quantitabiye, G anahysis) Qy0id 449 the solution to 50 m with toluene

For all the materials one or several peaks are recorded during the heating-cooling-
reheating steps.

10 Some GPC analyses were performed on polyethylene sample using a four Polymer
Laboratory mixed B columns installed in the Waters 150C GPC instrument running at
a temperature of 135 °C, using 1,2 4-trichlorobenzene (TCB) as a mobile phase and
monitoring continuously monitor the effluent with a differential refractometer (DRI)
and multi angle laser light scattering (MALLS). In other cases, samples were

15 analysed employing a two column mixed B columns installed in the Polymer
Laboratory 220 GPC instrument running at a temperature of 160 °C, using TCB as a
mobile phase and monitoring continuously monitor the effluent with a differential
refractometer (DRI).
The results provided by high temperature GPC using the DRI are polystyrene (PS)

( 20 equivalent molecular weight averages given as M, M,, and M;. The samples were
prepared by dissolving the solid polymers in TCB at 135 °C and removed unsoluble
material by filtration.
13C NMR spectroscopy were performed using the following procedure. Samples of
the polyethylene were dissolved in deuterated TCB (2.5 mi) by heating overnight at

25 130 °C. Deuterated benzene (0.5 ml) was added and the solution was homogenized
and reheated to 130 °C prior to the analyses. The instrument used is a Varian Unity
Plus 300 using a 10mm broadband probe at 125 °C, with the following acquisition
parameters:

- Spectral window : 20000 Hz



in a volunetric flask and addi ng 1- heptadecene as an internal standard. The
runs are sunmarised in Table | show ng the distribution of the oligoneric
and pol YH@RPS118005t i ons. Details of ol i goner and pol ymeRCHRBR0A%#WSFIISat i on
are shown in Tables 2-8. 25 WO 2005/118605 PCT/ EP2005/ 005653 151 Table 1
Et hyl ene pol ynerization results fromyruns I - 17" Run ;:. gnpd Ac t ivator
A igozners Polyners Activity (0 010 nJéphyI al unoxane (g)b (g/ mml/h/bar) Run
27a 0.01/1000 0.77 0.32 218 2 27b 0.01/1000 1.10 0.06 231 3 27c
.01/ 1000 0.69 0.44 225 4 29a 0.0037/368 3.435 0.562 799 5 29b 0.0037/368
.358 0.210 114 6 31a 0.01/1000 - 1.23 246 7 32 0.0037/368 2.111 0.210 464
33 0.0037/368 0.205 0.086 58 9 34 0.004/400 1.000 0.070 214 10" 35a
.003/300 1.4 / 220 .. 35b 0.003/300 1.111 0.420 153 12 37
00307185 1 A5ATHOSEET 2000 327 0010/ 165 0. 211 O 425 127 14 39
. 0019/ 185 O0- Kafhber 6630t 28900005 42 0. 0019/185 1.243 0.431 335 16 43a
. 0019/ 185 0.%91 g'476'd§l§- 17" 43b 0.003/300 0.112 0.27 38 ' General
Condi tions: THIGERMGHIdLROt U (@V§TsamRliRg) eaction time 30 min, ethylene
pressure | bapykd QatkPad » phgaction quenched with dilute HA; boligoners
i solated from

5 - Delay D1 : 38 seconds

- Number of transients : 1024
- Decoupler mode : YYY

-

COO0OQOWOOHr

- Decoupier modulation mode : Waltz
- Line broadening : 1
10
EXAMPLE 62 Schlenk tube polymerization
The complexes (27a, 27b, 27¢, 29a, 29b, 31a, 32, 33, 35a, 35b, 36, 37, 38, 39,42, 43a,

43b) made in the examples above were dissolved or suspended in toluene (40 ml) and
MAQ introduced. .The tuBe was purged with ethylene apd the contents stirred under
15 one bar (100 kPa) of ethylene pressure at 25 °C for the duration of the polymerization.
After a pre-determined time (see tables), the run was terminated by the addition of
aqueous hydrochloric acid. The polymers were filtered and washed with methyl
alcohol and dried under reduced pressure at 40 °C ovemight.
The filtrate was collected and the organic layer separated and dried over anhydrous
20 magnesium sulfate. The resulting organic phase, containing any oligomeric portion,
was prepared for quantitative GC analysis by diluting the solution to 50 m! with toluene
in a volumetric flask and adding 1-heptadecene as an internal standard. The runs are
summarised in Table 1 showing the distribution of the oligomeric and polymeric
portions. Details of oligomer and polymer characterisation are shown in Tables 2-8.

25



5 polynmer filtrate as described above; 'reaction time 60 mn., other
conditiorl’? 35 zlg f ootnote a WO 2005/ 118605 PCT/ EP2005/ 005653 152 Table 2
Di f ferentY 22O ng cal orimetric (DSC) studies for t héPOUEE2EY4986330r t i on
obtained fromruns 1, 3, 4, 5 7, 9 and 13 Rutl Pieca a~yst ~c-I C Tm O
Y 87.7 81.8 1 27a 118.8 114.0 126. 17.0 83.0 3 27c 108.6 121.0 122.0
107.7 4 29a 84.4 76.3 5 29b 112.1 1272 122.8 108.7 7 32 86.2 77.3
68.47 74.21 9 35a 104.80 116.60 82.4 89.3 13 38 112.68 123.43

Table 1 Ethylene polymerization results from runs 1 - 17°

mpd{. " ‘Activator | Oligomers| Polymers | Aetivity- -
(010 | meltylaomoxane |5 (@F | @) {(ghmmo
1 | 27a | 00171000 077 | 032 | zis
2 27h 0.01/1000 1.10 0.06 231
3 27¢ 0.01/1000 0.69 0.44 225
{ 4 29a 0.0037/368 3.435 0.562 799
5 29hb 0.0037/368 0.358 0.210 114
6 31a 0.01/1000 - 1.23 246
7 32 0.0037/368 2.111 0.210 464
8 33 0.0037/368 0.205 0.086 58
9 34 0.004/400 1.000 0.070 214 |
10° 35a 0.003/300 1.408 0.620 220
11° 35b 0.003/300 1.111 0.420 153
12 37 0.0019/185 1.406 0.183 318
13 38 0.0019/185 0.211 0.425 127
14 39 0.0019/185 0.459 0.0630 229
( 15 42 0.0019/185 1.243 0.431 335
16 43a 0.0019/185 0.401 0.476 88
17¢ 43b 0.003/300 0.112 0.27 38

General Conditions: Toluene solvent (40 ml), 25 °C, reaction time 30 min, ethylene
pressure 1 bar (100 kPa), reaction quenched with dilute HCL; olipomers isolated from
5 polymer filtrate as described above; “reaction time 60 min., other conditions as in

footnote a



' The results di spl ayed above have been obtained foll ow ng the protocol
describgg t he general polynerisation experinental section and correspond
to the c 9529%”11?%“ on 5 peak T. and nelting peak T. obBET¥RA0080PT68} t he
reheating of the sanple. Selected polyneric and oligneric portions of the
pol yet hyl ene produced by runs 1, 3, 4, 7, 10, 11, 13, 14, 16 and 17 have
been anal ysed using 'H and 13C NMR sH@Ctroscopy The results are di spl ayed
in Tables 3, 4 and 5. 10 Table 3 IH NMR spectroscopic data for the
oligoneric portion obtained in runs 4, 10, 11, 12, 13, 14, 16, 17a,b Run
Precat. -CH=CH2 -CH=CH -CH=C< >C=CH2 Additional Me WD 2005/118605

PCTI EP2005I 005653 153 4 29a 52.53 2.96 0.38 0.48 12 10 35a 4.14 20.4 1.71
0.06 61.0 48 0. 07
52.96 13 357 DaryoBlschinRl ol SOy e S Mo gt opglod s s 16
43a 59. 89 obtagedGromn s 1, BA, 517, sl B?. 16 2.8 0.016 0.16 10.26 aper 1000

carbon atgns;—detatts u‘_ﬂh“MLHF“”Lspeﬂlygf“"@fﬁ precedpre—are—authned in
the genefal” Riperii nerit a| 'sectirenifins thel polynEif@at ion| sectTafC) 5:Tabl e 4
'H NVR spéctrioscopi ¢ dala for tha:pblynerid portions obfakded in runs 1, 3,
10, 11, @3 and 17a,b 1YRun Precat. CH-C%E CHECH CHEC< BCs, mgjkkhtlonal Me
1 27a 1.93 5.41 0.31 0 B 27c 2.22 4.96 0.26 0 ¥1.85a 1.8 7.94 0.48 Q.01
36. 55 1 27a 118.8
114.0
126.4
77.0 83.0
3 27¢c
108.6 121.0
122.0 107.7
4 29a
84.4 76.3
5 29b 112.1 127.2
122.8 108.7
7 32
86.2 77.3
68.47 74.21
9 35a
104.80 116.60
82.4 §9.3
13 38
112.68 123.43

“The results displayed above have been obtained following the protocol described in
the general polymerisation experimental section and correspond to the crystallization

5 peak T, and melting peak T, observed during the reheating of the sample.

Selected polymeric and oligmeric portions of the polyethylene produced by runs 1, 3,
4, 7, 10, 11, 13, 14, 16 and 17 have been analysed using 'H and “C NMR
spectroscopy. The results are displayed in Tables 3, 4 and 5.

10

Table 3 'H NMR spectroscopic data for the oligomeric portion obtained in runs 4, 10,
11, 12, 13, 14, 16, 173 ._
Run! Precat.| -CH=CH; -CH=CH- | -CH=C< >C=CH; | Additional Me




11 35b 0.94 7.68 0.47 0.03 83.4 13 38 1.31 2.86 0.12 0.01 27.53 17 43b
7.38 O.SSgﬁ.ég 0.31 1.96 aper 1000 carbon atons; details of the

spect r os COPROS ¥R dure are outlined in the gener al expéF]ﬁ@HP%Wm§§étlon f or
t he polynerization section; “~Not been determ ned. 10 Table 5 13C NWMR
spectroscopic data for the oligoneric ggrtlons obtained in runs 1, 3, 4 and
7a b Run Precatal yst Methyl 1,3- Hexyl™* Total WD 2005/ 118605

PCT/ EP2005/ 005653 154 diethyl 1 27a 15.03 2.73 11.64 29.41 3 27c 22.42
2.12 5.59 30.14 4 29a 1.80 1.80 7 32 9.0 9.0 per 1000 carbon atons; b
details of the "C NVR spectroscopi c procedure are outlined in the general
experinental section for the polynerization section. Table 6 GC results for

thg oliggnergd pogti rn obtrasned i n2mpgns 1038, 3,| 4, 48, |8, 1972 16 and
17' Run Btecatlalyst ia. (Al pha value) J3 (B eta [ ue) 1127a 091 Q.09 2
27b 0.98 |0. 08| 35m7c [0. 94Dt 06 4 2064 0.]9676.04 | 5 HN6 0/96 6182 7 B2 0.79
0.27 8 3995 3573 1764 | 135 0.07 $9.09

3] 37 6.02 2055 | 148 0.07 52.96

13 38 7.65 17.25 1 0.01 52.78

14| 39 6.7 19.51 1.19 0.09 61.25

16 | 43a 59.89 1.61 0 0.04 7.84

171 43b 57.16 2.8 0.016 0.16 10.26

( *per 1000 carbon atoms; ° details of the "1 NMR spectroscopic procedure are outlined

in the general experimental section for the polymerization section.

5 -~ Table 4 'H NMR spectroscopic data for the polymeric portions obtained in runs 1, 3,
10,11, 13 and 17“’

Rnn al Precat -CHﬁC< | >C=CH; | Additional Me-
T 2 193 541|031 0 N
3 27¢ 222 496 0.26 0 ¢
10 | 35a 18 794 0.48 0.01 16.55
11| 35b | 094 7.68 0.47 0,03 834
( 3 | 38 131 2.86 0.12 0.01 27.53
17| 43b 7.38 0.56 0.22 0.01 196

®per 1000 carbon atoms; ” details of the 'H NMR spectroscopic procedure are outlined
in the general experimental section for the polymerization section; “Not been
determined.

10

Table 5§ *C NMR spectroscopic data for the oligomeric portions obtained in runs I, 3,
4 and 7*°
Run Precatalyst Methyl 1,3- Hexyl + Total




1542088014 16 43a 0.75 0.33 17 43b 0.56 0.79

VBBt s

((3) vaI
a Schul z

hen determ ned from GC usi ng extrapol at ed
tribution for C4-C8 and C22-C26 for tHel/BPI4aAY6s3

"Al pha (a) and Beta

val ues based on

gathered in runs 1, 2, 3, 4, 5, 7, 8, 15, 16 and 17 enpl oyi ng |-heptadecene

as an internal standard. Al pha (a)= C'+2 olefin)/n(C" olefin), where n(C
olefin) is the 10 nunber of noles of efin containing n carbon atons, and
n(C'+2 olefin) is the nunber of noles of olefin containing n+2 carbon
atons, and is the rate of propagation over the sumof the rate of
propagation and the rate of chain transfer. Beta ((i = (l-a)/a and is the
rate of chain transfer over the rate of propagation WO 2005/ 118605

PCTI EP2005/.005653 - §I55 Tablie 7TGPC data T[or. )qgl - gomar|\.c-'por-t1‘0ns-,,_0-ta_;'ei ned
inruns 4.5, 7,10} 13, 14.16]:'and 17a LCt)r M MNM, : o -
Precatal ydt ~ +3 429827840 330|158335 5 [2% 2270 250 1.& 08 7224120 200 -
1. 67 10 358260—646—13102-581=-13-38234-660-36402 8/ —14-30-210-610—1650
2,87 16|43a 100 170 286 1.7 17°#3b 100]160°320 1.[6-89 ' MA, ap wer e |t hen
det erm ned by pérTarmqyg GPC anglggSes usijng the VArers QPL TPgRHUTENT ON
both ol i gomeric _and_polyneric portions off the polyners produced in runj4,

5 7, 10/713, 14, 16 & 17. 9.0 9.0

*per 1000 carbon atoms; b details of the “C NMR spectroscopic procedure are outlined

in the general experimental section for the polymerization section.

Table 6 GC results for the oligomeric portion obtained inruns 1, 2,3,4 5,7, 8, 15,16

5 and17?

< Run P Precatalyst,. ¢ 7| a (Alpha valug) | B (Bega alue)’
I |2 091 009 T
2 27b 0.98 0.02
3 27¢c 0.94 0.06
4 29a 0.96 0.04
5 29b 0.96 0.04
7 32 0.79 0.27
8 a3 0.90 0.11
15 42 0.88 0.14
16 43a 0.75 0.33
17 43b 0.56 0.79
°Alpha (o) and Beta () values were then determined from GC using extrapolated
values based on a Schulz-Flory distribution for C4-C8 and C22-C26 for the oligomers
gatheredinruns 1, 2, 3, 4, 5,7, 8, 15, 16 and 17 employing |-heptadecene as an
internal standard. Alpha (o)= n(C,4; olefin)/n(C, olefin), where n(C, olefin) is the

10 number of moles of olefin containing n carbon atoms, and n(Cp+; olefin) is the number

of moles of olefin containing n+2 carbon atoms, and is the rate of propagation over the

sum of the rate of propagation and the rate of chain transfer. Beta (B = (1-o)/ot and is

the rate of chain transfer over the rate of propagation.



10 Table 8 G°C data for polymeric portion obtained in runs 5, 7, 10, 11, 16
and 17a MN M1 Run Precat lyst "Mh Mv Mz 5 29b 8225 16897 39919 2.35 7 32
6286 15780 WMWY 51 10 35a 1097 5571 39926 5.07 |1 BSB/EPIS09568Y 7505
1.79 16 43a 3348 15406 85640 3.74 17 43b 1834 300801 666060 1 16.40

aAnal ysed usi ng the Pol ynmer LaboratorugS GPC i nstrunent using the procedure
outlined in the general experinental t he pol ynerisation section. WO
2005/ 118605 PCT/ EP2005/ 005653 156 Wiile certain representati ve enbodi nents
and details have been shown to illustrate the invention, it will be
apparent to skilled artisans that various process and 5 product changes
fromthose disclosed in this application nay be nade w thout departing from
this invention's scope, which the appended clains define. Al cited
patents, test procedures, priority docunents, and other cited docunents are
fully incorporated by reference to the extent that this material is

consi st ent i i gt S i ch such

i ncor por at %Ieh? gﬂ’lcsdﬁzfe)g)%]lié&%%h%gc?gﬂmkg %&Fgély%n%ghg’ jp?gslejngd"i vention
are descri bedl1?n ternms of a set of nunerical upper linmts and a set of

nuneri cal —imts. This -spec cat. +oses_all-—ranges. fornmed by
any conbi Hon - of) 1 Hase, Sltr i it F B | ‘(':‘Qr%wﬁa;%’[i,on se M Ms are
wi thin theiscope. df he LHyvent{ on unl-esls ot herw $8°§ i = ¥
2005/ 118605 PCTI ER2985/ 005653 | 1330 O aj % - 235
5 29b 120 250 - 2.08
‘ 7 32 120 200 - 1.67
{
' 10 35a 260 670 1310 2.58
13 38 230 660 1640 2.87
14 39 210 610 1650 2.87
16 43a 100 170 260 1.7
17 43b 100 160 240 1.6

5 *Mw and Mn were then determined by performing GPC analyses using the Waters
GPC instrument on both oligomeric and polymeric portions of the polymers produced
inrun4, 5,7, 10,13, 14, 16 and 17.

10 Table8 GPC data for polymeric portion obtained in runs 5, 7, 10, 11, 16 and 17*

3 Run ' o Precatalyst :'féMn ;‘ MW Mz Mw/ Mn
s 20 T8225 [ 16897~ |399i6 | 235
7 32 6286 15786 c0384 | 2.51
10 35a 1097 | 5571 39926 | 5.07
11 35h 1551 | 2787 7505 179
16 432 3348 15406 85640 | 3.74
7 a3b 1834 | 300801 666060 | 16.40

*Analysed using the Polymer Laboratories GPC instrument using the procedure

outlined in the general experimental for the polymerisation section.



1. A transition nmetal catal yst conpound represented by the fornula: Q R R
RR/\kR‘§ --L-NgRR ~~(X, mR ZR\ \ 5 where: Mand M are,

i ndepend¥R2IG/11860%r oup 8, 9, 10 or 11 transition netal ; PEREMRMEGISEEH | s,

i ndependently, is, hydrogen, or a hydrocarbyl substit ut ed hydr ocar byl ,

hal ocar byl , substituted hal ocar byl , yIcarbyI, substituted sinIcarbyI,
10 gernyl carbyl, or substituted ger arbyl substituents, and optionally,
adj acent R groups may join together to forma substituted or unsubstituted,
saturated, partially wunsaturated, or aromatic cyclic or polycyclic
substituent; R is hydrogen, or a hydrocarbyl, substituted hydrocarbyl,

hal ocar byl , substituted halocarbyl, silylcarbyl, substituted silylcarbyl,
gernyl carbyl, or substituted 15 gernylcarbyl substituents, and optionally,
adj acent R groups may join together with R to forma substituted or
unsubstituted, saturated, partially unsaturated, or aromatic «cyclic or

polycycllc sub uen each rou 's 'nd p ent | i S Irogen,

hal ogen, ﬁ{hﬂt’e ?Wmieﬁ'éé FH’[%%‘ %Pag&?% %”éﬁ%&ﬁ?%ﬁ substl t ut ed
hal ocar byhtusﬁatbmecﬁtfamon BWAE bbtapkﬁaﬁ‘éhtfid) lsktillé@ﬁtbﬂédms tR& »ﬁﬂbﬁ%xﬁaésbxhd or
substituted gernyl carbyl substituents, and o tlonaIIy, adj acent X groups

may j oPn Produetivhanges fios those Siselesediin thig applicatienmay ibe madg withastr at ed,

partially C r I ubstltuent WO
o0/ 11cetE R B nyBhadLe SRk Wi Maren R MG GBRE TR T YD
3; z and z' arall dmsdpptemd;aﬂattlgmcdaurei,,prﬂ;ritpdoﬁtmenl’td; aﬁd oiher cigdn; Qi s

YA 0GEN, 0t Y RS R oA e B SR QG2 - Subst uted

consistent with this specification and for all jurisdictions in which such incorporation
10 is permitted.
Certain features of the present invention are described in terms of a set of numerical
upper limits and a set of numerical lower limits. This specification discloses all
ranges formed by any combination of these limits. All combinations of these limits
.are within the scope of the invention unless otherwise indicated.

15



5 hal ocarbyl, silylcarbyl, substituted silylcarbyl, gernylcarbyl, or
substituRg& erg%lcarbyl substituents; Qis hydrogen, or a hydrocarbyl,
substi t ut ZW%Q arbyl, halocarbyl, substituted hal ocRIVER2045a0§453ar by |,
substituted silylcarbyl, gernylcarbyl, or substituted gernylcarbyl
substituents; and 10 L is a hydrocarb *7 substituted hydrocarbyl,

hal ocar byl , substituted hal ocarbyl, | yl carbyl, substituted silylcarbyl,
gernyl earbyl, or substituted gernylcarbyl substituent. 2. The conpound of
claiml wherein Mand Mare, independently Ni, Co, Pd, 15 Cu or Fe. 3. The
conpound of claiml or 2 wherein each R group is, independently, selected
fromthe group consisting of hydrogen, Cl to C20 hydrocarbyls, and d to
C20 substidtuingd phenyls. 20 4. The conmpound of any of the above clains
wherein each R group is, independently, selected fromthe group consisting
of ethyl, nethyl, propyl, butyl, pentyl, hexyl, septyl, octyl, nonyl,
decyl, undecyl, deg Qﬂgpy .The conmpound of
any of thgﬁaboﬁ%gb %ﬁ%%mﬁﬁQ%ﬁ%kmﬁsgggmgg%g%%e f%%$? e I%jroup consi sting of
hydrogen, C to C20 hydrocarbyls, and O to C20 substituted phenyls. WO
2005/ 118605 PCTI EP2005/ 005653 159 6. The conpound of any of the above
clains wherein R is selected fromthe grougg' igsting of ethyl, nethyl,
propyl, butyl, perRyl, Rexyl, septyl, octyl, n decyl, undecyl,

dodecyl, phenyl, gnd—ndt\nyl pienyl. 5 7. Th any of the above
cl ai s wherein ea i Q /s, indepéﬁ&@n(r sel fgcted fromthe group
consi sting of H§‘ o C20

(

where:
M and M' are, independently, a group 8, 9, 10 or 11 transition metal;
each R group is, independently, is, hydrogen, or a hydrocarbyl, substituted
hydrocarbyl, halocarbyl, substituted halocarbyl, silylcarbyl, substituted silylcarbyl,

10 germylcarbyl, or substituted germylcarbyl substituents, and optionally, adjacent R
groups may join together to form a substituted or unsubstituted, saturated, partially
unsaturated, or aromatic cyclic or polycyclic substituent;

( R'is hydrogen, or a hydrocarbyl, substituted hydrocarbyl, halocarbyl, substituted

halocarbyl, silylcarbyl, substituted silylcarbyl, germylcarbyl, or substituted

15 germylcarbyl substituents, and optionally, adjacent R groups may join together with
R' to form a substituted or unsubstituted, saturated, partially unsaturated, or aromatic
cyclic or polycyclic substituent;
each X group is, independently, is, hydrogen, a halogen, or a hydrocarbyl, substituted
hydrocarbyl, halocarbyl, substituted halocarbyl, silylcarbyl, substituted silylcarbyl,

20 germylcarbyl, or substituted germylcarbyl substituents, and optionally, adjacent X
groups may join together to form a substituted or unsubstituted, saturated, partially

unsaturated, or aromatic cyclic or polycyclic substituent;



hydrocarbyls, and O to C20 substituted phenyls. 8. The conpound of any of
t he abowg clains wherein each Qand Q is, 10 independently, selected from

the groufORIE6g of ethyl, nethyl, propyl, butyl, BEREPR005HES6SS
septyl, octyl, nonyl, decyl, undecyl, dodecyl, phenyl, and nethyl phenyl. 9.
The conpound of any of the above cl ai wherein each X is, independently,

15 selected fromthe group consisting chlorine, brom ne, fluorine,

nmet hyl, ethyl, propyl, isopropyl, butyl, t-butyl, pentyl, hexyl, phenyl,
and net hyl phenyl. 10. The conpound of any of the above clains wherein L
conprises an aryl group. 20 11. The conpound of any of the above clains
wherein L is selected fromthe group consisting of. Phenyl,

2, 5- d|netgygﬂn%nﬁgln¢%mam§u et nages:hyl phenyl,  Naphtal enyl, Anthracenyl,
Phenantracenyl r ysenely Tri phényl enyl | MD 2005/ 118605

PCT/EPZOOSmQOSBE&ln@ﬁ@nﬁmﬂﬁﬁédyﬂnmﬁhylenyI Di - ( 3- met hyl phenyl ) - net hane,

D -(3,5-di tq¥ henyl ) - net hane, Di- (3, 5- dlisopropylylphenyl)-nethane,
(3- nethylbﬂ% 1%@ 5-di i sopropyl yl phenyl ) - net hane,

(3, 5-di rre@tgl]-ghﬁfg\ﬁh,)c(ra H@'dﬂ)lchﬂjgprsﬁlﬁb!ih)tb@ﬁﬁﬁﬁéa)rbﬁ?hdl@d&ﬁ;yl substituted
1,1'-(1, 2- ethaned|¥ ) bi s- benzene,
5' -t et Sambalegarbyl, silylparbyl, sibstifviedi S}lwscarb:yl tﬁé’ﬁ'&lélﬁ%fbyl or substituted

germylcarbyl substituents;
Q' is hydrogen, or a hydrocarbyl, substituted hydrocarbyl, halocarbyl, substituted
halocarbyl, silylcarbyl, substituted silylcarbyl, germylcarbyl, or substituted
germylcarbyl substituents; and

10 L is a hydrocarbyl, substituted hydrocarbyl, halocarbyl, substituted halocarbyl,
silylcarbyl, substituted silylcarbyl, germylcarbyl, or substituted germylcarbyl

substifuent,

2. The compound of claim 1 wherein M and M’ are, independently Ni, Co, Pd,
15 CuorFe.

3. The compound of claim 1 or 2 wherein each R group is, independently,
selected from the group consisting of hydrogen, C1 to C20 hydrocarbyls, and C1 to
C20 substituted phenyls.

20
4. The compound of any of the above claims wherein each R group is,
independently, selected from the group consisting of ethyl, methyl, propyl, butyl,
pentyl, hexyl, septyl, octyl, nonyl, decyl, undecyl, dodecyl, phenyl, and
methylphenyl.

25
5. The compound of any of the above claims wherein R' is selected from the
group consisting of hydrogen, C1 to C20 hydrocarbyls, and C1 to C20 substituted
phenyls.



3,5,3,5 -tetralsopropyl 1,1 -(1, 2- et hanedi yl ) bi s- benzene,

1,1 -(1, Sro anedi yl ) bi s- benzene

3,5, 3' 5'WOSHARORy| - 1, 1' - (1, 2- et hanedi yl ) bi s- benzene, PCI/EP2005/005653
3,5,3, 5'-tetra|sopropyl 1, 1'-(1,3 -propanediyl)bi s-benzene,

1, 1'-(1 2- et henedi yl ) bi s- benzene

3,5 3,5 -tetranethyl - (1, 2- ethenedlyI}%?s benzene,

3,5,3,5 -tetrai sopropyl -(1, 2- et henedi yl ) bi s-benzene,
1,1'-(1,2-ethynediy|)bis-benzene, 3,5,3,5 -tetranet hyl -

' -(1, 2- et hynedi yl ) bi s- benzene,

3,5,3", 5'-tetraisopropy| 1,1 -(1, 2 et hynedi yl ) bi s- benzene,

1, 6- dlphe | -n

1, 6-di- (3ny5 d?ﬁgépr %ﬁ%ﬁg”ﬁ’ c?%§$gﬁghm¥%ﬂgﬁg¥ ﬁeny ﬁl%ﬂenanthrene

3, 6-di - (3 grbuglcomsishiyg pﬁethyl )neﬂfyé,rmomﬂ,r‘tmﬁﬁ, pentyl hexyl, septyl, octyl, nonyl,

3, 6-di - S t hr.ene blphenyl

3,5,3", ‘?‘3&"’ Hﬂ‘get%ﬁt])%‘ilgcyﬁ E’i?é‘rqﬂethylg Y% 5" _tetrai sopropyl-1,
I'-blphenyl [1,1 ;4',1"]terpheny| 2,3, 5",6"-tetranethy|-[ 1,1
4',1"]terpheny| WO 2005/ 118605 PCT/ EP20051005653 161

2,3, 5", 6"-T-et r alnommeyind plany of the abov elaimehgrein each Q and Q' s,

2,3 5,6 2' A RC B S o dodeca phenyl, [1,4";
1,1 4 ‘Tﬁeﬁeaﬁ%‘%@lé’r S%e‘%’q 2 rorj Te gLoup gans %‘Sgroggéd%%é% EJI F?tbm 1.1 :4"1

1]_

quat er pﬂiselmdarbylszaﬁd 5fllo szt)shmmecspwngpyl [ 1,4 ; ,111; 4", 1
"']quat erphenyl, 2,3,5,6,2',3 ,5",6',2",3",5", 6" 2", 3"
5"',6"'-hexadecanethy|-[ 1,4';1',111;4", 1 "']quaterphenyl,

( 8. The compound of any of the above claims wherein each Q and Q' is,

— -

10 independently, selected from the group consisting of ethyl, methyl, propyl, butyl,
pentyl, hexyl, septyl, octyl, nonyl, decyl, undecyl, dodecyl, phenyl, and
methylphenyl.

9. The compound of any of the above claims wherein each X is, independently,
15  selected from the group consisting of chlorine, bromine, fluorine, methyl, ethyl,

propyl, isopropyl, butyl, t-butyl, pentyl, hexyl, phenyl, and methylphenyl.

10.  The compound of any of the above claims wherein L comprises an aryl group.

( 20 11, The compound of any of the above claims wherein L is selected from the
group consisting of.
Phenyl,
2,5-dimethylphenyl,
2,3,5,6-tetramethylphenyl,
Naphtalenyl,
Anthracenyl,
Phenantracenyl,
Chrysenelyl,
Triphenylenyl,



NN w

,5,3"",5""-tetra-tert-butyl-[1,1 ;4,1 ;4",1";4"" ;1 ""]qui nquephenyl
4-f|uoro phenyl ) - di phenyl - et hane,

4-f1 uor¥9, @ﬁ‘rﬁp‘%"-s i - (3, 5-di met hyl phenyl ) - net hane, PCT/EP2005/005653

4-fl uoro-phenyl)-di- (3, 5-diisopropyl phenyl) - net hane,

(4- chl or o- phenyl ) - di phenyl - net hane, £4 chl oro- phenyl )-di-(3, 5

- di net hyl phenyl ) - net hane, (4-chl oro-

fbnyl ) -di- (3,

5-di i sopropyl phenyl ) - net hane, (4-brono-phenyl) -di phenyl - met hane,
(4- br ono- phenyl ) -di - (3, 5-di net hyl phenyl ) - et hane,
(4- brono- phenyl ) -di - (3, 5-diisopropyl phenyl) - net hane,

BAABMRARARAAAMIMO_ODD

di phenyl - net hyl ] - benzal dehyde,

[
[ bi s- (3[ﬁ]%h fh enyl) nmet hyl ] - benzal dehyde, 4-[bis- (3,
di sopropg gﬁﬁ ? net hyl ] - benzal dehyde, 4-[di phenyl - net hyl ] - phenol ,

b:s-(315{&%mﬂhﬁ@hx@ben¢hpunethyI] phenol, 4-[bis-(3,

i nmet.hyl h I 4-[ di ph | - met hyl ] -thioph |,
| SOP R SRS IR I diperol [ pheny! - ety ]t hi opheno
is- (3I§'(9"5k§ﬁ9;?1@§¥lkrtﬁh@ﬂﬂﬂlﬁetﬁ%%hy| ] - t hi ophenol ,

i

i

is

phenyl enzoi ¢ acid

s- (3(snmhmmyl)ﬁtﬁdysopwmdﬁphe}mmémtbm@, aci d,

d,
i phemﬁl55 %ﬁﬂfﬁ‘ﬁ’u}/yl)r@ge&éﬁ?éﬁgel % %ﬂggﬁﬁgéog%w EP2005/ 005653 162
is-(3 151J-d1 zﬁetﬂayédlplblﬁg.ysbﬁzdﬁet hyl ] - n| tro-benzene,

:;hgﬁ il popropylRhenyl) el il - benzene.

I's- (333 HisRtMKbsBRFN L @&tﬂé(ﬂehlﬁﬁaihzﬁé?éalé‘ e,
1,1'-(1,3-propanediyl)bis-benzene,
3,5,3',5-tetramethyl-1,1'-(1,2-ethanediyl)bis-benzene,
3,5,3',5'-tetraisopropyl-1,1'-(1,3-propanediyl)bis-benzene,
1,1'-(1,2-ethenediyl)bis-benzene,
3,5,3',5'-tetramethyl-(1,2-ethenediyl)bis-benzene,
3,5,3',5'-tetraisopropyl-(1,2-ethenediyl)bis-benzene,
1,1'-(1,2-ethynediyl)bis-benzene,
3,5,3",5-tetramethyl-1,1'-(1,2-ethynediyl)bis-benzene,
3,5,3,5'-tetraisopropyl-1,1'-(1,2-ethynediyl)bis-benzene,
1,6-diphenyl-naphthalene,
1,6-di-(3,5-dimethylphenyl)-naphthalene,
1,6-di-(3,5-diisopropylphenyl)-naphthalene,
3,6-diphenyl-phenanthrene,
3,6-di~(3,5-dimethylphenyl)-phenanthrene,
3,6-di-(3,5-diisopropyl)-phenanthrene,
1,1"-biphenyl,
3,5,3",5-tetramethyl-1,1"-biphenyl,
3,5,3",5'-tetraisopropyl-1,1'-biphenyl,
[1,1%4'1"terphenyl,
2,3,5",6"-tetramethyl-[1,1;4",1"Jterphenyl,



4-[ bi s- (3 5-di i sopropyl - phenyl ) -met hyl | - benzenam ne, di phenyl - et her,
bis-(3,5 dIﬁEthY }ghenyl)-ether, bi s- (3, 5-di i sopropyl - phenyl) - et her,

di pheny! - WA 198511868 (3. 5- di net hyl - phenyl ) - ani ne, PCT/EP2005/005653

bi s- (3, 5-diisopropyl -phenyl)-am ne, diphenyl-phosphine,

bi s- (3, 5-di net hyl - phenyl ) - phosphi ne,
bis-(3,5-diisopropyl-phenyl)-phosphinel-,ﬁ1 di phenyl sul fide,

bi s- (3, 5-di net hyl - phenyl )-sul fide, bis-(3,5-diisopropyl-phenyl)-sulfide,
met hyl - di phenyl - bor ane, net hyl - bi s- (3, 5-di net hyl - phenyl ) - bor ane,

met hyl - bi s- (3, 5-dii sopropyl - phenyl ) -borane, nethyl -di phenyl -al um ni um
nmet hyl - bi s- (3, 5-di net hyl - phenyl ) -al um ni um

nmet hyl - blSZQ%W%W@ﬁgﬁﬁﬁﬁﬁ@Yh'ﬁgﬁpqg hym1n|un1 di met hyl - di phenyl - si | ane,
5

di met hyl sl | ahe,
di met hyl - b23;5%82'3.a14', bb?ﬁbykkwh@mymwdiﬂﬂbﬁéfﬁmﬁmﬁwﬂiphenyl-pyrrole, 2,

g- gl- EI- g?( SBSBO{TF ngllr"ég\iﬁl%%]ﬁ%w I>/; I’ gly(rar ol e, WD 2005/118605 PCT/ EP2005/ 005653
163 2, 5- dp plmengrltetridedBmetBiy SFitd' 9+ (84", B ghat@phetyt,phenyl ) - f ur an,
2,3,5™,6"-tetraisopropyl-[ 1,4';1',1";4",1"]quaterphenyl,
2,3,5,6,2,3',5',6',2",3",5",6",2"™ 3" 5™ 6"-hexadecamethyl-{1,4';1',1";4",1"]quaterphenyl,
3,5,3"™ 5""-tetra-tert-butyl-[1,1";4',1";4",1™;:4™ 1""|quinquephenyl,
(4-fluoro-phenyl)-diphenyl-methane,
(4-fluoro-phenyl)-di-(3,5-dimethylphenyl)-methane,
(4-fluoro-phenyl)-di-(3,5-diisopropylphenyl)-methane,
(4-chloro-phenyl)-diphenyl-methane,
(4-chloro-phenyl)-di-(3,5-dimethylphenyl}-methane,
(4-chloro-phenyl)-di-(3,5-diisopropylphenyl)-methane,
{(4-bromo-phenyl)-diphenyl-methane,
(4-bromo-phenyl)-di-(3,5-dimethylphenyl)-methane,
(4-bromo-phenyl)-di-(3,5-diisopropylphenyl)-methane,
4-{diphenyl-methyl}-benzaldehyde,
4-[bis-(3,5-dimethyl-phenyl}-methyl]-benzaldehyde,
4-[bis-(3,5-diisopropyl-phenyl)-methyl}-benzaldehyde,
( 4-[diphenyl-methyl]-phenol,
4-[bis-(3,5-dimethyl-phenyl)-methyl]-phenol,
4-[bis-(3,5-diisopropyl-phenyl)-methyl]-phenol,
4-[diphenyl-methyl]-thiophenol,
4-[bis-(3,5-dimethyl-phenyl)-methyl]-thiophenol,
4-[bis-(3,5-diisopropyl-phenyl}-methyl]-thiophenol,
4-{diphenyl-methyl]-benzoic acid,
4-[bis-(3,5-dimethyl-phenyl)-methylj-benzoic acid,
4-[bis-(3,5-diisopropyl-phenyl}-methyl]-benzoic acid,
4-[diphenyl-methyl]-nitro-benzene,



2,5 -bis-(3,5-diisopropyl -phenyl)-furan, 2,6-diphenyl-pyridine,

2, 6-bis- - di net hyl - phenyl ) - pyri di ne,

2, 6-bi s- @gq(’g{lﬁﬁ%ropyl -phenyl ) - pyridi ne, D phenyl f er rRCERR2005/005653

Bi s- (i mno)-pyridin-iron-dichloride, Bis-(imno)-pyridin-iron-dibrom de,
[2,2';6", 2 "]terpyridine-iron-dichl oiééde, [2,2

;6" ,2"]terpyridine-iron-di brom de, Bis-(imno)-pyridin-cobalt-dichloride,
Bi s-(imno)-pyridin-cob alt-dibromde, [2,2
;6',2"]terpyridine-cobalt-dichloride, [2,2

6',2"]terpyridine-cobalt-di brom de, ethane-

2-di yli denedi ani i ne-ni ckel -di chl ori de, ethane-

2-di yl i ddbidBandimethyliptisayl)-didihdlnitte-bengddeane- 1, 2-di yl i denedi ami ne-p

| adi um di chl gride, ethape-_ 1, 2-djyl idenedi arnine-pall adi um di brom de,
hane- 1, 2=[§}S9<3-.5a<gwarom-a ey ey HiniEe-8PRZFBS: et hane-

2
2
2

, 2-diyli q%gﬁﬁlk%qlg?gﬁhm%ﬁémgmegm de, ethane-

-di neth enedi am ne- ni ckel -di chl ori de, et hane-

, 2- di met Hy[bist(3 2-dinydthyd eeheuylpmietted hapketamingr omi de, et hane- 1, 2-di net hyl -
1, 2-diyli edi,am.ne-pal | adi um di chl.ori de, .ethane- |

7 i mat horoB G arop R el et i om de.

et hane- 1, aﬂgﬂﬁt@wﬁ 1, 2-di yl i denedi am ne- copper-di chl oride, and ethane-

1, 2-dimethyl -1, 2- diﬁ/l i denedi am ne- copper-di brom de. 12. The conpound of any
of the abbwe(3ci-dimmhylpbenylrethennd z' are the sane. WD 2005/ 118605

Zgg/ ZE.P2g?2){32@%gﬁ?’sop;o%%l-%ﬁenﬁ)h&hgrﬁ)”pound of any of the above clains wherein z

diphenyl-amine,

1
1,
al
et
1
1
1

bis-(3,5-dimethyl-phenyl)-amine,
bis-(3,5-diisopropyl-phenyl}-amine,
diphenyl-phosphine,
bis-(3,5-dimethyl-phenyl)-phosphine,
bis-(3,5-diisopropyl-phenyl)-phosphine,
diphenyl sulfide,
bis-(3,5-dimethyi-phenyl)-sulfide,
bis-(3,5-diisopropyl-phenyl)-sulfide,
methyl-diphenyl-borane,
methyl-bis-(3,5-dimethyl-phenyl)-borane,
methyl-bis-(3,5-diisopropyl-phenyl)-borane,
methyl-diphenyl-aluminium,
methyl-bis-(3,5-dimethyl-phenyl)-aluminium,
methyl-bis-(3,5-diisopropyl-phenyl)-aluminium,
dimethyl-diphenyl-silane,
dimethyl-bis-(3,5-dimethyl-phenyl}-silane,
dimethyl-bis-(3,5-diisopropyl-phenyl)-silane,
2,5-diphenyl-pyrrole,
2,5-bis~(3,5-dimethyl-phenyl)-pyrrole,
2,5-bis-(3,5-diisopropyl-phenyl)-pyrrole,



14. The compound of any of clainms 1-12 wherein z and z' are 1. 5 15. The
conpound of any of clains 1-12 wherein z and z' are 2. 16. The conpound of
any of clWO05118605wherein z and z' are 3. 10 17. The corpDEPZNSH05653y Of
claim1-11 wherein z and z' are different. 18. The conmpound of claim 17
wherein z is zero and z' is 1. 19. Th%%_orrpound of any of the above cl ains
wherein mand m are the sane. 15 20. "The conpound of any of the above
clainms wherein Mand M are the sane. 21. The conpound of any of the above
clainms wherein Q and Q are the sane. 20 22. The conpound of any of clains
1-18, 20 or 21 wherein mand m are different. 23. The conpound of any of
clainms 1-19, 21 or 22 wherein Mand M are different. 25 24. The conpound
of any of Lbdipenfl-tin, 22 or 23 wherein Qand Q are different. 25. The
conmpound of _any,_of ve clainms wherein each R R, Qand Q is

t he ab
independer&»? lss@bsé%‘%fﬂhﬁ'rpg‘ﬁwlh@rﬂ?’oup consi sting of hydrogen, nethyl, ethyl,
i sopropyl ,239_@%(@@@%%03{%@%?%%1%%05 PCT/ EP2005/ 005653 165 26. The

conmpound of any" of and 12-25 wherein Lis selected fromthe
group consi,&diphgnyfpyrithnea nonoaryl unit unsubstituted, partially substituted

or fully ti d hth.a nunber of R substituents on the ring, 2) a
fused aryl ’E%?Sfé;géﬁlgbett%a%lm&}??m BPoup consisting of the Cl10 to C22 fused
aromatic [ DiisowPidyEph itedt ed, partially substituted or fully

i ¢ hyenhacar Pifisopfipgysp it ed iall bst i d full

substi t ut ed_ wi th a nunber of substituents on the ring, 3) two aryl units
bri dged byP@beusterioeeiced or unsubstituted al kyl group, 10 where the aryl

units may e HaSUPstEiHLed.qipabhdal |y substituted or fully substituted wth
a nunber o I-fé suggﬁt uengs on tJI!1é ring,

{ Bis-(imino)-pyridin-iron-dibromide,
[2,2;,6',2"]terpyridine-iron-dichloride,
[2,2%;6',2"|terpyridine-iron-dibromide,
Bis-(imino)-pyridin-cobalt-dichloride,
Bis-(imino)-pyridin-cobalt-dibromide,
[2,2',6',2"terpyridine-cobalt-dichloride,

{2,2";6',2" " terpyridine-cobalt-dibromide,
ethane-1,2-diylidenediantine-nickel-dichloride,
ethane-1,2-diylidenediamine-nickel-dibromide,
ethane-1,2-diylidenediamine-palladium-dichloride,
ethane-1,2-diylidenediamine-palladium-dibromide,

( ethane-1,2-diylidenediamine-copper-dichloride,
ethane-1,2-diylidenediamine-copper-dibromide,
ethane-1,2-dimethyl-1,2-diylidenediamine-nickel-dichloride,
ethane-1,2-dimethyl-1,2-diylidenediamine-nickel-dibromide,
ethane-1,2-dimethyl-1,2-diylidenediamine-palladium-dichloride,
ethane-1,2-dimethyl-1,2-diylidenediamine-palladium-dibromide,
ethane-1,2-dimethyl-1,2-diylidenediamine-copper-dichloride, and
ethane-1,2~-dimethy!-1,2-diylidenediamine-copper-dibromide.

12, The compound of any of the above claims wherein z and z' are the same.



4) two aryl units bridged by an unsaturated hydrocarbon group, where the
aryl units may be unsubstituted, partially substituted or fully substituted
with a WRHRMSAIYOSR substituents on the ring, 15 5) tvRCTHEER003/9086%3 bri dged
by a fused aryl unit selected fromthe fused aryl units having ten or nore
carbon atons, unsubstituted, partially substituted or fully substituted
with a nunber of R substituents on ofqﬁuarings, 6) two aryl rings bridged
by a polyaryl unit in which the polyaryl unit is selected fromthe group
consi sting of one or nore aromatic rings, unsubstituted, 20 partially
substituted or fully substituted with a nunber of R substituents on the .
rings, 7) two aryl rings bridged by a nethylene unit in which the nethyl ene
unit contains one or two R groups and where the aryl units nay be
unsubstituted, partially substituted or fully substituted with a nunmber of
R subst i t d&nt s Tha compovndpf angpf thgsbayeelgims wherginigrand géereByroa het er oat om X (X
=0, NR PR S, BR 25 AIR, SiR2) in which a nunber of R substituents may
be on the heteroatom and where the aryl units may be unsubstituted,

parti al | y14ubsTiht sbmgowid dfuink wf slalisd 1-1 Divddrein land z' aneitber of R substituents
on the ring, 9) two aryl units bridged by a heteroatom or

het roatom containing fragnment X (X = 0, NR PR S, BR AR SiR) and one
or nore hygroc 205k 166 sections, selected
fromthe g?bupq%g%§?¥§?ng of}égéggn{ggbﬁgéggggr @?g?e%j to C30 substituted
phenyl s, and where the aryl units may be unsubstituted, partially

bsti t ut || titut i t b R substi t uent th
7ing,  10) Pwo APy FOURPYEGErlsEaaly A2 B Erafhe Bt o 7 onber o 5

het erocyclic rings containing one or nore heteroatons X (X = 0, NR, BR),
where the _internal rings can be unsubstituted, partially substituted or

ful |y Bubd?i t utla campoundafiany ebelainy Arkl; whergn griad e #s dEESE: aromatic, 11) two
aryl units bridged by a netall ocene section in which the aromatic rings can
be unsubstituted, partially substituted or fully substituted with a nunber

of 18. The compound of claim 17 wherein z is zero and z' is 1.
19. The compound of any of the above claims wherein m and m' are the same.
15
20.  The compound of any of the above claims wherein M and M' are the same.
21. The compound of any of the above claims wherein Q and Q' are the same.
20 22.  The compound of any of claims 1-18, 20 or 21 wherein m and m' are different.

23.  The compound of any of claims 1-19, 21 or 22 wherein M and M' are
different.

25 24, The compound of any of claims 1-20, 22 or 23 wherein Q and Q' are different.
25. The compound of any of the above claims wherein each R, R', Q and Q' is

independently selected from the group consisting of hydrogen, methyl, ethyl,
isopropyl, and phenyl.



to R substituents on the aryl or the cycl opentadi enyl and the netal is
selected fromaoup 4 to Goup 9 of the Peroidic Table, and 12) two aryl

uni ts brwogeds/tigewsn O-diinmine, a imnopyridine, a bis(RGI/ERIPISMIe or a
pol ypyri dine group coordinated to a netal dihalide where the netal is
selected fromGoup 8 to Goup 11 of the Periodic Table, where the imno 15
carbons or the pyridine rings can be dfubst i t ut ed, partially substituted or
fully substituted with a nunber of R substituents, and where the aryl units
may be wunsubstituted, partially substituted or fully substituted with a
nunber of R substituents on the ringon various positions of the aryl, 20
where each R group is, independently, selected fromthe group consisting of
a hydrogen, a halogen, O to C30 hydrocarbyls, and O to C30 substituted
phenyls. 27. The conpound of claim 26 where each R group is, independently,
sel ected 24.om Thecanmupd of asy of dlaigs df 1 Garkdyl®r 2fgeherent g selentetl fiyim ther opy| ,

butyl, pentyl, hexyl 5 septyl, octyl, nonyl, decyl, undecyl, dodecyl,
phenyl , anﬁ%}ﬁ’%fo%’ﬂgﬁ | . 28. The conpound of The conpound of any of clains

1-10 and 12-25 wher e fohodr§l ufihRabRutbd %mtiam s%s‘ﬁ%ﬁe@@xﬂﬁilg%ﬁ&ﬂhﬁéd aryl
groups represented by the fornul ae: WO 2005/ 118605 PCT/ EP2005/ 005653 167 R

R R (3) 5 Rwith agumber of R sybsityents onshqrimg, R R ' R R
2) a fused aryl unit selected from the group consisting of the C10 to C22
fused aromatic hydrocarbyl units, unsubstituted, partially substituted or fully
substituted with a number of R substituents on the ring,
o 3) two aryl units bridged by a substituted or unsubstituted alky! group,

10 where the aryl units may be unsubstituted, partially substituted or fully substituted
with a sjumber of R substituents on the ring,

4) two aryl units bridged by an unsaturated hydrocarbon group, where the
aryl units may be unsubstituted, partially substituted or fully substituted with a
number of R substituents on the ring,

15 5) two aryl rings bridged by a fused aryl unit selected from the fused aryl
units having ten or more carbon atoms, unsubstituted, partially substituted or fully
substituted with a number of R substituents on of the rings,

6) two aryl rings bridged by a polyaryl unit in which the polyaryl unit is
selected from the group consisting of one or more aromatic rings, unsubstituted,

20 partially substituted or fully substituted with a number of R substituents on the rings,

7 two aryl rings bridged by a methylene unit in which the methylene unit
contains one or two R groups and where the aryl units may be unsubstituted, partially
substituted or fully substituted with a number of R. substituents on the ring,

8) two diaryl units bridged by a heteroatom X (X = O, NR, PR, §, BR,

25 AIR, SiR;) in which a number of R substituents may be on the heteroatom and where
the aryl units may be unsubstituted, partially substituted or fully substituted with a
number of R substituents on the ring,

9) two aryl units bridged by a heteroatom or hetroatom-containing

fragment X (X = O, NR, PR, S, BR, AIR, SiR;) and one or more hydrocarbon
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sections, selected from the group consisting of C1 to C30 hydrocarbyls, C1 to C30
substituted phenyls, and where the aryl units may be unsubstituted, partially
substituted or fully substituted with a number of R substituents on the ring,

10}  two aryl units bridged by one or more 5-, 6- or 7-membered
heterocyclic rings containing one or more heteroatoms X (X = O, NR, BR), where the
internal rings can be unsubstituted, partially substituted or fully substituted and
saturated, partially unsaturated or aromatic,

11)  two aryl units bridged by a metallocene section in which the aromatic
rings can be unsubstituted, partially substituted or fully substituted with a number of
R substituents on the aryl or the cyclopentadienyl and the metal is selected
fromGroup 4 to Group 9 of the Peroidic Table, and

12)  two ary! units bridged by an O-diimine, a iminopyridine, a
bis(imino)pyridine or a polypyridine group coordinated to a metal dihalide where the
metal is selected from Group 8 to Group 11 of the Periodic Table, where the imino
carbons or the pyridine rings can be unsubstituted, partially substituted-or fully
substituted with a number of R substituents, and where the aryl units may be
unsubstituted, partially substituted or fully substituted with a number of R

substituents on the ringon various positions of the aryl,

where each R group is, independently, selected from the group consisting of a

hydrogen, a halogen, C1 to C30 hydrocarbyls, and C1 to C30 substituted phenyls.

27.  The compound of claim 26 where each R group is, independently, selected
from the group consisting of a hydrogen, ethyl, methyl, propyl, butyl, pentyl, hexyl,
septyl, octyl, nonyl, decyl, undecyl, dodecyl, phenyl, and methylphenyl.

28. The compound of The compound of any of claims 1-10 and 12-25 wherein L is

selected from the group consisting of aryl groups represented by the formulae:

R R R 6) WD 2005/118605 PCT/ EP2005/ 005653 168
I JRRRRRR(8) RRR RR R RR(9)
5/ 118605 PCT/ EP2005/ 00 FSBHEP28M05653R R R R R

RRR



R# R (11) RRRR R/\TR 1/ RR(12 5RR RR >/ MR (13) W
2005/ 118605 PCI/ EP2005/ 005653 170 RARRR R RR/~\\ RR11 R\ MN
N M N o% 2%5’#%?"& R/ X/ R RRRO(14) where t h@®CTEMOS/0056585

i ndi cate the bonds to the nitrogen atoms in the formula in claiml,

167

6)



5 Xis 0, NR PR S BR AR SR = O NR, BR each R group is,

i ndependent selected fromthe group conS|st|ng of hy er%en hal ogen, C
to C30 H@HFB%%P‘ s, and d to C30 substituted phenyl s: PeI/EP2OOS/PEAES t i on
netal sel ected fron1(}oups 4 to9; 10 M is transition netal selected from
Goups 8 to 11; and M is transitio tal selected fromGoups 8 to 11
29. The conpound of claim 28 wherein“each R group is, independently,
selected fromthe group consisting of a hydrogen, ethyl, nethyl, propyl,
butyl, pentyl, hexyl, 15 septyl, octyl, nonyl, decyl, undecyl, dodecyl,
phenyl, and met hyl phenyl. 30. A catal yst system conprising activator and a
transition netal catalyst conpound of any of clains 1-29. 20 31. The

catal yst system of cl air ® activator is an al unpbxane. 32. The
catal yst system of cl ai ‘ iN0_the activator is a non-coordinating

ani on. WD 2005/ 118605 P 171 33. The catal yst system of

cl aim 30 wherein the-ae4 ) ' - R Fe  group consisting of
trimethyl anmoniumtetrap i ni um tetraphenyl borat e,
tripropyl anmoni um t et raphenyhbor a i nmoni um

tetraphenyl borate, tri(€ert- Butss 3 Dl nyl borate, N,N 5

di met hyl ani l'i ni um tetraphenyl bor at\® \) gni | iniumtetraphenyl borate,
N, N- di nethyl-(2,4,6-trinethylanil yl bor at e,
trimet hyl anmoni um tetraki s(penta | uordheny ) bordt e, ¢7iethyl anmoni um

tetrakls(pentafluorophenyl)borate trlpropylannnnlum




t et r aki
t et r aki
tetrafl
tetrafl
tetrafl
tetrafl
tetrafl
tetrafl
tetrafl
t et r aki
t et r aki
t et r aki
t et r aki
t et r aki
t et r aki
t et r aki
t et r aki
t et r aki

PCT/ EP2005/ 005653 172 tetraki s(perfl uoraop

t et r aki
t et r aki
t et r aki
t et r aki
t et r aki
t et r aki
t et r aki
bis(tri

s(pent af |l uorophenyl )borate, N, N-dinethyl-(2,4,6-trinmethylanilinium
s&gentafluorophenyl)borate, trimethylammoniumtetrakis-(2,3,4,6- 15
u borate, triethylamoni umtetrakis- (2 PETERIIS005653

uor ophenyl ) borate, tripropylannoniumtetrakis-(2, 3,4, 6-

uor ophenyl ) bor at e, tri(n-butyliEfnnnniun1tetrakis-(2,3,4,6-

uor ophenyl )borate, dinethyl(te q-butyl)annnniun1tetrakis-(2,3,4,6-
uor ophenyl )borate, N, 14-dinmethylaniliniumtetrakis-(2,3,4,6 20

uor ophenyl )borate, N, N-diethytaniliniumtetrakis-(2,3,4,6-

uor ophenyl ) borate, N, N-dinethyl-(2,4,6-trimethylanilinium
s-(2,3,4,6- tetrafl uorophenyl)borate, trinethylamonium
s(perfluoronapht gyl )bora&te, triethylammoni um

s(perfluoronaphth , tripropyl amoni um

s(perfl uoronapht hyy3==a Wi(n}putyl)RannDniun125
s(perfluoronapht iyl ) bory [ [
s(perfl uoronapht h

s(perfl uoronapht hy\)hdyat e,

s(perfluoronapht hyl ) bokate, N,
s(perfluoronapht iyl ) borgate, trinethylj

*l Ql-BM
A 4,6-trinmethylanilinium
um WO 2005/ 118605
Jerate, triethylammonium
s(perf | uorobi phenyl )borate, triprdpyla
s(perfluorobi phenyl)borate, tri(n-butyl)lamoni um
s(perfl uorobi phenyl )borate, tri(tert-butyl)amokllm5
s(perfluorobi phenyl)borate, NN-dinmethylanilinium
s(perfluorobi phenyl)borate, N, N-diethylanilinium
s(perfluorobi phenyl) bor at eR met hyl - (2,4, 6-trimethylanilinium
s(perfluorobiphenyI)QQrate, tri rthylagnnniun1tetrakis(3,5-
fl uoronet hyl ) phenyl ) bprate, frigt hylamyoniumtetrakis(3,5 to

ri pAyopy!l agmoni yan t et r aki s( 3, 5-

R (13)



bi s(trifluoromethyl)phenyl)borate, tri(n-butyl)amoniumtetrakis(3,5-

bi s(trifl uoronethyl)phenyl)borate, tri(tert-butyl)amoni umtetrakis(3,5-
bis(tri M‘aa?"éﬂé%‘r;% ) phenyl ) bor at e, N, N- di net hyl ani | i ni unPEEEP2RS/GISE5E -

bi s(trifluoronethyl)phenyl)borate, N,N-diethylaniliniumtetrakis(3,5 15
bi s(trifluoromethyl)phenyl)borate, N~ imethyl-(2,4,6-trinmethylanilinium
tetrakis(3,5-bis(trifluoronethyl)phenyl’)borate, di-(iso-propyl)amopnium
t et raki s(pent af | uorophenyl ) borate, and di cycl ohexyl anmoni um

t et raki s(pent af | uor ophenyl )borate; tri(o-tolyl)phosphoni um

t etraki s(pent afl uorophenyl ) borate, tri(2,6-di methyl phenyl)phosphoni um 20
t et raki s(pent af | uorophenyl )borate, tropilliumtetraphenyl borate,

tri phenyl carbeni um tetrB@phenyl borate, triphenyl phosphoni um

tetraphenyl borate, triethylsilylium tetraphenyl borate,

benzene(di azoni umt orate, tropillium R R
borate, triphenylcarbgnium R
orate, triphenylﬁc-4{honi m 2 R

t et raki s( pent af | uor ophenyl )

opi |11 umZ et waki s7(%, 3, 46
/»beniun1tetrakis-(2,3,4,6- R
osphoni um tetrakis-(2, 3,4, 6-
kylium

=z
=z

tetrafl uorophenyl,) borate, triphepy
t et raf | uor opfenyl’) borate, triethylsi

tetrakis-(2,3,4,6-tetrafl uorophenyl) ifpflate, WO 2005/ 118605 PCT/ EP2005/ 005653

173 benzeng(diazonjum. tetrakis-(2,3,4,6-tetrafl uoraqphenyl)bor.ate,
Ll opi 11T uTHire shs SiRhe Bassronis denJions 15 56 Patosen piomiB AR LaPHas um
t et r aki s(geid t uor onapht hyl ) borate, triphenyl phosphoni um

tetraki s(perfluoronaphthyl)borate, triethylsilylium
tetrakﬁs(ﬁé?@bh@%@ﬁa§hBﬁyP§%d$B%e, 5 benzene(di azoni um

tetraki s(perdlyprepapht hyl ) borate, tropillium
tetrakis(%e#?ﬂgg?ggiphenyl)borate, tri phenyl car beni um

t et r aki s(gehi gronp by, pliepyidebty,atlected fiophtha ghpipasphisimgiei hydrogen,
tetraki s(perfl uarobi nyl ) borat e, jethylsilylium )
totr aki o( BarEL0! SbBREHORBSY G gid &1 LW st penyts
M! is transition metal selected from Groups 4 to 9;
10 M? s transition metal selected from Groups 8 to 11; and

M? is transition metal selected from Groups 8 to 11.
29.  The compound of claim 28 wherein each R group is, independently, selected
from the group consisting of a hydrogen, ethyl, methyl, propyl, butyl, pentyl, hexyl,

15 septyl, octyl, nonyl, decyl, undecyl, dodecyl, phenyl, and methylphenyl.

30. A catalyst system comprising activator and a transition metal catalyst

compound of any of claims 1-29.
20 31. The catalyst system of claim 30 wherein the activator is an alumoxane.

32.  The catalyst system of claim 30 wherein the activator is a non-coordinating

anion.



benzene(di azoni un) tetrakis(perfluorobi phenyl)borate, tropillium
tetralcis(3,5 o bis(ttifluoronethyl)phenyl)borate, triphenyl carbeni um

t et raki sP BUOSHIE60F ¢ i f | uor onet hyl ) phenyl ) bor at e, tripheE?Fﬁé@?@ﬁ@Wﬁhm
tetrakis(3,5- bis(trifluoromethyl)phenyl)borate, triethylsilylium
tetrakis(3,5- bis(trifluoronethyl)phenyi{)borate, and benzene(di azoni um
tetrakis(3,5- bis(trifluoronethyl)phenyl)borate. 1s 34. The catal yst system
of claim 30 wherein the activator is selected fromthe group consisting of.
N, N-di et hyl ani | i ni um t etraki s(perfl uorophenyl)borate, N, N

di met hyl ani | i ni um tetraki s(perfluoronaphthyl)borate, N, N-di nethyl anilinium
tetraki s(perfluorobi phenyl)borate, N, N-dinethylaniliniumtetrakis(3,5 20

bi s(trifl udtonethyrataesystsmed sladm 30 rihsreimthe aativaser ig gelected from the

tetrakis(p hich AL [ i .

totr aki o pErP SopaRARNE o RO A Sk L ERER AR it B ammoniiny 5

bi s(trifl uetrapinyiHo}4é empkdpydanatieniuanetrdphephesplecai(bdniylymnmonium
tetra(perfl uorophenyl)borate. %g 35. The ca%alyst system of claim 30 wherein
the acti vafeérﬁpli‘@yg’é’?”é"ct‘é’(ﬁ‘eﬁrw MO PR IFPORRT 4P iFgNaY- et hyl al unoxane,
modi 71 ed Mty iR apHRhIBbrate2 NANTRIAN RaniliSiAmRe Y heRlIBAR¥AREN- (11 phenyl
boron, tris-perfluorophenyl boron, tris- perfluorophenyl™al um num

di met hyl andimethyl 28 &t wabdtisylpatihium tapheenylbobae, dtimetharR06sth1 8605

PCT/ EP2005/ 005653 74 tri n ar,boni umztetrakis perfluorophenyl borate,
i et hy| anFPRE @R eLERiBOEEHs ERBIEATIAR Ui nat b and
trisperf| uptakia@Riffiholphan])bdbte, Apilasmbeiupol yneri ze unsat ur ated nmonomer s

conprising contacting one or. 5 nore _nononers with the catal yst system of
cliai ns 30 tayakis(pentailiqmphspylheitco (e bahhanea@ERei n t he mononer conpri ses

one or gor ?eﬁ%k@@eﬂt%ﬂuox%ﬁhe@ﬁ%oﬁ% Bkl Al dminer ein the ol efins
conpri se ethyl ene.
tetrakis(pentafluorophenyl)borate, N,N-dimethylanilinium

tetrakis(pentafluorophenyl)borate, N,N-diethylanilinium
tetrakis(pentafluorophenyl)borate, N,N-dimethyl-(2,4,6-trimethylanilinium)
tetrakis(pentafluorophenyl)borate, trimethylammonium tetrakis-(2,3,4,6-

15 tetrafluorophenyl) borate, triethylammonium tetrakis-(2,3,4,6-
tetrafiuorophenyl)borate, tripropylammomum tetrakis-(2,3,4,6-
tetrafluorophenyl)borate, tri(z-butyl)ammonium tetrakis-(2,3,4,6-
tetrafluorophenyl)borate, dimethyl(zert-butyl)arnmonium tetrakis-(2,3,4,6-
tetrafluorophenyl)borate, N,N-dimethylanilinium tetrakis-(2,3,4,6-

20 tetrafluorophenyl)borate, N,N-diethylanilinium tetrakis-(2,3,4,6-
tetrafluorophenyl)borate, N,N-dimethyl-(2,4,6-trimethylanilinium) tetrakis-(2,3,4,6-
tetrafluorophenyl)borate, trimethylammonium tetrakis(perfluoronaphthyl)borate,
triethylanunonium tetrakis{perfluoronaphthyl)borate, tripropylamnionium
tetrakis(perfluoronaphthyl)borate, tri(n-butyl)ammonium

25  tetrakis(perfluoronaphthyl)borate, tri(fers-butyl)ammonivm
tetrakis(perfluoronaphthyl)borate, N,N-dimethylanilinium
tetrakis(perfluoronaphthyl)borate, N,N-diethylanilinium
tetrakis(perfluoronaphthyl)borate, N,N-dimethyl-(2,4,6-trimethylanilinium)

tetrakis(perfluoronaphthyl)borate, trimethylammonium



10 39. The nethod of claim37 or 38 wherein the ol efins conprises propyl ene.
40. The nethod of claim 36, 37 or 38 wherein the polynerization occurs in
the gaWM2W§e1864%5 41. The nethod of any of clains 36 FETEPHIFNMSA t he

pol yneri zation occurs in the solution phase. 42. The net hod of claim 36,
37, 38 or 39 wherein the pol yneri zati]&ﬁ occurs in 20 the slurry phase. 43.
The nmet hod of any of clains 36 to 42 erein the polynerization occurs at a
tenperature above 70 C and a pressure above 5 MPa. 25 44. A polynmer produce
by the nethod of any of clains 36-43. 45. An article of manufacture
conprising the polynmer of claim44. 175 46. A nethod to oligonerize a
nonomer . conpri sing contacting nononmer wwth the catalyst system of any of

cl ai ms  30tehakis(periivetobiph&BBHraf, iblig@arithohiten et hod of claim 46. 48. An
article of manufacture conprising the oligonmer of claim47,

_ tetrakis(perfluorobiphenyl!)borate, fripropylammonium
tetrakis(perfluorobiphenyl)borate, tri(z-butyl)ammonium
tetrakis(perfluorobiphenyl)borate, tri(tert-butyl)ammonium

5 tetrakis(perfluorobiphenyl)borate, N,N-dimethylanilinium
tetrakis(perfluorobiphenyl)borate, N,N-diethylanilinium
tetrakis(perfluorobiphenyl}borate, N,N-dimethyl-(2,4,6-trimethylanilinium)
tetrakis(perfluorobiphenyl)borate, trimethylammonium tetrakis(3,5-
bis(trifluoromethyl)phenyl)borate, triethylammonium tetrakis(3,5-

10 bis(trifluoromethyl)phenyl)borate, tripropylammonium tetrakis(3,5-
bis(trifluoromethyl)phenyl)borate, tri{(n-butyl)ammonivm tetrakis(3,5-
bis(trifluoromethyl)phenyl)borate, tri{tert-butyl)ammonium tetrakis(3,5-
bis(trifluoromethyl)phenyl)borate,. N,N-dimethylanilinium tetrakis(3,5-
bis(trifluoromethyl)phenyl)borate, N,N-diethylanilinium tetrakis(3,5-

15  bis(trifluoromethyhphenyl)borate, N,N-dimethyl-(2,4,6-trimethylanilinium}
tetrakis(3,5-bis(trifluoromethyl)phenylYborate, di-(iso-propyl)ammonium
tetrakis(pentafluorophenyl)borate, and dicyclohexylammoninm
tetrakis(pentafluorophenyl)borate; tri(o-tolyl)phosphonium
tetrakis(pentafluorophenyl)borate, tri(2,6-dimethylphenylyphosphonium

20 tetrakis(pentafluorophenyl)borate, tropillium tetraphenylborate, triphenylcarbenium
tetraphenylborate, triphenylphosphonium tetraphenylborate, triethylsilylium
tetraphenylborate, benzene(diazonium)tetraphenylborate, tropillium
tetrakis(pentafluorophenyl)borate, triphenylcarbenium
tetrakis(pentafluorophenyl)borate, triphenylphosphonium

25  tetrakis(pentafluorophenyl)borate, triethylsilylium tetrakis(pentafluorophenyl)borate,
benzene(diazonium) tetrakis(pentafluorophenyl)borate, tropillinm tetrakis-(2,3,4,6-
tetrafluorophenyl)borate, triphenylcarbenium tetrakis-(2,3,4,6-
tetrafluorophenyl)borate, triphenylphosphonium tetrakis-(2,3,4,6-
tetrafluorophenyl)borate, triethyisilylium tetrakis-(2,3,4,6-tetrafluorophenyl)borate,
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benzene(diazonium) tetrakis-(2,3,4,6-tetrafluorophenyl)borate, tropillium
tefrakis(perfluoronaphthyl)borate, triphenylcarbenium
tetrakis(perfluoronaphthyl)borate, triphenylphosphonium
tetrakis(perfluoronaphthyl)borate, friethylsilylivm tetrakis(perfluoronaphthyl)borate,
benzene(diazonium) tetrakis(perfluoronaphthyl)borate, tropillium
tetrakis(perfluorobiphenyl)borate, triphenylcarbenium
tetrakis(perfluorobiphenyl)borate, triphenylphosphonium
tetrakis(perfluorobiphenyl)borate, triethylsilylium tetrakis(perfluorobiphenyl)borate,
benzene(diazonium) tetrakis(perflucrobiphenyl)borate, tropillium tetrakis(3,5-
bis(trifluoromethyl)phenyl)borate, triphenylcarbenium tetrakis(3,5-
bis(trifluoromethyl)phenyl)borate, triphenylphosphonium tetrakis(3,5-
bis(trifluoromethylphenyl)borate, tdethylsilylium tetrakis(3,5-
bis(trifluoromethyl)phenyl)borate, and benzene(diazontum) tetrakis(3,5-
bis(trifluoromethyl)phenyl)borate.

34, The catalyst systen of clatm 30 wherein the activator ts selected from the
group consisting oft N,N-dimethylanilinium tetrakis(perfluorophenyl)borate, N,N-
dimethylanilinium tetrakis(perfiuoronaphthyl)borate, N,N-dimethylanilinium
tetrakis(perfluorobiphenyl)borate, N, N-dimethylanilinium tetrakis(3,5-
bis(trifluoromethyl)phenyl)borate, triphenylcarbenium
tetrakis(perfluoronaphthyl)borate, triphenylcarbenium
tetrakis(perfluorobiphenyl)borate, triphenylcarbenium tetrakis(3,5-
bis(trifluoromethyl)phenyl)borate, and triphenylcarbenium
tetra(perfluorophenyl)borate.

35, The catalyst system of claim 30 wherein the activator is selected from the
group consisting of: methyl alumoxane, modified methyl alumoxane, ethy!
alumoxane, iso-butyl alumoxane, triphenyl boron, tris-perfluorophenyl boron, tris-

perfluorophenyl aluminum, dimethylarilinium tetrakis perfluorophenyl borate,
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triphenyl carbonium tetrakis perfluorophenyl borate, dimethylanilinium tetrakis

perfluorophenyl aluminate, and trisperfluoronaphthyl boron.

36. A method to polymerize unsaturated monomers comprising contacting one or

more monomers with the catalyst system of claims 30 to 35.

37. The method of claim 36 wherein the monomer compsises one or more olefins.

38. The method of claim 37 wherein the olefins comprise ethylene.

39. The method of claim 37 or 38 wherein the olefins comprises propylene.

40.  The method of claim 36, 37 or 38 wherein the polymerization occurs in the
gas phase.

41.  The method of any of claims 36 to 39 wherein the polymerization occurs in

the solution phase.

42, The method of claim 36, 37, 38 or 39 wherein the polymerization occurs in
the slurry phase.

43.  The method of any of claims 36 to 42 wherein the polymerization occurs at a

temperature above 70 °C and a pressure above 5 MPa.

44. A polymer produce by the method of any of claims 36-43.

45.  An article of manufacture comprising the polymer of claim 44,
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46. A method to oligomerize a monomer comprising contacting monomer with

the catalyst system of any of claims 30-35.

47.  An oligomer produce by the method of claim 46.

48.  An article of manufacture comprising the oligomer of claim 47.



