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WD 2007/ 015074 PCT/ GB2006/ 002832 1 DI ENE

POLYMERI SATI ON The present invention relates to diene
w@oedoyeso34 and copol yners and to a process for POBKB2E6/002832

such pol ynmers and copolynerg using certain transition

nmet al - based catal ysts 004/ 083263 published in

t he nane of BP Chem cals on 30th Septenber 2004 5

relates to a transition netal conplex polynerisation

catalyst and to a Pol ¥mEREsARQONES | sation and

copol yneri sation oiigﬁﬁﬁké%Ts—-tytéb“vre ns or

di effée prasentpnvesiting rele®s teaditnagplyhers mod onmlymetsranﬂhe a process

cat.al nomers.di scl osed therei.n as .suita
for ung Fhc TGP R GO PO HERS PSiPE CETAI) FaRYTOR gy ar catelysts.
but &ne.200£085%53 dﬁiblﬁ’sﬁéaﬁn%e S0 SR edeMicals on 30th Seﬁ)tember 2004
non- conj u?at ed di enes. Preferred nononers are ethyl ene
relatnfdtom ooy tmenetmmmmsp@@mdn@ctlloosefdlyatargiﬁotaanbeeﬁs or the

rol AR B i 1508 DR o il s

corftdifigl thé in@eomer Wah fig \@salysll 1I68Gmer8 dideltisadli®RSn as suitable for use
et hyl'i dene norbornene rret hyl met hacryl ate, nethyl

in @éklyg aemopplymers age ﬁShYJﬁné; prapylym% Bitene hexeney rsiywne or conjugated or
nofi‘%gﬁ ﬁéeﬁed eﬂé/sl dlﬁrpiL %a ﬁl%gs i é{h‘;}ﬁge aryﬂglroi%l aM nomers
nee or po I enes Ing S

dlsolfose.zi &/ duitasls forkhalfiog ydspiﬂyrﬁﬁ@ attndthend) ptd}@lep)ﬁl y—lbﬁfene 1 hexene,
Thj s need

. enerally be nmet for exanple b )
-peihypenteas- fpgl -BeieRf DeThTREgef ﬁﬁtg@eapw%s,ﬁm eg butadiene,

eth?ﬁ&éﬂ%gn RN et ] /IR akfé@etﬁﬁ, H§lea.'3 ate aﬂgﬁlbc{c?ﬁgﬂen&rylommle

ese po ynmers to produc eS|r
v1rﬂyﬂ)a®%ee,,vntylehkdur1dg, pdlsyyremes | S expensi ve in terms of

C AR da Fmingiei BeY for G IELanat Py 0 BFe S By Afarrans

haasdd @htsR I?e%ﬂ ipRdt!
po Qens.st s T R Bt ThidHepd RCkerC AT ! SeBlpI

polyowerising ibatadiese to ftmnpﬂepmatmo%)cnqrsl lhe‘neg a knawnrds and trans contents

and BEAT e A 00 BB oo 8 Rt stad PRty et Biadiek potymers

is cxPEIMMREIAtterB df@h@@?&ls%g‘én e@iipRéit cobts taﬁ@ tile@®8Rhn be technically
invention is to provi a process for producing

dlfﬁwlymﬁe;aléﬁ whew Hieurghitreess birerfigh rrroéﬁcubx aveighs, pnor seinpafdility or
sengfé V;tﬁe(? 16%1 Bfé'h&{ﬁg dTlgé% ‘Iascthué cérﬁm@fc?%{ 'engg% ﬁ) y}:ﬁg}’ldﬁ é)glydlenes

conj uga I enes ereln

. ha\&ng:ﬁ)pfddeﬁh@bdo(ﬁtdm\bﬁbls ahd s unde withoatthe ageld for post reactor

trans- Xdl ene without the need for post-reactor

mephagicd 15 ing o6 thsi GogIBPREHPobdiERt | nvention provides a
Pr 2G&%sect t&?@%%’lﬂ%nﬁgmlﬁwﬁéa %ce&%?h%ﬁﬁ&ﬁg Obiymers of

conj ugat e nes conpri sing cont act
conjegatad dibnaspfop exampllg butedidne as tsopneae D lﬁ;lrtlgaabbﬁbc'chls emprovide
pol\g{ntp?sec%é:ﬁ{%tugg dle ﬁgr]efnot lsy eg hgsV\g)cc?ntronngle level of cis-
polydiene and trans-polydiene without the need for post-reactor blending.

Accordingly the present invention provides a process for producing homopolymers
or copolymers of conjugated dienes comprising contacting monomeric material comprising
at least one conjugated diene with a catalyst system comprising two or more different
transition metal compounds and optionally one or more activators.

Surprisingly it has been found that by using two or more different transition metal

catalysts it is possible to produce polydienes having a desirable range of properties.
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30 transition nmetal conmpounds and optionally one or

nore activators. Surprisingly it has been found that
whyooasisegs two or nore different transition metBCT/GB2006/002832

catalysts it is possible tg pr oduce pol ydi enes havi ng

a desirable range of properties. WO 2007/015074

PCT/ GB2006/ 002832 2 Wthout wishing to limt the

generality of this statement, it has been found, for

iRl i PSRl e MG RRRRR o v
thaCRIFPRASithd Akiolof8dls differets efautitivafeai canpoumdstilthe catalyst

m crostructure of the produced di ene po%%lprrer. TQFIS
compgsitiondagsisdo pefahyartiinns inthe mirrestiusirp et e peasluepd (yng polymer.

Th S%?g%{nﬁg% Sggggﬂlﬁ?ﬁ%ﬁ@ 1018 ARk ¥B Eo 03h 8 MbbilBRSmRGE Tixed

oun ariatrons in the cis:trans content
catélisttshetempit hebtied fpoldythatenefut earidtiensainithe visdrand kentent of the
nmononeri ¢ material_ -copprises at | east one di ene and

proégfqdd}wag‘pepq?g b_('irach‘ﬁ’f’ 1- ol efins. Dienes enployed in
t h‘??@ﬂlloﬁfﬁg&iﬁ ﬁ{a'téffé}]' RS afl)lfeastt Rfe BicRS 8Ad optidHRANY 088 or more 1-

prefera ave the general fornula ) )
oleRhRITaCRICRICERSORE ppneiisatiRl prasesrerf hapiesans prsisaien pagferably

T N T
sel & Pfr8m Hyatdph, hBddenl alk{l; Bydeulkyl, 4§D RfadpY land @lkasiingbeexample

or mxtures of isoneric fornms of pentyl, hexyl, . )
they ey bg claletsy metlayl, ethyl, ngrenybdsepsomsd e ditglopy mpdyres of isomeric

exanpl henyl ....2 .. chl or - I -biephe
for PR RERIy St hsri ek RRRARY peto e P RS R xamplc, phenyt,
Chléﬁj-ﬁgﬂtn??’ Ig-lfipﬁ’éﬁgl,fr@ ht‘lii&l:’;lfﬂ@derﬁlntmif‘leﬂlﬂkhlLatg’fh}‘rﬁyt)li1 al}{&lryl gr0111ps selected
enyl e , enyl - n-propyl, na me e

frogrr, @n@am@%@ gb&ylm%/thyle i?g‘?fﬁ’ﬁ%}}}’lt EIIEERD’I.'H%IPI?‘I’RML, gaﬁ%@ﬁ[%?tgislé or

) b ? ; ot
T R S U BB e, e
theciéfel is tddt heavily syimsiitél ey budky grupe ity b diffecudtoor impossible to

olynerise dye to steric hipndrance..T di I
BT S, 0okt 6 bl Rance 0 o0 BLOYEA v
the%gélgtgfbrﬁ%éﬁ@q{-@@ %Hﬂég? SMERM RY akEREsleafldepbh@iftly selected

en, orine and a to C10 hydrocarbyl group.
froRr lefdeogeadcldbeneanda €1 o, Giod@dingard] gouep. Preferred dienes are 1,3-

2-met hyl - 1, 3- di.ene. (i soprene), ,and .

o orpy ] SR B BT 8Bt SR R B qpopren).
MBtRE hfhohR A6 nidlertd @sddah YR APk QfioR hRsessSofhe pRgent invention
present invention can contain one or nore 1-olefins.

carSeintaib oge or mioes 1 -niefias Swiahlevholefinyire agy pliisheare cansblarf being

I i.sed with ' '
ool etied oy 4o CRRITRLTIEY S S ol RGP inylene,
prdp§ 1B SutdreBétunk PR Atetyepehiend-10 ¢ ioe ke, HUPbdnems sebstituted

substituted 25 norbornenes and styrene. Thus a further
nodeEabhast Stene-he present invention provi des a process

F O BK heR embodiment of the present invention provides a process for making a
copolymer of one or more conjugated dienes and one or more 1-olefins comprising
contacting the monomeric material with a catalyst system comprising two or more different
transition metal compounds and optionally one or more activators.

Preferably the copolymers prepared by the process comprise polymerised units of a |

conjugated diene and up to 99.0 moles percent of a C; to Cyg 1-olefin. For example the
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copol ynmer of one or nore conjugated di enes and one or
nore 1-olefins conprising contacting the nononeric
woraiognial4 Wit h a catal yst system conpri si ng t waCDGBR@60602832
different transition netak conpounds and optionally
one or nore activators. 30 Preferably the copol yners
prepared by the process conprise polynerised units of
conj ugated diene and up to 99.0 nol es percent of a

copé@p:e% %%85%@%@a%0 8%%12 eaqpcllgﬁﬁ Hleth @7480%59%724 eferably

mers can have a nol ar r
5.99f, gki.ene: 1l-olefin in the range298to 98: 2,

preferably 5:95 to 95:5. The pol yrrerjsatton cat al Xa}}
e@ewbanefrwatlmcwlé@feqmpwmﬂfhedﬁe%e&hﬂyf“%é‘§1 FQRePIGES two or

mo n%iﬁetrg? at%gﬁl%%l ntlétﬁ h{ﬂogﬂdsrﬁeyt Whick ?ﬂﬁ@éﬂlﬂ U5t l@ﬁhé‘i"th& Bahshtion

transi’tion metal s can
metdisichebe aifferétt, dix’r’the tramlscbrt inetalsroah &k ﬂlemmeid:elt thﬁetrégﬁﬁ@n metal

comoupsGRAEF S50 ER a0 08 LHRISHHETHLL TR e Eieh o iigafits can
be (?Vﬁgrenpiﬁ ok {hggef{éggéc% PRI BINERS of BRPEBifferedt@hsitioRnetals are

or nore ent transition netals are used. For
useé)d?amakanplefal first transaivei m¢tdme1eetedlfr0$1e CécM@ @nd Mrandra seppnd

and W a con dion
g e R T B SRR B SRR S AP REen
invefliona4 s%‘%lé 9&1@1‘.0?'1@%?1098(1' vator is enployed. The

anount each of these tranS|t|on netal conpo

e rPhecaneaiint nf e4ed gfithrse srensition il perareids iem&i'@aé%%@rocess of
the Eo%eggrgar?‘g 151%1813 %g%eragbtlg 6uc811tﬁ:9c%ee wlﬁ;/@ﬁt#gfrbg%g rag é?g Bfthgge

corﬁﬁbuﬁas Reloas Holve9h, e fp@@' fedably #1021 maks % ﬁlo];t)pmfdrdﬂy o least
based on total noles of t

ransi tion neta ou
0.18 mpsllasyfé dases! ot yasles ofgransigon et P?@Bﬂ“ﬂfﬁ?@ﬁ%ﬁﬂ? SRpLARySt
i Nt he tr.ans |
| GG AP AU e ARG St
fromCd drousie-1 OTMsiﬁlbﬁ ms4tali oo antiemide oraotimidein @he trandiidgormmetal

cor@]pqnuglplga]glr)g gg{;ﬁ@ ggréaggﬂrggéfégﬁg gglg‘]él go(rfxglgpgpwgqréde bromide,
sulgﬁa% %E&Qtle)éna %Qrb%ﬁﬂ@ SpikfePdby B HanSiAOR et compseh®iiseReted from

ex cont al ni ng neut raI nonoani oni ¢ Or
a cotnplek mntamhngmml dreahiog@od disnzmickgads ibredizsndsean be

monzgq%th% 1@;&3&%&& érggtgto? feggg nta%fo' e@-xealgaads %féré@? r&?l%l%rlse at least
oné R, B9 LPS atdh, %eahbﬁﬂr prebefbideRYoditert @Bfehst@ne ofthetthmsition metal

transition netal conpounds is a netall ocene.
cothpounds is & inagllesenspl es of such conpl exes are descri bed

oo i oo Hch G eSO iy s0to. wo

97/02298, WO 98/30609, WO 99/50313, WO 98/40374, WO 00/50470, WO 98/42664,
WO 99/12981, WO 98/27124, WO 00/47592, WO 01/58966 and our own co-pending
applications PCT 02/02247 and PCT 02/02144.

When the one or more transition metal compounds comprise a metallocene this may
contain, for example, at least one cyclopentadienyl-based ring ligand. For the purposes of
this patent specification the term "metallocene" is defined as containing one or more
unsubstituted cyclopentadienyl or substituted cyclopentadienyl moieties in combination
with a group 3-6 transition metal, a group 3 main group metal, a lanthanide or an actinide.

In one embodiment the metallocene catalyst component is represented by the general
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25 WD 99/12981, WO 98/27124, WD 00/ 47592, WO 01/58966

and our own co-pendi ng applications PCT 02/02247 and
wEan7025002144. When the one or nore transiti onP@EGER006/002832

conmpounds conprise a netal l,ocene this nmay contain,

for exanple, at |east one cycl opentadi enyl -based ring

i gand. For the pur poses of this patent specification

the term"netal l ocene” is defined as containing one or

forEy et Ra e ny e el i s AR R ufea O PRIGAEEE

subgtitdtedlcybbbhtadiciid triilg, a Sultiti G m\ubstlgneﬂmngreys&tm sech as an

~ lanthanide or an actinide. |In one enbo nt th

indenstl mm@&ember@mdﬁnxﬂéflolé%mﬁ@ﬁémly]i TOjeRHPId: & ePrE)Y V phgr ligand
cap #ﬁﬁgﬁg%%&%&b lfglgr?ﬁgsﬁ)%g%g 0!31%§§ Grf’iuﬁ 7§14} @ transition

erena

metall Sallbﬁhaﬁldé 8flarbictinfleg Remdll vire 1ﬁdemubatt]ytseteeubd halogen,
cycl opent adi enyl ring, a substituted or unsubstit ut ed

hydrpergh gseusos hvdrogesbeny! Srawpe AFYingd 2O GAboR AR PhepIRyipations
the %yl 3%, fd e— 6?{} afril?%ee%o fm+'ﬂ—ue-}a kﬂﬁs the roxﬁﬂ}’loﬁ“sﬁ?er of M,

Qan tapabl n INg s oro l'es or
prefaiipheda=1 bhd p=h ThoUp cdn bSsustifitdd witls h comhimtine 08l |
a | ant hani de or an acti ni
subEepeMBRE Py e EhEn o i et NORJiTIHRG FyPPlgh ol ybsipents
! fcalh fi
1nc§§ggb ?81%%918 %SQS/ b 11t ag:jtfefg éTﬁH of 93\!3&10%@8@ %’1@&%)6% iﬁ?l;rﬁg cal eavmg Tom
1 t(smrcarbom&mm equal s t he oxi dation state of M

W rioaheh AR s P gt TRk ol A B e

rﬁﬁ[‘% or different. Non limting exanples of

substituents 10 incl ude hy drogen or a |linear, branched
or cyclic alkyl, (65 RaoyR"sdEs Rim)M¢ Qab-cad Othavi ng from

1 to 20 carbon atons. kA @n h)e §b0d| ment the
net al | ocene catal yst conponenf’?i's represented by the

fornmul as: (C5 R”n)p Rles ("5 Rm M @B-p-x, or 15

R'S (C5 Rm2 Me Qwherein M is a jup4,_50r 6. ...

t r afidereibiMerip e Siroumd) et hEmsdiongpetah aduithaidgeor apactinide; at

e e I hEM

0 P PSR L e
diffeyeht ddenirogank ylkyl, alkieeyly hryl, atkyllaryboriayylatkyl radicahhapting &g 1 to 20

radi cal having from1 2Q carpon ato or .t
carbai BORISLE S8 Cflrépﬂ é@%@&eﬁ é?gefqt?r F‘bﬂ%ﬁ’i“& r&;{m f agfubgfitied or
unsﬁf’bp%feh%r%dor‘?fn s UIWHR 2 1th DOTCEBoR idthsOR" 'id Sfsorhade 8 offa

to car is one or nore of or a
combimbiioraof eerbén, a gcgnamnm, asifieommmhasghozousi driagiiioges atom
cmji)talm ghrgcrh%a S‘br?c{gina}g twot (rC? 9&5 r?r}gg,ngr bridging one (Cs R'y) ring to M, when
p=0 and x=1 otherwise "x" is always equal to 0, each Q which can be the same or different
is an aryl, alkyl, alkenyl, alkylaryl, or arylalkyl radical having from 1 to 20 carbon atoms,
halogen, or alkoxides, Q' is an alkylidene radical having from 1-20 carbon atoms, s is 0 or
1 and whensis 0, mis 5and pis 0, 1 or2 and whensis I,mis4 and pis 1.

Preferred metallocenes are bis(pentamethylcyclopentadienyl) zirconium dichloride,
bis(pentamethylcyclopentadienyl) hafnium dichloride, bis(tetramethylcyclopentadienyl)
zirconium dichloride, (pentamethylcyclopentadienyl) zirconium trichloride,
(tetramethylcyclopentadienyl)(t-butylamido)(dimethylsilane) titanium dimethyl, and

(pentamethylcyclopentadienyl)(cyclopentadienyl) zirconium dichloride.
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contai ning radical bridging two (C5 Rm rings, or

bridging one (C5 Rn) ring to M when p=0 and x=1
worhenmose "x" is always equal to 0, each Q whPCTGBav6/002832

be the sanme or different 25 is an aryl, alkyl,

al kenyl, al kylaryl, or arylalkyl radical having from1l

to 20 carbon atons, hal ogen, or al koxides, Qis an

al kyI i dene radi cal having from 1-20 carbon atonms, s is

08 ref@rr@@glawra?lsitﬁn%et@cb ﬁx@?&ireﬁeﬁrésegtedlge‘i’i&n@alﬁnﬂ' the

whe ﬁ si1s 1 mis and pis f Preferred netal | ocenes
Foamwda ll)s ( pent anet hyI cycl opent adi enyl ) zirconium

di chl ori de, i s(pent aget hyl cycl opent adi enyl ) haf ni um

di chl ori de, bijs(tetrgnethyl cycl opentadienyl) 30

zirconiumdi chl 8'i dg, (jpent anet hyl cycl opent adi enyl)

zirconiumtichl 0}3}16@

(tetranet hyl cycl bpent adi enyk%(t - but yl am do) (di et hyl si

| ane) titanium ¢ met hyl]y@nd

(pent anet hyl cycl opent adi enyl ) (cycl opent adi enyl )

zi rconi um di chl ori dg2 20,7/ 015074 PCT/ GB2006/ 002832

5 A preferredicl ass of tqransiti on netal conpl exes are

represented generically by the Formula (1): Ra R

~N MGM \Y2 L" 95 "wherein Mis Y[II], Y[III],

‘wh%%HM i) ﬁ%ﬁ ﬂﬁl] g Ii 'ﬁ HIT,:H ,,}r}[nﬂ,%rﬁ[:{{@ zz[;%]l, }[111] Zr] IV]

Hfbg[]' HI]I 1], ‘%itLM] VH@H\/‘[?[H el N%{II NPIF\)/LIYﬂI] N‘t}{l?{/M}qﬂNb[Ve}

Clll 111
Ta[\I/HII IMIV]FélE[IH] Cr[FIéI Mn[m NmMIIJ,]Mn[m IHe[l]Il Fe UL R4, Ru[m]

ReffG, CATRCO ) R o S Uk iy st o grow

coxth‘l’é]ﬁl&d)r ti&n&a{l% Bcﬁﬁ@& td the franBtiel mMal Vi Ylsis € &'P(RS)RYZ isYDR7), -0

is - n which casethe d from

(nivichoucat B bond TR toth is GRIGENEERIT-O, -CRONRD,
RIS TR B U R Bl e

selb@tDHEM h g’ﬂw@’eﬁcﬁd’l@gd b@etrb}tlyiﬁdtlﬂﬁ%ﬁll’l@dﬁfcbbﬁyl heterohydrocarbyl,
het er ohydr ocarb stituted heterohydrocar b%@
sutgtitrtel I\m@pby@a@&rbﬂ oruss,Rus ndeseale R isyindericadensly selegterd ‘from

dro h en,.  hyd
R R e o R R S
suﬁsﬁhﬁécﬂtet&bﬁyc?bbatbyl aittlardnidj Rehtasien ina9 e oired tdpethepio e a

together to forma

ring; G is either a direct bond between Y!and Y?, or is a bridging group, which optionally
contains a third atom linked to M when q is 1; L is a group datively bound to M; n is from
Oto5;mislto3andqis1or2.

One preferred complex is represented by the general formula (II):

\\ X

R? IM

7~
S
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ring; Gis either a direct bond between Y1 and Y2, or
is a bridging group, which optionally contains a

wo biorgd1rom | i nked to Mwhen q is 1; L is a grBUpGB2006/002832
datively bound to M nis fgom Oto 5 mis 1to 3
and g is 1 or 2. One preferred conplex is represented
by the general formula (Il): s Rx RO Inn Rb 20 n WD
2007/ 015074 PCT/ GB2006/ 002832 6 wherein R' is

]

hetStoh§aiotatben) sﬁtﬁhﬁit&hh{éiémﬁ?drbydrbﬂrorﬁlﬁh th\ﬁteea“aeh BaMnﬁépendently
is I ndependently selected fromh

selpsiert ﬁ@]@rWrogegMQ gepuhghowbylo%{lj)ls ’Fed ygrocar%ly? %eterohydrocarbyl
angg&&%{lﬁv@ﬁq{eﬁ ?8‘15};2%% Satrlﬂpuatﬁuﬂls&hér%ﬁ& JE'%& 1,80y e @Rl aﬁ)\’)]ve In the

er su ents are as above.

co?q?/ﬁx of Fﬁfﬂi)llll leiIptM llfsoprlﬁfﬂl #bly b IGroupMV metal qfaﬁnmﬂﬂryy Hi, @r auProup VI
nmet a articul ar ,
mefly RATEGHL Ay Gr.eFa Gopup V&l éreﬁéalwartm}?@?%ﬁ %anpéﬁfgﬁwly R*and
f d
R Do o R AR VRRIAT e B S8 Pt
sulsstihehistad €¢-Cq Rkl or 6@6324 asryb&taralkgln tls partisulat,-tks phdnyy proup may
or. C6-C24 aryl .or alk ul ar, .the'.ph I
be Gibstipiorhg) CpRosniifistiue st adiaads witbi CRIPARRY e
anfERA bk %?ch%&yhlt?elf béos\ilbo&’tlltuﬂ:GOUp or an 10
ant hracenyl group,” whi ch itself be substituted. A
f uAtfugherpreferred ecmplonis émtm armata @):Forrmula (111):
RS Ra/ NXm—R\Ln L7 q wherein Mis Co[ll],
C[111], M[I1], Nh[FfI], Mh[IV], Fe[ll], Fe[lll],
Ru[11], Ru[lll]., 15 V], Co[II], Co[lII], Rh[II],
Rh[1TT], NI INy, Cukl], CQu[ll]; X represents

—

an atom or group coval y or ioni caIIy bonded to
the transition M/ Ra\and Rb are each
ﬂ
R7

L. —q

wherein M is Cr[II], Ct[III], Mn[II], Mn[III], Mn[IV], Fe[II], Fe[III], Ru[II], Ru[IIl],
Ru[IV], Co[I1], Co[III], Rh[II], Rh[TII], Ni[II], Pd[II], Cu[I], Cu[lI]; X represents an atom
or group covalently or ionically bonded to the transition metal M; R* and R® are each
indeﬁendently selected from hydrogen, halogen, hydrocarbyl, substituted hydrocarbyl,
heterohydrocarbyl, substituted heterohydrocarbyl or SiR'; where each R’ is independently
selected from hydrogen, halogen, hydrocarbyl, substituted hydrocarbyl, heterohydrocarbyl
and substituted heterohydrocarbyl, and R* and R may be joined togéther to form a ring; R’
and R7 are each as defined above; and L is a group datively bound to M; n is from 0 to 5; m
is 1to 3 and qis 1 or 2. Preferably M is Fe, Ni or Pd.

A particularly preferred complex has the following Formula (IV):
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i ndependently sel ected from hydrogen, hal ogen,

hydr ocar byl , substituted hydrocarbyl,
whedogioodoy4lr ocar byl , substituted het er ohydr ocar ByT/GBr006/002832

SiR 3 where each R is ind?pendently sel ected from

hydr ogen, hal ogen, hydrocarbyl, substituted

hydr ocar byl , het erohydrocarbyl 20 and substituted

het er ohydrocarbyl, and Ra and Rb nmay be | oi ned

together to forma ring; R5‘1and R7 are each as

defi ned above; and L is a gRoup ¢%tively bound to M n

is fromO to 5 in is 1to\§%ﬂm qis 1 or 2.

Preferably Mis Fe, NI o Pd. Aarticularly preferred

conpl ex has the fol | owi gy~ F rnul\g f\V): WD 2007/ 015074

PCT/ GB2006/ 002832 7 Ra? R4 N—MUEN-@ELX LN A2
NN>MT]-(T/b)X Y NR6 R Wlereipn MT] is Ti[ll]

']

Ti[I01], TV, e[ 2Ze N L ze [y, HE (],
H[III], HE[IV], M1, V[IVIEENVIIV], No[II],

Nb[111], No[1V], No[V], Ta[k§], Tel!l1], Ta[lV],
C[I1], Co[l11], M[11], MA[1I11], MA[IV], Fe[ll

Fckbih MFR [ T, AT TTVRLEALRY 2B 241V OB BELEE), HETIVY

vitgs vggrstevbbm NoUb. ety bavdiy. B BRE med 1 eam,
hal. : . . ¢

CHpEEARIY M) ol i, g T S g o

Rh[dl], Rhjdllp MN{IIYPd[1§]; X ceprésefs anAtom or ABup cevadently or ionically

bonded &1 g gransitiepoti MET RS Ruighiod'sbld 8 BleHdndioh Wbtar Nt and b is

the VARROLHOBR Ll oS BloBp e I Hfig 01 YR 0gER, Ahat egédnindependently N or
hydrocar byl , substituted hydrocarbyl,,

P oh ERe mathythe proaisoythat at kegstamdt CRuReR s Retaad &?m @p@grig%pendently

or SIR ere .each IS I
B R e Rl
suHINEEQORERYhy drH@i B AR BER'9GhE R hclBRis isddpsihdently selected from

het er ohydrocarbyl; and R5 and R7 are each as defi_ned

hydibgane halpget, ydisicgrbyl, substigitedhysdreqashylybetgropydragarhyleand
h t i L ned
stk BerO RN a0 ARl RS CecldsieBed 49575 4 g

argrefReitly N and. PRfdrsbIER! to AS aftf eaoh indeperentlp CR3where bach R is as
and the others are independently CR Ex%rmalrgiot%ng

uch, .,
defined above. In alternative preferred embodiments, Al and ng A?is CR,
or one of A! to A3 is N and the others are independently CR. Examples of such

embodiments include the following:
R* R’ R* R’

/ /
=N =N

N—M[T]=(T/b)X

\ N
N\ /N—>7/I[T]"(T/b)X R2—<\N y /
R>—§:N\ ‘gr_N\

R® R’ R® R’
Formula (IVa) Formula (IVb)
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enbodi nents include the followng: RA RS R4 R5 R -N
-NNNMT]-(T/B)X RR--(\ NN>MT]-(T/b)X N R3 R6 R7
WRB00R150F0r mul a (1 Va) Formula (1Vb) WO 2007/ 01BOTEB2006/002832

PCT/ GB2006/ 002832 8 R4 RSg N N RZ2 /N-->M T]-(T/b) X

R3 N R6 R~ Formula (1Vc) wherein Rl, R2 and R3 are

each independently H or Cl1-Cl0 al kyl, aryl or

aral kyl. Generally in the above Fornul ae, R5 and R7

are preferaply igﬁependently selected 5 from

substitutet, or ynsubstituted alicyclic, heterocyclic

or aromatic ps, for exanple, phenyl, 1-naphthyl,

2-naphthyl .,/ 2- net hyl phenyl, 2-etyl phenyl,
2, 6- di i/Sopr henyl, 2, 3-diisopropyi phenyl,
2, 4R’ MIfEAG/E)X 2, 6- di - n- but yl phenyl ,

. phertyl , 2, 3-di net hyl phenyl ,
2, 4- di et h\ phehyl, 2-t-butyl phenyl,

2, 6- _ yl, 2,4,6- trimethyl phenyl,
2,6-tr|f!ug onefﬁylphenyl, 4- br ono- 2, 6- di et hyl phenyl ,
3,5 10 dichl oro2,6-di et hyl phenyl, and

2,[&)ﬂ|nh%((2v@- di net hyl phenyl ) phenyl, cycl ohexyl,
pyrolvl, ; 2,5 diyethyl pyrol yl py.rA dinyl,, |
pr"élfeé%/lp & énﬁ&g*n%rﬁtegﬁg%ggp%gﬁﬁggéh%e%g&? a{uﬂ’é’ %}/lg%rparalkyl.
@T@%ﬁﬂ theSatoPP FEARNEE R’ Y R'hiee Grefiibly Qdepéndently selected
follows? Res RN R23 R24°~ R20 R26 1/ \ Res 15 R19
fro@ubstituted or unsubstituted alicyclic, heterocyclic or aromatic groups, for example,
phenyl, 1-naphthyl, 2-naphthyl, 2-methylphenyl, 2-ethylphenyl, 2,6-diisopropylphenyl,
2,3-diisopropylphenyl, 2,4-diisopropylphenyl, 2,6-di-n-butylphenyl, 2,6-dimethylphenyl,
2,3-dimethylphenyl, 2,4-dimethylphenyl, 2-t-butylphenyl, 2,6-diphenylphenyl, 2,4,6-
trimethylphenyl, 2,6-trifluoromethylphenyl, 4-bromo-2,6-dimethylphenyl, 3,5-
dichloro2,6-diethylphenyl, and 2,6-bis(2,6-dimethylphenyl)phenyl, cyclohexyl, pyrolyl,
2,5 dimethylpyrolyl and pyridinyl.
In a preferred embodiment R’ is represented by the group “P” and R’ is represented

by the group “Q” as follows:

Rzg R27 R23 R24
e
sy R19 'R22
Group P Group Q

wherein R' to R* are independently selected from hydrogen, halogen, hydrocarbyl,
substituted hydrocarbyl, heterohydrocarbyl or substituted heterohydrocarbyl; when any
two or more of R! to R*, R® and RY to R*® are hydrocarbyl, substituted hydrocarbyl,
heterohydrocarbyl or substituted heterohydrocarbyl, said two or more can be linked to
form one or more cyclic substituents. |
Preferably at least one of R, R%, R and R* is hydrocarbyl, substituted
hydrocarbyl, heterohydrocarbyl or substituted heterohydrocarbyl. More preferably at least



10

15

20

Goup P Goup Qwherein R19 to R28 are independently
sel ected from hydrogen, hal ogen, hydrocarbyl,

wa@ewsoiiom ed hydrocar byl , heterohydrocar byl orPCT/GB2006/002832
substituted heterohydrocarhkyl; when any two or nore
of RL to R4, R6 and R19 to R28 are hydrocarbyl,
substituted hydrocarbyl, 20 heterohydrocarbyl or
substituted heterohydrocarbyl, said two or nore can be

| i ke 20 f 1i
ond 1§58 USRS o S0 S BBy o
hetawﬂpmwrbyu ar sabiistited hittesbhytinpdarbgaripst, preferably RY, R® R* and R22
het er ohydr ocar byl qr substituted het eri1 hydr o a byI

arepfipdepedestlyselpciad Toanlydrogstyiospbptititsd sydrocarby
9 Q), 2 gz
v STEARE Sy 5100 G B o OO 202 ey

indbyyeshdenthy seydcted fnerh enatigl getbylanipydpybrise-pieplyl, mdlyusd, sec-butyl, tert.-
het hyd byl . f , .R20, 1 d
buh 5 pea BePpH P B et AT TUBr Rk Ber LAY LA R AP R
“IEStRZtN:t 4 RY oG !, thq{@rﬁqq%@%%ﬁéﬁ{@%re%eferabl X
su

dtitutfed héterohydrocarbyl
independpntlsf sslcutdd fror hiydrhepe Akt fo/Cslydeosaghlls fomxamplnymethyl

e e N e R T

4- H%ﬁiéhﬁ@lgtptéfcrred e6hilex hafigie ool z)enzy 'R, R, R3,
, R21, R22, R23, R25, R26 and R28 are

preferably i mﬂ“epeﬁﬁent |y selected from hydrogen and
Cl to C8 hydro byl , for exanple, nethyl, ethyl,

n-propyl, ngib t-Jputyl, n-hexyl, n-octyl, phenyl
and benzyl ., 10 articularly preferred conpl ex has
t he For nmul : R2¢ R20 P R26 R4 Rl -N R19 R2
N2- + ‘W‘b R3 N3 R Re R22 Q RR3 7R25

Rea V\,herel n R, R2 and R3 are each
i ndegpe M?lr] Qﬂ/{%)@' kyl, aryl or aral kyl and
N3 R21
R6
O
st R24
FofmulaZ

wherein R}, R? and R? are each independently H, or C;-Cyo alkyl, aryl or arélkyl and
wherein R* to R?® are independently selected from hydrogen, halogen, hydrocarbyl,
substituted hydrocarbyl, heterohydrocarbyl or substituted heterohydrocarbyl; when any
two or more of R! to R*, R® and R" to R?® are hydrocarbyl, substituted hydrocarbyl,
heterohydrocarbyl or substituted heterohydrocarbyl, said two or more can be linked to
form one or more cyclic substituents.
. Preferred complexes are 2,6-diacetylpyridinebis(2,4,6 trimethyl anil)FeCl, and
2,6-diacetylpyridinebis(2, 6 diisopropy! anil)FeCl,.

In an another embodiment, applicable to all the above structures, R’ is a group having

the formula -NR*R3*® and R is a group having the formula -NR31R32, wherein R? to R
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wherein R19 to R28 are independently selected from

hydr ogen, hal ogen, hydrocarbyl, substituted
whyarocarbyl , heterohydrocarbyl or substitut edPCT/GB2006/002832

het er ohydr ocar byl ; when anﬁ 15 two or nore of Rl to

R4, R6 and R19 to R28 are hydrocarbyl, substituted

hydr ocar byl , heterohydrocarbyl or substituted

het er ohydrocarbyl, said two or nore can be linked to

f .
T A TR i
hetgfﬁhﬂf&rb_‘@@i}a o2 RabstiZutd Hétawaydropatbyld amtbﬂnw bé 11nBed to form one or

i i 'soprop

anil)FeCl2. 20 In an a oth
mowlw:aﬁqs%nle@wa amples 96BN CORPGER IS%’S? @@%0470

¢ hﬂeﬁﬁﬂer &%{fgrr{e ) k&gﬁn‘i\% g@gﬁﬁ%ﬁ%ﬁm %@z%%u&a‘dé &&cribed in

ourdiHh/d P AppTicaER2006T 00R3347. 10 are i ndependent ly
sel ected_ from hydr halo roc
S TSRS IRRE St sy Pt rona Bh o i OB
substituted heterohydrocarbyl, and may be I|nked to
form one or clic substituents. Exanpl es of
such conmpound di scl osed in WD 00/50470. Anot her

gr oups, cribeggin 5 our own co-pending
application P ]ﬁﬂom Particularly preferred is
FOIﬂTHJéaQDbstltuent aving the formula (11): Formula (I1)

di Sﬁ$at%35p§g5u g %@@Ef?@lﬁt‘c Y I&ésﬁlkt&e& %m}e%ﬁ%e for

ose exa sel ected from
exdngdlé,delectsd Ifmhahaildemulplm‘c@ nittae, d)llnatam, thlhq:amb(arylbai%yﬂi&t, &F¢,

hy e By S erY del@ae PR pibslffea SRS i
hetgt?%ﬁ&érggérfg{/lo 8@% Mmo&?: %ngélgfets oF ﬁc@lsatorgé( ﬁ s &6 cﬁkbﬁtle

foups are [ori brom de, eth y )

brom{id)@ylhcth)ﬁuéthyh pmplyy Ibutydewsyl, deshk phd:nyl wnzxdl l;nethox1de ethoxide,
nethoalde et ha

isopIOpPYIAE Ao HalRHA @6@%%? e?%%ﬁ RSP e Pigferred
exdl é%ﬁtfggatombﬁﬁmﬁ tﬁ%nﬁie@iﬁ&l@&f KRt (X 416 hahige, for example,

npoun Formula (1) are halide, for exanple,
chlohdie) mrmmdemmddehydnym sd@ildhfdlr@@amé%ur@th@@de ﬁﬁwmde
exa t h d
o aRBar SR ea R i Sapal RRSRO i b

hy(ﬁ@ Qyi?lt for exMpleOmathiy, |ethyﬂ eroﬁx %ﬂ@&l@octgl? Hbd’}‘l,, piehily benzyl
pr opy but yl octyl henyl enzy
substityad hxdr@@rbwme@@ahﬂrpear%ét @ﬁﬂh‘g@d@%@ﬂ@‘ﬂ Pr@%@%hl%és selected

L y l'ide,

fof N aRAE ap b ERaDY lorkieIERATE Ay Bl |

pr ef endyesh fo2 @xdmpiB¥ineehet Suchex aertpihgdmﬁmeh bedietytdiha@san alcohol

t et rahydr of uran_or diethy Ietéw an, al cohol
such as ethanol or butanol, a primary, secondary or tertiary amine, or a phosphine.

Catalysts particularly preferred for use in the present invention are selected from

those comprising (1) two or more transition metal compounds at least one of which has the
following Formula A, and optionally

(2) an activating quantity of a suitable activator,
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such as ethanol or butanol, a primary, secondary or
tertiary am ne, or a phosphine. Catalysts
w@asoviocwrarly preferred for use in the presentPCT/GB2006/002832
invention are selected frogythose conprising (1) two
.or nore transition netal conpounds at | east one of
which has the following Fornmula A, and optionally 25
(2) an activating quantity of a suitable activator, WO
2007/ 015074 PCT/ GB2006/ 002832 (%% (D2)m E)n~ (JD
MX)y(L)z P E A-- N\ 4 'a A A3 A wereinin
the five-nenbered heter/o ic grqup K, which can be
saturated or unsaturat and unsupstituted or
substituted by hal rocar byl groups, the atons
Al to A4 conpris learbavigfops and at
| east one at om sel N, O, /Pand S, the 5
remai ning atomin sail Leg, if an bei ng sel ected
fromnitrogen and carbon7xan é1ﬂN re of Al to A4

can formpart of one or nor rthar,\ring systems; M
is-amtal from G2 tO Periodic Table
or a | ant hani de mé)t aIa El an %Z\Afre atons or groups
bearing single and or doubl e bond connecti ons and

whbeimiy the flepareddrtdd/hesabeeiie grdupdd) whishibat be satedtedor unsaturated

o B oS B e IS gyt 0

corpi B &ty S B6RE1BMs and lavDeasalohy bt R3dddd 6 NIrOBAALS, the
hydrocarbyl (v) heterocyclic groups and (vi)

rentmmeg etubst saidieg] itiery, being velsciod fromi nitrggansmst daibons @ny 2 or more

of A" A ednhniln ot SR oS PP A e SRl FATRAR AR Goup 3

to BINGK the PBAMIc Tﬁbl%!r @ NarfiRdhidem st ' 'ah&'Eé dreQftoms or groups bearing
unsubsti tuted m{ hal ogen or hydrocarbyl groups; D1 and

singfe ang oe deigne bo Qsme@rong eod peing mdeﬁe iy elested eomsubstituted
or unsagst %tgg ﬁ%rﬁaén 6% 8r1(1)9a11 glﬁtac hydar(r)%arl ig alidyd {ceﬁ)ydrocarbyl (iii)

aro@fatic Ih?'&@eél‘byﬁ Geh ak&ﬁiubtsﬂﬁ@teﬂwmatlc Wdré(:a@lﬁ}d ({L) IPtaupRlic groups
satis the val ency and gxidation state of the netal

anMVlﬁé?ﬂer?ﬁ@StéWEﬁddjéﬁé’%ﬁ‘@ﬁ of aig graupe () & (W1 Lisuaseen eqQupuiping one
or ﬁ%reuél%ﬂ doh§ hid bﬁﬂ)ntaﬁy 8ne or more atoms selectqd from N, O, P and S each

of which can be substituted or unsubstituted by halogen or hydrocarbyl groups; D' and D?
are donor atoms or groups; X is an anionic group, L is a neutral donor group; m, n and p
are independently 0 or 1; y and z are independently zero or integers such that the number
of X and L groups satisfy the valency and oxidation state of the metal M.

For the avoidance of doubt the term “unsubstituted” as used in relation to a
hydrocarbyl or heterocyclic group means that any hydrogen atoms normally associated
with such group have not been replaced by other groups or atoms.

E' can be bonded to any of A! to A* Preferably E' is bonded to A'.

The five-membered heterocyclic group K preferably contains 3 carbon atoms in the
ring.

In a preferred embodiment of the present invention K is specifically an imidazole-

containing group.
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hydr ocar byl or heterocyclic group neans that any

hydr ogen atons nornal |y associated w th such group
whawe/onr4 been repl aced by ot her groups or at oP€T/GBRO0ED02832

can be bonded to any of A .J0 A4. Preferably E1 is -

bonded to A'. The five-ne red heterocyclic group K

preferably contains 3 carbon atons in the ring. In a

preferred errbodi ment of the present invention K i's

spegi fi imdazo tain

2007/ Pﬁ%azrﬁf)%]? %‘g%%ggorﬁ bf%a(%r@q %@p can eB(amP]ﬁ ?Xygen
sulf®f rfﬁtr%endirfphﬁiﬁlﬁi'usd@g]ﬂ{ arfin@[n @din€ bouplosphine. Sxefeqably D and

oxygen | fur, nitrogen or phosphoru g an am ne,

D’ a sthepiaeé ﬁ@m Qx}mfmsﬁb‘mlh @n apyeg @ﬁf’@gpylaBN(gnze orrgpphgsphiné of

forigar SR ) LA ORI R ® hyd tfaro % TN Btic IARafnt, )
aho?élltib B&ﬁgﬁi‘?g/lg?ild)’ ﬁﬁ?gtrlghyc(rbéarhylg (inpdlkyl sopstitoted ratiyila,tlc

R R O
(v),rr]téﬁf ﬂ}‘;(ﬂ5€a¥%yl(sﬁi>stgﬁf§8 heeYdRkdit gﬂ%\?k’ BRd (i) further 1m1dazole -containing

erosu Itute erivative sald groups (i) t
gro@py., (vii) hydrocarbyl-substituted heteroatom groups

d fiurth i md | t
P Pty TS et P GaRmP B MOk oy i T F g ehisqniaiping
groﬁf gfof E)E’c&ggﬂe CRO% YL NGherdid FOrEptBsents mEH&HNIR group and R*

wheréin Rl represents a nonoval ent group
repwsdntm dwa@m ewptd@rlaerlfrme fomexqmplapalinbetic Byrrpeashyl gf@lrps such

as Q?tﬁg‘o t%ér ﬁ buir)yﬁ lgrﬁxy ﬁsro)%gcrpyglalgdé%ftopy h E)(gﬁlp@tolﬁhﬂable

alidy8lhid hﬂb&drbyl@f@ﬁﬂ%' £6 adtimantil @b&nyR byaypéntyd and cyclohexyl.
hydr ocar byl groups are adamantyl, norborny

Exwﬂpﬁﬁfeﬂrwt?blealﬁunwchymwl groEpg ﬁﬁr Rhgnys b&)@?l@}fébra@hthyl

eﬁéﬁ:ﬁ?ﬂ afid Q{tg}ﬁhengér@%}? URRGRY ! g@f “Ex@ hfb[hlfga;ﬁx Ihydrocarby!

gro&ps 4ralbeszya) ﬂéWl Besist, Iﬂ@ﬂﬂ@parpyi[ﬂienyl dmyl(?rétgéanismbropyl Examples
roups are benzyl, tol

of szuteblelhregewyebygm@we pricBned, Sbiidingb 3ribisphensib 2 fprnd. 2

! ReRdstiblitivtkd derivatives of -
pyrgcthp'lsﬁ c&@@lﬁyh | I 'Ié)%t&}l&ﬁ?ﬂﬂﬁelggg% etEd Spyrlr i erlva ives o
sai@ grpupn Bl rcan aliéuf akdmepls dhderog bremosﬂﬁ(mo, fodoymitrg, amino, cyano,

er os bstr ]ted derrvgtrve toR'

h
eth%ﬁ? y rPBY "’@Qéhlﬁ Grethgxyogthoxsp, ngmyxyf(} ‘fror 0; l}fgg@y Rty
OC%H!;(@@&))CX%!S}R)xyZQrFﬁWI‘&Iy dﬁﬂcﬂﬁ%ﬂé ﬁnoaﬂiét}@ﬂdrﬂno ﬁ’(@ﬂh’j’l@&hﬁrlammo

thiegoshk mmnyb@udwmwmg. Exnaploy ofoﬁuﬁ%bl(nmrﬁsnbsmuted

der{\ﬁ\? g%%t%q}cp %ﬁapnéte(:i?tﬁé %{? q@lqrgétgf(lt E 119@?5%%/ ohelx a%Tnétrophenyl,
4—eﬂﬁix§ﬁl§b?1§}p31l¢}ﬂéibelipyndmyl 4- dlmethylamlnophenyl and 4-methylaminophenyl.
Examples of suitable hydrocarbyl-substituted heteroatom groups are chloro, bromo, fluoro,
iodo, nitro, amino, cyano, ether, hydroxyl and silyl, methoxy, ethoxy, phenoxy (i.e. -
OC¢Hs), tolyloxy (i.e. -OCgH4(CHs)), xylyloxy, mesityloxy, dimethylamino, diethylamino,
methylethylamino, thiomethyl, thiophenyl and trimethylsilyl. Any of the substituents R! to
R may be linked to form cyclic structures. Substituents R? to R' may also suitably be
inorganic groups such as fluoro, chloro, bromo, iodo, nitro, amino, cyano and hydroxyl

D? can be, for example, any of the donor atoms or groups specified above for D
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derivatives of said groups (i) to (v) are

2-chl oroet hyl, 2-bronocycl ohexyl, 2-nitrophenyl,
wd2@vlooyphenyl , 4-chl oro-2-pyri di nyl, PCT/GB2006/002832

4- di met hyl am nophenyl and 45 met hyl am nophenyl . 25

Exanpl es of suitable hydrocarbyl -substituted

het er oat om groups are chloro, brono, fluoro, iodo,

nitro, am no, cyano, ether, hydroxyl and silyl,

met ~ie 2phe j g€ : |yl

(. gﬁ'fé}{ &:@hﬁ?% ;2&13 ﬁl%fl%ﬂ)%e’-co%%ﬁ?g :ég%(u)?’ thi! FReE¥ can be
idediiend Wi K Th agrefdired bymbadineat D* aet Kiynteilayticirimidazole containing

t hi onet hyl , thiophenyl and trinethylsilyl. Any of the
gro8phstituents RL to R11 may be linked to formcyclic

str ; S| 1 i I

pe 30 BBl LARMER0 G Kiis PRIy Flfod, St 138 Pbmulc 1o
toVio, nitro, am no, cyano and hydroxyl D2 can be, for

exanpl e, any of the donor atons or groups specified

above for D1. WD 2007/015074 PCT/ GB2006/ 002832 13

Wien D1 and / or D2 are an im dazol e-cQnt-a#ning group

this or thesegan be i,enﬁﬁ;ql W th Kyt a preferred
embodi nent BN and, K ar g-} tigal imddz

groups. i dgzol e<cqnt ajni ng group pr efler abl y
a group sel fir om\Forytl a& il a Syto X \

i R2 N/ 'Rs ‘4211 R R; RoRaR - R-- Rl
HN Re HNh-..._R2 FN ~ R&;-.3-R RI1 RO™4 RY

~

-
_____

~ -
-----------

-
______

wherein the groups R? to R are independently hydrogen or a monovalent (i) aliphatic
hydrocarbyl, (ii) alicyclic hydrocarbyl, (iii) aromatic hydrocarbyl, (iv) alkyl substituted
aromatic hydrocarbyl (v) heterocyclic groups, (vi) heterosubstituted derivatives of said
groups (i) to (v), and (vii) hydrocarbyl-substituted heteroatom groups. It is preferred that
the imidazole-containing group has a structure described in formula IlJa or VIa (these are
“benzimidazoles™).

These defined groups R*to R preferably contain 1 to 30, more preferably 2 to 20,
most preferably 2 to 12 carbon atoms. Examples of suitable aliphatic hydrocarbyl groups
are methyl, ethyl, ethylenyl, butyl, hexyl, isopropyl and tert-butyl. Examples of suitable
alicyclic hydrocarbyl groups are adamantyl, norbornyl, cyclopentyl and cyclohexyl.
Examples of suitable aromatic hydrocarbyl groups are phenyl, biphenyl, naphthyl,
phenanthryl and anthryl. Examples of suitable alkyl substituted aromatic hydrocarbyl
groups are benzyl, tolyl, mesityl, 2,6-diisopropylphenyl and 2,4,6-triisopropyl. Examples
of suitable heterocyclic groups are 2-pyridinyl, 3-pyridinyl, 2-thiophenyl, 2-furanyl, 2~
pyrrolyl, 2-quinolinyl. Suitable substituents for forming heterosubstituted derivatives of
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IVa R7 Va RIO .' Vla 10 wherein,the groups R2 to Rl11
are independently hydrogen or a nonoval ent (i)

wa@bdoplostor£ hydrocarbyl, (ii) alicyclic hydroceebgB2006/002832
(i1i) aromatic hydrocarbyl j4(iv) al kyl substituted
aromati ¢ hydrocarbyl (v) heterocyclic ‘groups, (vi)
het erosubstituted derivatives of said groups (i) to
(v), and (vii) hydrocarbyl -substituted heteroatom

said B§ 2 kS RUS 1T R BLARFe! Mro 1'51}6310' ALz RJ'd% 580! &hRoN&yano,

grfoup has a structure described in formula i11a or Via
ethét, hpdroxplrand sil§l, Trba@mqymtha}m n)hsﬂoyy (The 2B}, itolytbxyr(beips

o 5 RIS ST Rl B e ST,

thuﬁﬁétﬁ?l' 8itopHte ?Ndn'd&ﬁh‘l@t}@lshl@h aﬁxﬁnﬂwﬁ&maam he’@fd%upﬁltutéﬂe
nethy et hy et hyl enyl, butyl, hexyl, isoprop and

dem@twemftsydd ) tes.{V)cﬁre 2erbicrbethyl, a+hr@y@¢yc&ohexy 2-n1tr0pheny1

car by, [ 0o a rLbornyl,,
< B o TRV pi S8 3 dm yegpinophens .
Ex@hpleBbf soifayRgasichiblyl- muﬁﬁecﬂﬁ@erﬁﬂ@ﬁ)}é roupyj 428 €hlko, bromo, fluoro,
napht hyl, phenant hrﬁ/ and ant hryl anpl es of
iodg ifrarpraing) gxANO sqther: ydipresd and st metheypredashpienoxy (ie. -

u enzw )
OC%H% gﬁYB{( 1%py€)bﬁHﬁ($?i ?h’é}’lgﬁ%&g}{%ﬁlﬁy}% gl%eglilylargxno di ethgflammo,
meﬂfylﬁhbrlmﬂbioetm@ﬁethplc ﬂﬁbphenglrmnamﬂmsﬂypym;a oﬁ;ﬂe substituents R* to

3- pyridinyl, phenyl , 2-furany
RISy e Ry 107 e Pavciuiss (TP HaMPYS R0 Revngto Suitably be

1no%%fcr C%@g]%sstu'cﬁ Yt AodeEAINARL bk, doV R QI?I{IQJ]' \539&% anfgl hlydroxyl.

002832 14 said gréups R2 ft are,
exa arEIE @iemmaftebrafemsd tolag FEB), camdxécthe sarmer«)r dﬁmemoatoms or

etk FHEleRE e 85 gD end — 1 Bty selected

frofﬁy(h)ydlr?hyuc ﬁs%ﬁbéayﬂ)ﬂxg% aﬁ'c':}FE‘ﬁE fh/;Jd%Baﬁgnl (ﬁﬁ)eér&ﬁh@mt&ocarbyl (iv)
["am no i oret hyl”, t hi 6pheny

alkylrsuh*etttmed@mryatlc Itsdzonetted (Ofhetaoayaliv ercmes dwﬁélat@swsubsnte@d

derbvagle [d &tétid;lgeﬁul%fé\l)stg I&%)o g.vﬁ *{P ﬁ Q&?}{Ocarg}’fi?‘%bﬁé tblﬁeélrmwroatom groups.

Exﬁnﬁ%@@f@tﬂﬁbl@)dwaléht eldupk B- QrePEHbd LOMLCH,-, -CHZ CHZCHZ- 1,2-
4-di met hyl am nophenyl "and 4-neth I am nog
phemyleap) feagisol.2-sHslopasttanehiy am&,arocfylo gmtz rhUé@e 1,1°-biphenyl, 1,1’-
0 Sup r
blﬁ%ﬂ{tﬁ%l: Q{ado S gc I;}%fn%f ‘}{ydcﬂie?c E ag)r(@ it ﬁ;&)qsa??rwt’ﬁcol%%’rocarbyl
grotpt MM@’ pr@érbbbyyhe dikelenixgtolp Eés -CHCEERgmpleobduitdle (tivatent

SORPER 9t dehine cﬁbyk@ﬁgﬁﬁ’ Bt Mt oot hyl
ko TRl EobS bR ES I, R Brdk iy BREL it
hydsodashant grenp.dt &4, far eRamNcmjorml Igmt duu satuivhtyd basatumked @a afomatic
ringgﬁ%ﬁgr}s. ﬁéjf?;ﬁ%%i}?; Eﬁ% Em@l And can toget er fro}noadlg)yrlcﬁnet, rp?p’eridine or
pyrrole system wherein D! is the nitrogen atom and E', J, E? from the rest of the ring.
The values of m, n and p in the present invention are independently 0 or 1.
Preferably m = n = p. More preferably m and n are both 1 and pis O or 1.

When m, n and p are zero in Formula A, the Formula reduces to Formula D.



El and E2 (hereinafter referred to as "E') can be the
sane or different atons or groups. E is dival ent when
wW@2003/0r®ro, and trivalent when p = 1. Eis PCT/GB2006/002832
i ndependently selected 15(§rom (i) aliphatic
hydrocarbyl, (ii) alicyclic hydrocarbyl, (iii)
aromati ¢ hydrocarbyl, (iv) alkyl substituted aromatic
hydrocar byl (v) heterocyclic groups, (Vi)
heterosubstitqbed derivatives of said groups (i) to
(v), and (viiy hydrad@)pd); substituted heteroat om
groups. Ex | es of{ suitable divalent groups E are
-CH2-, -CH2@M2-, - CH2CH2-, 1, 2- phenyl ene,
trans-1, 2-cycl opent ape, \trans-1I, 2- cycl ohexane,
2, 3-butane, A A' Adrpheny\, 1,1' 20 binaphthyl, and
-SiftdMgap It islprq{e ned that Eis an aliphatic or
aromati c hydro aAQxl /group. Mre preferably the
di val ent group\E i SSA -. Exanpl es of suitable
trivalent groups E are’-CH, -CHCH2-, -CH2CHCH2-, and
-Si(Me)-. J is a bridging group between E2 and E1. It

is.preferabbé a Cl to C12 divalent hydrocarbon group.
whereinclah, EY, &, Aektondst &L, X.dv. mapdztaress defingd gbayeed

0L 56 o TR S AR T

5 lar@ RefetydoMngoundy. BRb@pky st aiitablidigands £t illwstiated in copending
ni trogen atom an E2 fromthe rest of the

d E1, J, E? , i ng. 4
PatypicAnplicatien BfO RDOHOBIG3 publisheflah PreaeaivorBR, ChePiAls aRe 0"

' ntl.y: : ?@gl — = p. Mre
Se%%l@ﬁ%?)abglﬁy Ar%gé\rg}aﬁﬁcé?reﬂg%}%%% ah%oge Fssﬂo or 1. When m
n afHe fiveenteral haterboydialgeoup, K chmtaine mtiehst 2r eadbrmeomein its
F la D. 2007 74. P 2 1
oo Sl 03 A0TSR0, U2 v
| HifeiMoneof the nitrddRfl aford B HBfded to th
10 het%??ﬁ%ggr%%v% Shl’é?‘é“ ﬁlgﬁgyt [ én rrlnat al ecof‘r%gur?ds of et
trafsitiorumetabarahitic Dosdito Beis demiotd by th Hregd vglengy beirdye

variety of conpounds. Exanples of suitable |ligands are
illustrated in copending Patent Application WO

2004/ 083263 publj shed in the na of BP Chemi cals on
30N Sept enber"2Q04 - see in i cular Fornmul ae Nos.
0t . Theg fivg-nenbered etg%ﬁﬁitlic group K
§ont I ns at Ié;st car bon at§z§ nits ring and

®rably has Narbon atons Tn WNts ring. Exanpl es of

sui t abl e 5- menber ed

suletiRety



10 heterocyclic groups are shown bel ow wherein one of

the nitrogen atons is bonded to the transition netal
wap@7oh®7bond to E1 is depicted by the "free" PEI/6BY06/002832

bond: HS O NC NHS Nﬁ)@ll\kl\v 1I5HS O NNNN

WD 2007/ 015074 PCT/ GB2006/ 002832 16 HS \-N NN NN

HSO NNN N , :r/ Ir NN "--NHSO NNN N

~\ Ir, -N \\/ NNN5NNH NSO

o

N—

O GO
O
/ o O s N\N/\\O/

15



NNN~VVYNNN NN NHSO NNNN 10 NNN H
SO NNO/ N\ (i" \ NN N- 15 WD 2007/015074
wEAN@BdeO6/ 002832 17 The fol | owi ng are exanpPEEGBR006/002832
transition nmetal conpl exesl\,} hat can be enployed in

the catalyst: 5 HM H NI Ne NN~ Co C C

M MM NN N1eNI/-N C G C H HNN

The following are examples of transition metal complexes that can be employed in

the catalyst:



10

15

20

25

N\W i 1eMN NC C C W 2007/015074

PCT/ GB2006/ 002832 18 MeN HN N -7"DDNNN MNCC3
woObboT0CG034 HN-CrCl12 5 N NN MN/ VN / HN/ HCHNBRING002832

10 NNNSCOCA3 NG Cl12 NCrCl3 NN~//N HN/ HN

[ HN /15 HN HN HN N N ~ MeN-VCI 3 PhP-CrCI 3 MeN

TTA3 HN/ HN/ HN/ 20 z,PHN (co ~MeNTiCl2 OrCl3

NNCrCl3 \WN\ A\ N\ / HN NHN 25 WO 2007/015074

PCT/ GB2006/ 002832 19 Ph HN

N

4

N
MeN— CrCI3 HN— Crol3 HN— CrCI2

Y0 XD XD
@@'@ 230

Yo Yo 035

povIig =) p
Yo Yo Yo

O O

MeN T|Clz ohy CrCl3 C[ N— CrCl3



HNHN . \ N N ~N MeN-CrCl3 5 MeN-CrCl3 MeN-CrC13 Ph

y NN/ HNHNPh 10 HNHN / HN N ( \ \ N\
WORN7OIBI8 MeN-CrCl3 N MeN-CrCl3 N Y N HN  HACT/GHRM06/002832

15 HN HN N\ S N MNCr Me//N-CrC13 N 20 / HN

HN 25 WD 2007/ 015074 PCT/ GB2006/ 002832 20 HCH3 H H

CHH33~H - N~ 11 ~ 11 N- d-' NNI NC | "C NdO

\Cl O O CH3 HH3 ; CH3 % H3 NI 11 N - NN

(S

Y

9
MeN—C\rCl;,

MeN— CrCI3 MeN CrCl3 N

2 @ X

. /
MeN— chI3 MeN Cr% MeN—CrCly
k{ K(N
7
o
HN
o 3
Y
o
MeN—CrCl3
CrCI3 \

P



- NVNONOIIN\O- " G I\ Od CH3 CH3 Ph Ph H

H HNCO r_. H N6 NV N~V  0C 0 CH3 CH3 H3C

w@rd7hso”R H N %11 ~~ ~~ N~ ~N - 11 N v || ~BCINGBY06/M02832

c"iIna da i1 a dad ORl}-#q?IH~NNN N 11 ~I 11 N
0 11\0O NdNOVSONDb R2 RI 31,

N
T SR
N——V——N 2 EN
CI/ |\c1 ci I cl
cl Cl
NN PN
T @WC_?_QD
o[>0 o | e
(| (o} |\‘ Cl
CH3 CHs3
Ph
Ph H :j/\ /\rn
e N I | \
C}ﬁ% O
o/"\o
C N
CH3 CH3

R4 H

"3q Ghy
N | N N N N
Y T
N——/V\——N CI/ | N cl
cf !l) cl cl

R4 H R4 H
| N | N
R0 R0
o[>0 N
] | o]
R2 R3

R1-R3 = alkyl, aryl, etc.



R1-R3 = al kyl, aryl, etc. WO 2007/015074

PCT/ GB2006/ 002832 21 HH ~~ HHHNLI1 ~~ NN N N
woeampisor4 11 - /VN N NCi C NO | d d PLT/EB2006/002832
~H H3C NII1~11N~5NS§V11 C/ N/I d NdCTI d
N d d ‘H3CO~~NOIIII1I NCI> NC d H3C CH3
HHCH3 H NN N- NIl I 12 NII I Il - NC NY N
- NV/ I "AdVNd vVHCHB H HH- N~NN
Il 11 N
H H
H H H N N
N A~ T
T VY Ny
N——V—N CI/ \CI
7\
ci | cl Cl
Cl
H H , HaC
NY\O/YN S r!l S
RO Ao
CI/|\CI Cl/l\CI
Cl Cl
H3C
OY\’!I/\rO
G0
CI/I\CI
cl
—|+
H3C CH3 H H <|:H3 H
| N

Y = Cl, SbF6, BF4, B(C6F5)4, etc
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N\V/ Y I'I NCG-NN /i \NYCO d O HNNOJ Y =

C, SbF6, BF4, B(C6F5)4, etc WD 2007/015074
weON/eBEde06/ 002832 22 In Formulae A and D, M PGI/&B2006/002832

nmetal selected from G oups to 11 of the periodic

table or a | anthani de such™as, for exanple, neodym um

Mis preferably selected from Goups 3 to 10, nore

preferably selected fromSc, Ti, Zr, H, V, Nb, Ta,

C, Mo, W M1 5 and Co. The transition netal of the

catal ysts used in the process of the present invention

i s InPsimlieA and D, M dobalktal sdlédiadromn Goup<d ]Jhpf the periodic

haf ni umh vanadi um [

Bt

chrom um_ The i.oni X i %
tabtfocrrmﬂp ﬁméaﬁuqbeas ?%waalﬁpme@dywl% d%Preg? dhlgs plyd from
s%rqoq% eﬁ]{}&f&%{ﬁ% séq ctéd HXﬂrS?:Cﬁ ! HEND U, ”[faofh Mo W Mn

phenyl;” "a’ car’boxXyl at €,
ancé@arfﬁheetramﬂﬂmahﬁakmf thcﬂceaa:lmty Lisedain dieaprecesaof thei pjesen'amventlon is

e I e S A o
hydgx Xﬁmmc@‘r&ﬁf R3hiPéahila Acditie, RE cRafplR; & AQNdY, PRiéAEly

or weakly-coordinating anion, for exanple,
chipgte af brooridd or athrdroga ylgnolp.forekamp}e, theshyls bergyl er phenyl; a

el B i Rk P SRR R B b R o xamp

dle@hy@ Rin@dY; Gn Qlkokldeafor @RdBple, Tlh@tha@u& Jethoxd@ @ phghexife;lor @diydroxyl.
for exanple, a solvate nolecul e, for exanple 15

Al@rr@tlﬁe;flv, Xtope be gmomiqoordintiagion é/ealflaswcoelséalmﬁmé angne gy yprample,
e BEpgf4 THLBHOATIG B! i, AncRRELORps Ky b

sat@bediffersht amd mhy‘!ﬁﬂdepemrenﬂy beniohadmlomo nJinugatie dr atanionic.
nonconj ugat ed di ene, opt| onal | y bstituted wth
or kBe BeutEl Ggper EravRkcar be. i emwmf e igplecule, for exaniple

dieglg}l gﬁ{epw fHFyén ﬁllépﬁ‘)r e th e gcﬁQtH %@éé,&ﬂ%@&ﬁ% r?r Eyndlne; a

on atons’ an t'm ng
phosphimegfoe Bﬁarhplg anrﬂl,ethyl phmphlhe or frrpheﬂjd phrsphibes or water; or an olefin

s-trans- 4- d| but adi eﬁ ; . . :
or gnwt&l@onma@ PE DR qoni ggteééﬁqngd?g}pém ¥ Substituted with one or more
gr&b?ﬁ@edté’d frofi IWd?@d&FB’}JI ol rBn Y1881 $R&ps, said ] group having up to 40
trans-, 04-2,’4- hexadi ene; s-trans-i4-1, 3~pent adi éne;
carbon ahomssandzformmg d|pu-@b1y1plex Vet Ndhendeis a diene ligand, it can be, for

exaénQIF a%éans dl?f)hse%l I-1,3- Pe%l&e%le,l sxlrzms-f] -3 -%Jetthy 11“,32{]-pé:madlene, S~
trans-m -1,4-d1benzy1—1,3 -butadiene; s-trans-n*-2,4-hexadiene; s-trans-1"-1,3-pentadiene; s-
trans-n"-1,4-ditolyl-1,3-butadiene; s-trans-n4—1 ,4-bis(trimethylsilyl)-1,3-butadiene; s-trans-
114—1 ,4-diphény1- 1,3-butadiene; s-cis-n4-3-methy1- 1,3-pentadiene; s—cis-n4- 1,4-dibenzyl-
1,3-butadiene; s-cis-n4-2,4-hexadiene; s-cis-n4-1,3 -pentadiene; s-cis-n4-1,4-ditoly1—1,3-
butadiene; or s-cis-n4-1,4-bis(trimethylsilyl)—1,3-butadiene, said s-cis isomers forming a
.pi.-bound diene complex;

The value of y depends on the formal charge on each group K and D, the charge on
the anionic group X and the oxidation state of the metal M. For example, if M is
chromium in oxidation state +3, K is a neutral group and both D groups are neutral, then y
is 3 if X is a monoanionic group (eg. chloride); if M is chromium in oxidation state +3, the
K group is neutral, one D group is monoanionic and the other D is neutral, then y is 2 if all

X groups are monoanionic groups (e.g. chloride).
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11 4-1, 4-di phenyl - 1, 3- but adi ene;
s-ci s-Tl 4- 3-net hyl - 1, 3- pent adi ene;
WG 207813014 - 1, 4- di benzyl - 1, 3- but adi ene; PCT/GB2006/002832
s-cis-i4-2,4-hexadi ene; s-ehs-,04-1, 3-pent adi ene;
S-cis-71 4-1,4-ditolyl-1,3 25 butadiene; or s-cis-71
4-1, 4- bis(trinethylsilyl) 1, 3-but adi ene, said s-cis

|sorrers formng a . -bound di ene conpl ex; The val ue
of 1 s, ot Bfeh G HEAR: OFBASHDOE QP ¥les of the

mewls cvaltand shmhﬁumfaré b&fmdabsp%lalﬁn complamsﬁ & FarinuM A s
chromiumin oxidation state +3, Kis a neutral group
and both D groups are neutral, theny 30 is 3 if Xis
a nonoani oni ¢ group (eg. chloru@qk if Mis chrom um
in oxidation state +3, the group is neutral, one D
group i s nonoani onic a e othen Dis neutral t hen
yis 2 if all X group e nonoan\ oni ¢ groups (e.g
chloride). WO 2007

£

process of the pr I nventper—tRa(ge), of transition

net al conpl exes o neté&l s cobdlt and chromi um are
preferred, espeC|aIIy C exes of /Formula A (D2)m E2
)nDL M X)y(L)Z P/ H 4/NFO mila AAA 5

wherein Mis Co or Cr. Most bythe process of

t he present invengd.afa 8Mpl oy Z?l) Z* ftransition netal
conpound of Fornula A wherein MT4? and a second
transition netal conpound of Fornmula A wherein Mis

wheteiroMi isdo oF{er. st pm&raldythwbmss 0 2the fpogsentrievemioal eygptloys (1) a

wali3fch ol S BaPgRt Fogmb A wREEr M i Cohgor el engition metl

corié?(&ﬁfd@f%ﬁﬁulalﬂ \ﬁlﬁé@ﬁﬁl}ﬂ@ssc}%mmrﬁ(t ures t her eof .
anpl es of organoal um ni um conpounds i ncl ude

t ria kq/mtmmﬁhmmm (Bdanths catalyist esed ipthe, process of the present
I et h

1nvF1|)t1cH1u1€ 153?9 € ecteng?}'rP%irc;_rgérgoé1@1}1%%{,80[@%0[%@5 and organoboron |
coripbunda bﬂﬂih)f’cutmlﬁhr@dﬂ Bxafi®les dif &frfatloaluithitdt®dmpounds include
trialkyaluminium compounds, for example, trimethylaluminium, triethylaluminium,
tributylaluminium, tri-n-octylaluminium, ethylaluminium dichloride, diethylaluminium
chloride, tris(pentafluorophenyl)aluminium and alumoxanes. Alumoxanes are well known
in the art as typically the oligomeric compounds which can be prepared by the controlled
addition of water to an alkylaluminium compound, for example trimethylaluminium. Such
compounds can be linear, cyclic or mixtures thereof. Commercially available alumoxanes
are generally believed to be mixtures of linear, cyclic and cage compounds. The cyclic
alumoxanes can be represented by the formula [R®AlO]; and the linear alumoxanes by
the formula R”(RmAlO)S wherein s is a number from about 2 to 50, and wherein R'®,
RY, and R"® represent hydrocarbyl groups, preferably C; to Cg alkyl groups, for example
methyl, ethyl or butyl groups.

Examples of suitable organoboron compounds are
dimethylphenylammoniumtetra(phenyl)borate, trityltetra(phenyl)borate, triphenylboron,
dimethylphenylammonium tetra(pentafluorophenyl)borate, sodium

tetrakis[(bis-3,5-trifluoromethyl)phenyl]borate, H'(OEty)[(bis-3,5-
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chl oride, tris(pentafluorophenyl)al um ni um and
al unoxanes. Al unoxanes are well known in the art as
WO yroadory t he ol i goneric conpounds whi ch can PET/GB2006/002832
prepared by the controlled,}5 addition of water to an
al kyl al um ni um conpound, fOr exanple
trinmethylalumnium Such conpounds can be I|inear,
cycl ic or mxtures thereof. Commercially avail abl e

triff@ﬁ(gg%ﬁ%gj&w@ﬁo%%nﬁggl tl\éa(n ﬁta'fﬁlag h%.ﬁ}élﬁa%)r/ﬂ}a xhdires of

tristpentaiarpheadNbden! dPkasEIfREgdaluiniuor mm;a)uhaaml &k Fhoboron
and the Iinear alunoxanes by the formula RI7(R18AIOS
W@H’éﬁﬁl@hesuséd nunber from about 2 to 50, and wherein

L0t PO L ISR UM f e
1nvehthmi iepthe Paulwdtoxg;emaaﬁ frdnx argaheduminiemicomipbends and organoboron

corg{) St %}gfﬁo 4 ;:qo gﬁ:%g}%a aségplg(tmggyﬁoy B?éﬂ%lga by the preparation of
smg]fl kdsy 4l %1 (nﬁ;lf] R bORLALE PoltyfﬂeHB@ AP QEMities of the monomer(s) and

ammnl um tetra(pentafl uorophenyl)borate,
thusdxddatmnﬁﬁe ﬂa acakltjs of the produced catalyst. It is generally found that the

ool B ST TR IS A Bt S5 10 2100

atohds IflaH@hiaR Byborbh ?E‘b/dtanlﬁ(&fﬂ ?resent in the compound of Formula A.
trityltetra(pentafluorophenyl)borate and

Mlmur@(qi élmﬁf@rﬁmmwmwmpou@dmay R wtedr es of

or 9 0 d
my BBy SR B P e R BRI scle PP AT
C Onpg:um)jlohﬁﬁb’oﬂdmgt dﬁﬁh@hﬁﬁﬁﬁ@vn@g‘ a CheLpymsard CdB type of layered

invention ie, the activator selected from
orga%ﬁ?ahﬁ#ﬁt@ﬁa conmpounds and or ganobor on corrpounds,
is e b npl e,
by tﬁb::2 éfq% ar at".rﬂélﬁg% & l%h@lﬁaegﬁ gﬂiqlcohﬂjr can be
used(ii-8) hatippelyiompooadd; agdiant i ti es of t he rmnorrer(s)
and ] he act|V|ty of the produced

th to det {
cat a(‘%féijﬁal?gen@% @Hn}éa?ng’ll CORRAMESt hat the quantity
Thé€ B’gﬁ&ﬁéﬁ gtlvatct léfrfp'lc%’eﬁnﬁ tﬂeg)régeﬁf’lhq‘?ntgn]méﬁb@&” 1RO Q}/;ﬁtd?%‘?osed in

ferably 1 to"2 tons of alum i um or Boron
EPp)%}89§9 afdesiredIJuck $ewis dondstdre thosrpoupelinds whashmalpabla of receiving

M xt f di.fferent
ot ek e SR ShmBpitnn] € ol on R o5 S B P sePY e Bt
traﬁ’s‘iﬁ&ﬁ»ﬂqeﬁ?b(ﬁﬁ 184 THeQL‘@vﬁ@acﬂ)indlﬁHé's %@ﬁemmgntﬁﬁfeaqmgiﬁomc-
having a CdCl2 type or a Cdl2 type of |ayered cr st al

bordingieqnapands baw(lbg a)laY@rMyst@ll Sa‘}lctﬁtﬁn@fraa@ L &ype or C I type (b-2)
claﬁ o {;lgg)ér%g%g o8 nlﬁg glgan%g %%Pe'& %mpO\(.u?ds zb 3) heteropoly compounds,
and (b-4) halogenated lanthanoid compounds. The Lewis acid further includes SiO,, Al,Os,

D

natural and synthetic zeolites which have Lewis acid points formed by heating or a like
treatment, and complexes and mixtures thereof.

US Patent 6399535 discloses a coordinating catalyst system capable of
polymerizing olefins comprising:
(I) as a pre-catalyst, at least one non-metallocene, non-constrained geometry, bidentate
ligand containing transition metal compound or tridentate ligand containing transition
metal compound capable of (A) being activated upon contact with the catalyst support-

activator agglomerate of (II) or (B) being converted, upon contact with an organometallic
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(b-4) hal ogenated | ant hanoi d conpounds. The optiona
activator enployed in the present invention may be of
wo b@7yjpes di scl osed in EP1238989 if desired. BUDB2006/002832
Lewi s acids are those conpgynds whi ch capabl e of
receiving 20 at |east one electron pair and is
capable of formng an ion pair by reaction with the
transition netal conplex. The Lewis acid includes the
\ = : [
co RS a0t By ARl PO AR s Mty
supppmacubatm) aggidnayratecdfeﬁl) nwheeeia ltise traasitionmerxidb anigest one member

slo QRESFRTBA FoI0 PR RrBfa b I B aci d

(IDf datdl 38 bup el afie atodh om%?eo&mﬁﬁlﬂkaé wn%osﬁé‘ dr gmth&fs’[ Sne

zeolites which have Lewis acid points forned
inopgsatq mgd%eompqnenbselw@afmm 8102, D3¢ dias), GMBQ:;,&'H@L Zr0;, and

t L 95
CrlOa b RE AR BN oy S LR B BT b in BSinghces prigeen te
layeds@hd ssfficapl bwisn@idifyl WhespRsddt rithal tk ¥atalysduppBAsktivator
ne non-netal | ocene, non-constrai ned geonetry,

agalomenicatasactiyatelthe prscratbyst 2iban Hiy nre-snte]yst isin peatagt with the
cat%gémﬁb'&qt chtlvtaf r%ggfogfe?até fsgi?ﬂgye%%%%{eg% ?a\ygligz‘z{] Ell }ol g ¢ component

conpoun
andcardnamtic mmpoﬁdme; viadreih yaitl catigpe edmp@rht Maresent W1th1n the

i S SRAt f [arotd A SpiloTl Ay TP PRESTRDbB Etsalbly associated with
said bt SaREOBBAOQABS henrithiR é’%%gonm%:lgtﬁtqg él%l ﬁwhl%ﬁlﬁ!e{’ﬁg&gnt to improve

capabl e of being activate
the eetieilyyafithe soppimrtingcatilysitsystemdot miymaﬂmngfet}ﬁrldn): monomer
wherein. the tr tion netal. is at | east qgne
explBrBER0kE PF Bty eislohe B 415m B casflvBh sk peschotn delBine: toithe
activity ofRe6rr6pohdial cWlalylt {klen é‘iﬁﬁl@&/ﬁ’@tthesééﬁ%&%x% c@ﬁﬂ}‘s‘t’ B4k the

aggl onerate conprising ‘a conposite of | east one
absenaerpd etberi Qommmet A he c@euyetcsmenort-wmasmgglomm, wherein

the QbR el kv R gt s R oo Rt Shish e in
intib@teatict fre suffyeit o pleide Wihiic beMicrbavics oﬁ?feddattélyst‘fé‘gﬁms of
present wthin the catal yst support-activa

cataihjsé FeRRor ot céivatos agglemerateot fiem sbeutcal ol apout §#sh Thedayered
mat@flﬁ G he! %? Iexér?%l'ena SROGARCL 0 ”[thlg ctaﬁgr § Ee%ﬁé? {rl}g {Presen invention

port-activa oner
canl’ma\cmp(jpwdozath mmtalymmpmaétlvh%ragglomrm h®ddseribed in US 6399535
onent, wherein said cationic conponent is present

lde”ie in the interspaces of the layered material, said

| ayRraad;idRis fHeal ti%ﬁhl%tl{/éﬁ&l R Iukid AP S ﬁﬁ%&ﬂls log employ

sai d inorgani c oxi de conponent W thin t¢1e agg
catalytlcaquaammf csthifni halc@enatecbconmnmdethat e capitily bf yroafoting

cataiaf ﬁyﬁg gté(dl h@?s gtac 1s type arg %sﬁ;egl lgr %geiﬁlofnytﬁe(r:asé tIrlla% the transition
metal in the complex is vanadium. US Patent.5191042 discloses that certain vanadium-
based catalysts activated with organoaluminium compounds can be promoted using a
variety of halogenated organic compounds, for example, carbon tetrachloride,
hexachloroethylene, benzylbromide, benzylchloride and 2,3- or 1,3-dichloropropylene.
Other examples of halogenated organic compounds that can be used in this manner are
ethyl trichloroacetate, chloroform (CHCI;) and n-butylchloride. US Patent.5191042 also
refers to the disclosure of Cooper (T. A Cooper, Journ. Am. Chem. Soc., 4158 (1973),
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expressed as Kg of polyethyl ene per gram of catal yst
system per hour, relative to the 15 activity of a

wae oo esipendi ng cat al yst system enpl oyi ng t he SBOEGB2006/002832
pre-catalyst but in the agsence of either Conponent A
or B of the catal yst support-activator aggl onerate;
wherein the anmounts of the pre-catal yst and catal yst
support-activator agglonerate which are in intimte
.gont : Iofd i ' | 6n ©fe ability of the halide
il B FELRLE ¥ b CFRBE hele R A Bk O B bty
to oSidiZR@Ettaia ¥hhadiim compgindsemderstaidafd eomditinpat F @ example, carbon

about 500:1. The |ayered 20 terial c be, for .

totrashlamige & asaiapbe FSoPRVIEY Bly! IOTREASTOfPEEt 80 oCwANE piiep listed
LESENt.ol | i , ¥fér than 200

vl ST bl SO A0 R LY 3, iy an
rela@@&ORT3foni tétrad:hhjridg.dWHen iteiel dgsiired(rjuo e ¢ heéogqﬁnatedrmcmrtor, itis

actl vator, conpouna, 1t c e advanht ageo o_¢e
prefgeechfoy4se hasa RAYINE B SOBET @’BF’E sy it e lcl_g)n%gaﬂf%gm' The
use Pﬁchﬁ%@r&&%ﬁ?ﬁ?ﬁcﬁﬁy B SoRbihAbnARitle ddrdkdied-bagddi catalats is

r oo s type are especial Iﬁ%usef ul in the
generalie wellamnowhén threcart iand 6or detrils of userpfit suehmppraRterssteference may

MM T T T —
is p9§sﬂﬂ@ﬁ>aén'ﬁm)ﬂ %ﬁ@g@ﬁtﬂd@gﬁﬁ@ccﬁﬁp@mam@anzﬁlomsieng)uathe

variety of enat ed organi c conmpounds, for exanpl e,
companhdsmemionad hbaye ate preferesdachl or oet hyl ene,

benzyl br omi de, benzyl chl or i -

1, glz%q céﬁ?gl‘tso%?%lﬁwcg ﬁx etﬁg Q‘%S‘%ﬂq Eré\?eﬂg())(lg ‘r:répP%I‘s?georPore than one of the
defA8l AaRIRBE e8I ganpsundeMasidartdubilyosafubehes éds HesiteHite make

manner are ethy

[ | trichloroacetate, chl 01’ of orﬁn (CI—|C1{'.’.e).t.

polpdignes haying asnesificaldy desirepzationdt 9@ 1LEms PIYAYT. hUfegpUpeyt 1s

t hscl _ _ . .
o5k G380, By 200 D) cotiin
chrETUNCR206 6rhASA83 heta? Gawhirthe fhehatiesof transpolylicneawhereas the use

organi c halide, agctivi i hdex based on.the abi.lity of . .
of JupfeCOTBPIFERS CORBIRE a?‘%a_@’y s SRR 2 e ratiof of is
pol#cggfeg gﬁﬁ%igﬁgée B?g’ﬁg A RS- didiRlin SreaiieBee 6@1hEAixed catalysts, the

ssi-gned a reactivity of 1 in
ratib ©f tvadgodt modre)y Gutalpsts @@ aDe, cobaltibasef eand|the pthgr chromium-based) can

be pp LB e 6 BICTIF g a Gh oy A PPOEnE T pbPbES o
car R ditRin 8 Ak @€ motd8dTidetl tagsitles hieedd copuseisathe catalysts of

hal ogenated pronotor, it is preferred to use those. .
the peasemigneenton gen alsp drludeanngion giore oRebeRIYStE .fw05p@1?rbﬂng dienes.

abo 30.. The use, of . ial:ly.i
coodbo e Gee ST QRS BSRRRER i cn e

utiRDSF akdiréd\ Wil Hocaes dhaldzeusiotthoseriiscliased ieWeDOH4@H46 and
use of the sucgh pronoters reference

X{Ha%/ ble made to tUSl i
USP6Q3$i 6. Brgxanplean gately StROmeongil SSPaite 3 FRQINFLEompapgnt sotution

| ARl | |08 dlidtichdntothP BES ek iSatich BRRbOYThe
colfh B BERIDS - DAL Rl iuoram it sa
propBiies of polymers produced using such methods can be advantageously controlled
thereby. The catalysts of the present invention can also be employed in the process
disclosed in US6610799. In this process, mixtures of two or more supported catalysts can
be utilised containing differing amounts of catalyst components wherein the concentrations
of the individual catalyst components can be independently controlled within the

polymerisation reactor.



10

15

20

25

30

conmpounds nentioned above are preferred. The catal ysts

enpl oyed in the present invention conprise nore than
woee@7oisovhe defined transition metal conpoundBCT/GBR2@6/002832

Is particularly useful whep7it is desired to nake

poly dienes having a specifically desired ratio of cis

to trans polynmer. For exanple it is 15 found that the

use of conplexes of Formula A (and preferably of

For gyt 8r fbrEOMtha bRARSts, £ RTHH ?bﬁélﬂ ﬁ‘l@Ter R84 {d t%ﬁ process of the

metal favour the fofmation of trans polydiene,
preséng inysatiornéans ifclesicashpe siibsedomra aalppoml glatertazh! Fhuasfot keample, the

t.r a%nstlon net al. favour th of cis
catal ¥ Y e AN $RRBTIFG Ol %%F?ﬁ?ﬂ?l 18%{‘1@ "%‘F‘P%‘i“’éﬁ SUpRpriefon the
sanf¥f @&Eﬂ@l@nﬂfypém sipptmaatial et she drliore Eéﬁ\}a@brﬁ’guﬂﬁ@?te& 8h the

rmr(e&(fcat ysts (eg one cobalt-based and the ot
SaneHQ!, fﬁﬁﬂ‘b%‘@é@ll)t meggiial) dtablejsuppatimptsriplsave, der Q;(ample silica,

stof F At e anlgh bR ARk Re o bPpiRE oF PR Ftcs o
exaqin;ﬂmpcbly@tlfn.ylehdslepo@‘;&tﬁﬂ:ﬂ(ﬁbﬁp(qﬁz?1 anfif@&t@e@Hent invention can

al so i.ncl ude one or nore other catal ysts for
polf yatirsddhe eptafivain €an be fosmed & sifwigithepresenca of thesupport material,

or tgggﬁlfgai\éftqnétgnéﬂ? gé g? glgprg na‘ie,lzleorg)rréﬁ&% §nmﬂﬁ%feoﬁﬁ %9?0

| Se SN Focesses an
sequdsm'mﬁy,dwﬂ;lm bos eximbre dmnazéaetﬁgst@ompdnéaﬁs USE6RG67 5f tHeaspported

catl B B e PR ) B B P RO bR g of the
presddt [REMEIH Vfth hﬁﬁiﬂ)xtaﬂf?lnoé)élﬂ Ie! nzéﬁ Hifknt §8C x%fn Q@ola‘ale

(g@opertl es of polyners produced using suc ods can
hydpecaghbnasiteymguspaytiadate saidoetnatefigvey the 'pltmihmaarai g\@bsrating the

vl G TR R R e T o e
ﬂoxﬂiinéﬁ)kﬂvﬁér Ofhet MRSy JTRY ?po?ﬂﬁ@@hﬁ%ﬁ@&éﬂ %%tv%r}p%e%o fO€example

utilised containing fering anounts of catal yst
froadRpOAR R & Sudves per rgratnh ef eeridlameseat indhe trapfitivhenetal compound.

t. nenIs can be i pdepend
cgﬂ{ r oﬁﬁ%%%e %ilﬁo & lﬂgl ?’E RSFHADAFP eSS ng‘@tp&sen%vgmlon
con}PBIY HdRAY HaRhd (Hebi2bral ﬂ)@l&&ﬁa{‘RZ@ @{éCRf—@{Q?@{%hérEiﬁ R'toR®
catal ysts, and or conponents thereof, used in the

are B%E@%@m&f selegded %@@é@/ﬁfogen,\ﬁtamgeamlkzdncyqlcvallebésarwb @rallpd, and
alkégll' Fbs e fhe SRR 055?&?5 'dfaeh% h;l-\l;lﬂg SulIs?{uttl%)ﬁ ?t%d ﬁt o111 One or

cat a{)yst ystem can conprise
monewif ahloom mmhjyldsthglu p@m@ﬁ}é Cis@p’rop)l'lﬁor ﬁ@gieoﬂmudmfeﬁ af BBeric forms

ot B P T T a0 3 R Y01
pheﬂﬁt @Jbi[fﬂ’eﬁyl %{g%l?}hl %eﬁ%ﬁﬁgﬂ E%%ﬁ% ?ﬁ?&%@?ﬁér&g{s selected from, for
examal}npbanuhn@h}/lo phmlathylaphmwmmm, mpbqhvln)mbyl of melkyl groups,

W ﬁrg S)%/y‘j}/le tﬁ or E-m&ﬁyl}/laﬁil’%ﬁyl ?fowever when the diene is too
heavily substituted by bulky groups it may be difficult or impossible to cause the diene to
polymerise due to steric hindrance. The diene employed preferably has the general formula
R!'H-C=CR’-CH=CH, wherein R! and R® are independently selected from hydrogen,
chlorine and a C, to Cyo hydrocarbyl group. Preferred dienes are 1,3-butadiene, 2-methyl-
1,3-butadiene (isoprene), and 2-chloro-1,3-butadiene (chloroprene).

The optional comonomer 1-olefin is any suitable 1-olefin, preferably C; to Cyq 1-

olefin, capable of being copolymerised with a diene to form the defined polymer.
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If desired the catalysts can be forned in situ in the

presence of the support material, or the support
woraiogial4 can be pre-inpregnated or prem xed, PCT/GB2006/002832

si nul taneously or 10 sequengially, with one or nore of

the catal yst conponents. Formation of the supported

catal yst can be achieved for exanple by treating the

transition net aI compounds of the present i nvention
Ex%gﬂgs t\ ﬁfgﬁéo e@chgllégé %%{ﬁ% n'geﬁﬁt pi r’ hos nE 45 hylpentene-1, 1
octpa, momohwne mlmpmnteﬂ rmahc&nermls amzl $ty[renhe product and

ratl the wvolati di | uent duced

eva
UL P sparror S pF B aresbtyyhyntion R Bf Hied auripasingle
reaé®r H PR Gr R %actoﬂ‘ﬁlagé@iﬁtsbﬁé/s &fin Ph‘iﬁﬂ@lr In !E@tcﬁie' t‘ﬁht a s1ng1e
enpl oyed can vary wdely, for exanple from 100,
reagtog isatived,$he regetamisoied vathahommessisrmaterialtand at lﬂaﬁiwputmnsmon metal
MoNOIMe

cof B ite: Tea O op A SRR UE o PEdufierrfiuelher ipgether. 1f desired

theGEHBitioA Qfet c@t&x%ﬂ%d!;ﬂ:\éhfb@ féhamataioally fop bidifrent times. In the case
R R2C=CR3CR4= CR6 wherein R1 to R6 are

tha FiepraRerSTEAGJOLs areesed dn fatisa thy birsh gragtor Fﬁafedg’%i?h até¢qs§/one of the
traﬁéft% ﬁ%&é%’%IOm}?]c%%d ana [t}?é ﬁ%t)oﬂcﬁ'rﬁg legét lfbﬁﬁ&lrea or is Efedt w1th at least '

aVI ng

one;ﬂjrmlt metfdmrmaaleccﬁmmmﬂeThé p@llyh@h@atldiﬁ&ioh&itmnebahy!be, for
pr I sopr opy or single or mxtures_ of isomeric

exafna?lﬁgap){lbphqg@rﬁpymon §;q sluggphpse Qi gagy phasgy Iigdegired;thg padalyst can
f

L e e T

comalitiars Whega‘m) ﬂpespcéyihemt Rﬂtefrllabfmmﬁ as a mkanphlm;rcrltlcal monomer.

Prq&l rrewg%ﬂﬂlg h@g}{%&é}%@d S.P%d'y glutlgg pgg%é Oé)gamlpaée fluidised or
stnrréd BEd- coﬁ&'ﬂt&ﬂhg FRAbd ro&"sseg Tﬁ%d’l%h@ﬁfﬁﬁbﬁ Bébndlf'@n’{ﬁc\éﬁrb;? batch,

when the diene is t heavi |'y substituted by bul
COR MY oSO semirggntiygiogs.f In the IShmwrphamugsaSE) rd the gaaphesetpecess, the

s e W T
solfd dan Ge Jo8 ednrsiellannirtiieted sBlid analyRystesh foRdePaBARRE bie or more

sel ected from hydrogen, <chlorine and a C1 to C10
of thy defradrtapsitignaugsal pmoandseanddipsianallyaneactivato or san bathe solid

TR A DE R NG AR o o

poly DIRTISHIOR zode, dbieddampls anyoldtitnt sdpaatdly Glodf bintogether with the solid
referanyCZt C20. 1- ol efin, capable of being
%S&m efal Govanpunds Rrefergblyfle e%alvﬁrswtﬁwrd%ff 1raf§&lon metal

N

phdse pelymeridationt ik yippenteé oa 4 stippdt matetieh d\dostand‘i‘erafmmg catalyst

substitu nor bor nenes and ,styr.ene.
sysfsgt w&m%ﬁ.w Preed Slegpal prigr H@éﬁ‘i‘i‘?d"rcﬂfﬂé it e Rolyogrisation

zorfeArSuitale %po'rﬂné’teﬁhl@ At for'RAMPRY siflka, 'aﬁm‘ﬁﬁ@ Acofifa! falc,

reactors placed in series or in parallel. I'n the case
kiesahguthr smagnesflaemagnesium chloride and polymers. Impregnation of the support

material can be carried out by conventional techniques, for example, by forming a solution
or suspension of the catalyst components in a suitable diluent or solvent, and slurrying the
support material therewith. The support material thus impregnated with catalyst can then

be separated from the diluent for example, by filtration or evaporation techniques.
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5 reactor is used, the reactor is fed with nononeric

material and at |least two transition netal conpounds.
wab@7otsansi ti on nmetal conpounds can be fed sepP€EHGBRG06/002832

or together. If desired the transition netal

conpounds can be fed sinultaneously or at different

times. In the case that two or nore reactors are used

in series, the first reactor is fed with at | east one

of ik d 0

ot e shiiiiehs Al EIGUOR RN e 36 bilfoled oLty
Suppnﬁed Qmally{sx aterfedhtn & ptdmmﬁnmionczonqoaﬂrw as Eﬁlyqaowder orasa slurry in

the ne‘?rlrsl ﬁ Ehl?lgﬁ% dl télab Cﬁ%nﬂrgﬁsa%rg?r e)g('aagﬁ}stﬂglg%ltmmzone as a
sus%@lﬁldr?ﬂ thé B@lyﬁl%h?dtﬁbﬁtdﬂ%@ﬁt peBRskrisRiRPLOMRRAL $8, fol'8xample, an.

nmononer under hi gh pressure/hlgh tenperature process
auteelavd o1 stmdanueactipinyessed qyelopnémiays ﬂmtpetacmr £@r ofthadype well

cL [ I 0 r ahl
o e rBRRE LD TRACET el PERR S, Whenteeor
po]@ﬁf&n@d’ﬁﬁﬁ@rédeﬁs ﬁf the Pregéntibveatioh iechrid@to g aRdérd S@hp coridihons the
t hese praocesses the pol ynerisation conditions can
polymespationdy prefeallti sasied ouhat atgmpristise dbove) *Chaost mnefeyably above
r
15‘]@; aglge nﬁ{lgﬁﬁ%ﬁp@g ?erﬁo&?ﬁglae;ig %?;e;t%lg afi%t%ﬁq’zegtﬁgﬁw &t@tt&hﬁ(&}iture at
whichrthe pcﬁlymepemﬁmendeat@ scfteni ot sinfdriis theﬂﬁhﬂedce:alhthb @plyheerisation
.exanpl e, an undil uted solid ataly system f or ned
dilyabnftithis eBHETegie i IoWegtto g abetet R daftef FRErAtIg w@pg jof the
FRgteds:. &
ree O P PRI O bp ARy Rin fec QBfipctPichprature
rangest ¢aarprevitde auseinl medns odcbmtmihmg theamaﬂage fretkcitar tWegght of the
SO

t f
oo TR 1 Bifer Siosudiores chbomatpns g maleculitameiehtinio
conkthe ?@Hﬁﬁﬁﬁﬁlonph @Iﬁe%t@g&n)ée bhRydrased! ghs RVIﬁMﬁé&irésocfhaH‘t?ansfer

transiti on netal onpound conponent” of the catal yst
agesiy sﬁenﬁr@llwp lthwlegh&rﬁlmsmxcpgtrqufréyd@acn emplaped,ghglower the
nrerl pperted on a support
ave%] erl a rl\)gmg ﬁe?rgé}lf/e% 3’%% al yst 25 systemis

supphe ﬁ@%fQﬁdﬂ)g&ﬁl BRDdda MedBIdf@bntesllifg tHeGvefage molecular weight of
introduction into the polynerisation zone. Suitable

thepapypes or fepadymen apphipbgenesilyde shapadymerisation prcmeﬁﬁﬁfﬁbe present
invéx%t o%orP ?ex&r@ﬁlg }fydﬁéeeﬁ%l ?%Q ﬁsed%ggﬁﬁk gl? e{@%@%cﬁ@g%lar weight of

e an regnation he=su
polymbﬂrdr abpmiymeﬂ@rqmred m;‘dng’)gtats Iihylseg shii§phased solutlon phase

t echni ques, for ng a oI ution
Polxlagﬂ%aﬂgpaﬂn%w% gﬁ@a‘t“&’ﬂ?@t‘)f@éfgxﬁgﬁ%ﬁ%ssm cEieNeddpeive the
desfledl H@é?ﬁ%eolﬁoﬁ%lﬂleﬁérgh B! débdrhifg %ﬁng@ ‘ﬁﬁeﬂ%ﬁ{i Error”

eri

mat er | therew th.” The support
polympmﬂgnattﬁds with catal yst can then be separated from
filtration or eva t|on

t f
| DM Br dpasBl BrbnGise RUtrerie OBy s % o khgyvi in the
art.t SRhShéthéds %élﬂé‘ﬁﬁy Wd@glﬁﬁhg Qg YRGS, ViRath) (514]u1d1s1ng) a

particles cat al upported catal yst, are

bediaf catapyist. prrebied af ﬂl@ﬁarggtrwlﬁnc ée. pdyenhayingdtbe sane a1581m11ar
phy% cHf erperﬂes to that which it is desired to make in the polymerisation process)

containing a catalyst, and feeding thereto a stream of monomer at least partially in the
gaseous phase, under conditions such that at least part of the monomer polymerises in
contact with the catalyst in the bed. The bed is generally cooled by the addition of cool gas

(eg recycled gaseous monomer) and/or volatile liquid (eg a volatile inert hydrocarbon, or
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the polynerisation diluent. Preferably the particles
are fed to a polynerisation zone as a suspension in
wo b@7padogsreri sation dil uent. The pol yneri sat i oOPCEGB2006/002832
can be, for exanple, an. 53autoclave or simlar
reaction vessel, or a continuous |oop reactor, e.g. of
the type well know in the manufacture of polyethyl ene
by the Phillips Process. Wen the polynerisation
gasPoaR6orMér Wileh RALRRALohdbSeH toFBrnh § 1iga1dY. ?He ?b‘l?rn%f) eﬁ)rduced in,
slurry conditions the polynerisation i§
andclaﬁ?lﬁﬁeé drosytgas phasetpsprsasea farms ditsotlea oatid ims c pplyefeeisativinyzone

s BB ekt BRIV LB SERELL Ut g st

art\ihamyhliduie ispdloye to eerhe pes/neRissid e OF a%‘ai‘ %)l@e[se pBlynf¥gisation
presence qf the polynerisation diluent.
Progess He ataghty qfél%llld svwenllin rdgiongevke quﬂ@tltmftmlymer present in the
(S e6an
L —
is foramdetissblued in b aolyest, aaitshrrgvpltee aprosabed wigaingh@polymer forms -

cont rol I i.n Ihe er age nol ecul ar wei ght of the
glﬁWﬁ* UYeDt.yr t her useful means of

C Onl“lli@éa{s'phgset P8cdER IC&I?HA SferitBl Ghde ];'bﬁtcg se}rﬁ-b%%d&cvé]o-é%'fﬁd
pol yneri sation in the presence o t'ogen I C
“copinupug’scaridationst ﬁmgfﬁ'ﬁrrechlgelp'crat@nbr ad»ﬂdyt;lortsmeclhthah @fonomer is

o S S TS Sch 5 Lo
catdlf®, @ik&&ﬁﬁ@ﬁ@rﬂeﬂ@eﬁn@ﬁro@uﬁ&% F1]31%1fce SORPistd ROnbiEr, and

averag,e nol ecul ar V\Blhg e po yner or copo yrrer

congpuys sorgeﬁe:@nmwgly it m@wmm&@dmdsaﬂymr fpom ¢lessolprhettisation

B ERERLcET 0y AR ARG R i

addpdbtoytive pslyﬁrenea.’ttmi AT S rePlRP eHeChtdlpdt RathE FSviPRAS Ghe

slurry phase or solution phase polynerisation
pd}@’é‘?ﬂf? ?Ibﬁ%ne it theuapduceg polymeydr ogen gas to be
ecul g wei ght
can Eé‘fg%e{rgt} t‘l’l@ 8}(%%58 S48 ér%ge[ ??’ng{eglg 4eF 355 Hasd

pol}pnﬂr;saum emtdu’mnns; ﬁstcataly@ﬁ oMetid@dfofe@T tIRP&InASdnsts Q:ﬂﬁ)loyed to
nerlsatlon rocesses. are mell known in the

fmﬂiitj}aes"% %?Wof‘d@m@é% b Htrafupstligia e aglymerisatipn tsagiontzpne in
liquit fokrhl ﬁ)gexe\ihél'éaés' D1 R}onfih ‘dh de3d RAkd ﬁllu%‘?dTﬁlfls g&t& Yple, the -

or a bed of the target polyner
translhen gwind compenant, carthe ep;dmyatloc abmpmrl:qne fot: beﬁl dfahdsb abm‘phn@iﬂs can
nerisati on, process)

be s e R AR e e o nt et e B e Gid e these
circtifR§temeRE itdh pfe‘f@&td tﬁé“hhh@cbﬁtairﬁn% e 3k Gﬂéﬁgr% %ﬁ@é& as fine

under conditions such that at Teast art
dropess e theolymenisation zome. H@rﬂf‘ad@t dirmetet lsgrefatablyywithinrthe range

o BT D TS A GP R D 00 P i

specifidagibn,| dsdldsgsib Prdoess fr Mﬁﬁodhdslh% SBFyfrﬁerﬁXt‘i’&P@a@a{l?Q MmtoQgas phase
WD 2007/ 015074 PCT/ GB2006/ 00283
polymerisation. The methods disclosed in EP-A-0593083 can be suitably employed in the
polymerisation process of the present invention if desired.
A problem that can occur in the gas and slurry phase polymerisation of olefins is
that of fouling of the reactor walls, any stirrer that may be present and spalling or
agglomeration of the polymer due, for example, to the presence of static electricity. The

problem can be reduced or eliminated by judicious use of suitable antistatic agents. One
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30 gaseous nononer whi ch has been condensed to forma

liquid). The polynmer produced in, and isolated from
w@am7pisase processes forns directly a solid i nP€TeB2006/002832

pol ymeri sation zone and ig;free from or

substantially free fromliquid. As is well known to

those skilled in the art, if any liquid is allowed to

enter the pol ynerisation zone of a gas phase

exagrm;%/ SF 3 h, @ %}llngﬁfg{l(g gg? T S(ﬁlb elﬁlg lfargl}s&g W:lpé-&er s%tloﬁ' o’{" olefins are

corhﬁyeltcmy RBHl INE i e HheOFade Aathe “FITADIES. i n cont rast to
sol ution phase" processes wherein_ the polyner

f OTh@ﬂod¢$ 96 ﬂmeseﬂt ﬁlVgl@ﬂGﬁéﬂfl be gﬁ)aledgumq (&pnﬁﬁl&w&l commerma]
polP 8GR i 128 Bl U R bethiefl pRUBREIPHAR using

othep&inahedial batelystsems of ﬂm mbp&bnﬁehl oramsgspociat hyet, 46) using Ziegler
"conti nuous” conditions. L¥rred tQ o&grate dlat
Natip erdplysisripetaliensae §%IéWS§SH%ﬁat ?ﬁswa ehyogingiiflhRigasty and late
traﬁs?tﬁéﬂslln@tgl 5a?alg{i e'irﬁt &, A H‘iﬂﬂ)e‘iﬂ%érp&tﬂ?ﬁ%yﬁ&% 8f theftypes
risati catal yst, make>up nonomer being
hasﬂfe@n IeKh!edsWeiy deqiribed nmhle prior ar$ eold referoneermaybeimade to the prior art

o S LY O LG AN BEGEESRe o

f t 47612,
pregé}gglﬁfeﬁ{%@ FoP ek IEpik AdeB FP 75f196ms 9&1@19 IUSS@HJ%BHUSW

catal yst being 15 added to the nerisa
USAIETSE Eﬂ’eﬂﬁloé@é Whe6EAe EEH’/\AA%&P&%%%EBM&EM Us6284849.

UsBROVT 3 WG G135 e, BEI0KFE, \RERps0022

weaﬁ/omsewmpﬂ/meosaﬁdwwmmons the cat al yst or
one or nore of the conponents enployed to formth

caPeqf«;rgblyélempolmprsesfé%pr@senb EVEREQTOGARER] nphmeretth@l L0 moles%,
m éag%e %bly QE)'?oIHofe @’Ctelvgl{]{n%f)gﬁrefe?ab%f P'Sqﬂbl ]{)éﬂ:enft Ghost

as’ 'a so

preféusly <00 mekampbeperidagt vihylapsuysibasedoat tab nmiaimmnmnt of or

the activator conponent, or both of thH Z) g/rrp P?gnt S
polysaeriseskdigmesunitsy ey by ofspenAant agnyl gropps ¢ " Gelves HAd

| ymerisation zone. Under these

Pm%??%ﬂﬂgFgﬁggﬁ it is preferred the liquid containing

the conponent(s) is sprayed as fine droplets into the

pol yneri sat.i on .zone. The let dia ter i's

Thﬁ PEPELABCPOR {ilHsFaed \néhﬁéﬁg’@“ﬁgg D nicrons. -
Exgxlﬁ}gl%s 9283 Q%ﬁowttﬂ@pxieﬁﬁ%ﬂbﬁgf Bdanth ’w‘htbh' can BBRBRYto make transition

orporated Iinto specification, discloses a
meger oomslrcxémumahb'raym]cyadgn ahqombmmvslam@m Exé@pbls pomdidrhew the

s BOS3 RSh BRSP D A pgoAes o homoan

coM&MBi@Jat@ﬁbf BitadlieRE Bsifig SihgleRRNnFIEEs attalicAtaBRE §y3tenist Example 6
desired. A problemthat can occur in the ?as and

Sh@*’ﬂﬁlﬁ propazsien o6 pakalt emnlenanst 2 epraparaiive Rolymerisagigp opputadiene
theﬁ? Uilth %al%f %ﬁlu%ﬁz"&gst fie Ip%aka%ron%@%ut%ﬁieﬁé 551y}d%?§ hd{ie pﬁrymg

Sé spa
cis/trans content using the process of the present invention.

Examples

Experimental Procedure

All manipulations were carried out under an atmosphere of N using standard Schlenk

techniques or conventional nitrogen-filled dry-box. Diethyl ether was dried over sodium
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15

aggl oneration of the polyner due, for exanple, to the

presence of static electricity. The problem can be
wo edaoed7or el i m nated by judi ci ous use of suiPebIGB2006/002832

antistatic agents. One WO 3907/015074

PCT/ GB2006/ 002832 31 exanple of a famly of

antistatic agents suitable for use in the

pol ynmeri sation of olefins are commercially avail abl e
b R L RO il e, T PP ARAE o phfSsium and
distiedrender aitrogenl Tolesmesatlipentafiavietd dneelsbmdsmg ﬁ]IOIISEgh cerlumn

T T

actiARMPRGR I ¢pd1RE 3 199). M@(ﬁ{@r ?ﬂJnQ'}MH}@t\{f% 8 Wlﬂ’l%ﬁtsﬁlrther
met al | ocene cat al ysts, heat activated ¢hrom um oxid

pucheatiopst s and late transition netal catalyst systerrs.
Transi tioni ng between catal yst systens of these types

Polyaser itheractexisatitai vel y described in the prior art and
reference may be made to the prior art nethods for

Thaaadragousleyulativeight eMyeaddgsof maghutadiads We@éi)ﬂéieltnﬂnét’éby gel-
of the catalyst of the 10 present invention.

peigieatiph ehrogeiographys 6863 using polyaneers, standaisy 28¢ shloroform (HPLC

e RS e BRI Rl By B 080 s

spddfsdmetet Op&atndat NB0CL M@GEZWM&B&EB%DzWCGHﬁh (l :2) as
04/ Oﬁg%@é% W04/ 060922, 04/8 04/.06093
i_neawr@pglptgmeye PHEIPFS Jfﬁ spectrometer
opérﬂﬂl?g‘it'ﬂmcc&%@ﬂdmoats SORVeAt. R Q c%raQVé?P B 03154 I‘E?Elﬁ Elmer
pr efer abl noles % even re prefera .
176ﬁ§(E§-I%(;Ké3TGhWD nost preferably <0.1 noles %of
pendant vinyl groups based on the nolar content of
Le eI s of pendant vinyl
A particularly

hesis | ) diace
Th? Efaegtgfsr (ngcge l%z 12 %F@J)Bt% Hed gy geacﬁ%%v{\?ci]gcﬂﬂlﬂents of
ethgl ‘mpﬁroatetﬂla V\ﬁfh thé gelm:kpon‘dlng bubsamthieammedn the predeace of potassmm
ransiécl on taI conpl exes suitably enployed in the
cargpRale hP‘ﬁG tion. Exanples 3 and 4 show the
preparation of a variety of chrom um conpl exes.

STy RS o o R S L R T o S T A

systens. Exanple 6 25 shows the preparat| on of a

cobal t conpl ex and[a conpa | epotymgri sati on of
but adi ene therew t{h. Exanplé illustriates the
preparation of butadierpoupd yner sRhaving carrying
cis/trans content using-the pbrocess of |the present
invention. Exanple$  la Hexyl

1b Pr

Ic Cyclohexyl

1d "Bu

le ‘Bu

1f CH,CH,OMe
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Experi mental Procedure 30 Al manipul ati ons were

carried out under an atnosphere of N2 using standard
w®eheno74 t echni ques or conventional nitrogen-PCT/IGBA006/002832

dry-box. Diethyl ether was3xdried over sodi um WD

2007/ 015074 PCT/ GB2006/ 002832 32 benzophenone ketyl

and distilled under nitrogen. THE was dried over

pot assium and distilled under nitrogen. Tol uene and

SynBfESs ARR MESi&h il aate V.- h@é&hﬁﬁ (igy ough a colum filled
W Th comerclally avai e reactant (Cu(l1)O on
Thl@bdiﬁ@)diﬁid%s Wi sigdithia SlgdTt wiatdefbatibil of B éitdrmatd @bsedurd. N-

MAO ( Cro ton EIE was used without further 5

heXpsl@mmq Gaﬁﬁ A5 dL@AP gat 1-6 TRl Wepeepined and

cool(;é‘atc‘?% wei ghs (MN and M) of pol ybutadi enes were
term ned by gel - perneation chromat ography (GPC)
Undes Ivf@rcimlsﬁﬁing’, ene equiadlekets detapicbrombacadto (26.2HELIG1 mmol) were

oAU T SRR ﬁggwfw%%t%g?@ PO & 1hisi i} ppyfurther
evo?xil_o% )%@ C%z%s%s&%@ %@&ﬁ@w%eﬁgﬁbéﬁ W & G vde P4 %@%@acnon

sol vent . asurenments were perforned
prow‘edd:d we&ugkleert thiCtanierathie. sifiecalioneg dre moperds cog tatod@s

temger %%hwgq qfélia%tséﬁ!;%l ;/6? gt%qy]l ﬁﬁ?rlé% 121&))“51& 08t aalg Sfom%med The
solv@ﬂﬂﬁzﬁ‘@ﬁhﬁav@(ﬁ td A 1@Ia@<a%1e0ye%wlﬁ B. %51 1‘5‘@0@5%ﬁﬂgsyleld 20 ¢g
la-1f (see bel ow and Tabl e wer e obt ai ned

(97 584 H NMR\ﬁéO@qa |Mle,dhls/§Cbﬂ6, &) B84, @ri‘béb’éat)ﬁl 84 (i 2H, CHy),

LG he POd hioRa e P o (i, 2D 530S G
CH%N%%% 322 )Taﬂﬁ?ﬁ §6WDMS(? -de, rt) 313.89 (CH;)
14.08R2 x CH;)COY8158K(E6KY), 22108 (CHBY 26126 (CH@) 2i7ﬂ9@c12IEH?,GWE14 (CH;)

54.53 (2 x NCHy), 59.75 (2 x OCHy). 170.76 (-C=0). Anal. Calc. For C14H27NO4 (in %) C
61.51, H 9.96, N 5.12. Found C 61.36, H 10.16, N 4.95. +CI MS: (m/z): 274 ((MH']).

Synthesis of N.N-diethylacetate-N-isopropylamine (1b).

An analogous procedure was used to that described for 1a using isopropylamine (3.99 g,
67.5 mmol), K,CO; (9.33 g, 67.5 mmol) and ethyl bromoacetate (22.59 g, 135 mmol). B.p.
110 °C, 0.05 mmHg. Yield 14.55 g (93 %). "H NMR (250.13 MHz, DMSO-dg, r.t.) § 0.94
(d, 6H, J* =7.4Hz, CH;), 1.16 (t, 6H, CH,CHz), 2.98 (b, J* = 6.6 Hz, 1H, (CH3),CH), 3.42
(s, 4H, CHy), 4.04 (quartet, 4H, -CH3CH,). *C NMR (100.6 MHz, DMSO-ds, rt) § 14.03
(CH(CHs)y), 19.68 (CH,CHj3), 51.95 (CH3),CH), 52.00 (CH3CHy), 59.73 (CH3CHz). Anal.
Calc. for C;1Hp;NOy (in %) C 57.12,H 9.15, N 6.06. Found C 57.03, H 9.20, N 5.94. +CI
MS: (m/z): 232 ([MH]).

Synthesis of N,N-diethylacetate-N-cyclohexylamine (1c¢).

An analogous procedure was used to that described for 1a using cyclohexylamine (6.70 g,
67.5 mmol), K,COs3 (9.33 g, 67.5 mmol) and ethyl bromoacetate (22.59 g, 135 mmol). B.p.
100 °C/0.05 mmHg. Yield 15 g (82 %). 'H NMR (250.13 MHz, DMSO-dg, r.t.), 5 1.02 —
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WO 2007/ 015074 PCT/ GB2006/ 002832 33 Synthesis of N

N-di et hyl acet at e- N-hexylam ne (1 a). This conpound was
wapwhersed via slight nodification of a |itepPel/GBe006/002832

procedure'. N hexylam ne {47.66 g, 75.7 mmol) and

K2C03 (10.46 g, 75.7 mmol) were conbi ned and cool ed

to -20 C. 5 Under vigorous stirring, two equival ents

of ethyl bronpacetate (25.23 g, 151 mml) were slowy

11RHCR L Oub e -Bre). 1TSS, WP (stbld 4.0 8y CR),G 65 -

| h or unt ther I on" of
1.79bmseadvdr 4H] CyheHs) a7 (4, AHe 6H;6 Ha) 464 (qb‘&tIJCHzCHD ©C NMR

0F B SR TSNP EE SBYB kRl GRS ap 5206
(!(‘I:gz 92%69@'@&2‘{1% zllz;tg(t ; A%hT 2G njge{%r lm gﬂb’% etd1ey7, o

CtS co vent

0.29@% 511 6nBooed @ 61.86 1985, N 260.a-GIAVE: @m’lz) @0(/2 GINTH]'B. p.
115 C/0.05 nmHg. Yield 20 g (97.5 % 'H NVR ( 400. 13
MHz, DMBO-d6, r.t.) 6 0.84 (t, 3H, CH3), 1.04 (t, 2H,

Syn%)s of Ni,NJcﬁet(l&lacéE{e Hgdiyladind g1loroad m  6H, CHZ)
roa S, 4H, 2 x CH2),

An @nglagcmuxowm;mms wspdlo thaete,swmd(fqom @lmbubmmné@ 3 g, 45
14, 5 o
mingb; KRCRaES - we qhineligiia ¥t Gisthaapiib (5 g dth B p- 100 °c/
0. oélﬁmﬁég 5§e1(d2) %(W)IH ﬁmﬁ%zi(o?mN@EH@Mséms 76, 3,(8 @ﬂaﬁ%s 3H,
CHBCIHB) leﬂ(ro,cﬁH‘;CHiZ@HS) HrIZBC(m.LGH RIX4CHB) 2é@|(’t IQSI, Qfﬁr’zl(ﬂ)l?l), 3.45 (s,

4 ) e hetiz EHICRE) ST MR I CRPOD: 1) 8 1481 (CHO)
21 ﬂn@m09@9@gpy§ﬂ %%Ve?ﬁzgss%%i m@ﬁ%aﬂ%gqcm?wb% (=),

ng ‘f sopr ['am ne
And19C48. fgy CoH,BNOwih o)t 8 §6hHl19.45y, dhip At dicaind G\ 2&7@5@{@ 45, N 5.56.

+cﬂ)y@ P 6?5\@51]]}3%%_@“ gngngtYl ?lg 5o g(}d,(ggH,

= 7.4 Hz, CH3), 1.16 (t, 6H, CH2CH3), 2.98 (h, J3 =
66Hzf 1H, CI—B)ZCH) 3,42 (s, 4H C®), 4.04

o ook T P e Bl oo

(4. ﬁaé ®7. 6f rﬁmoﬁ};lmzzw@ 3@Ig1 6‘7@5 rﬁin5I§ aila ethiyll Brohfoactae.(0B.59 g, 135
und C 57. 1 Nl\slm zg N?
mnap@)wa]m)lzo gg,/nQ b5 Erafla Yield T5.60 & (829). 11T NMR (330.15 Mz, DMSO-

a6.5iah B o0 FETETIN, LUB R VSED 15 60 ity 43 quaret
4H, E@Hmmyqbeb@xm @loo BevIii8, BMSH-d6,30t.$F 13. 96T(UH)2C @7819

) and ethyl bronpacet ate

(BBt 70 (&1, 54 040005 I CRAGH 182,45 (0pghnl. Cale
for CoAYRNOAUY AP M5, 6 485 71 %odnd 6 54:992H 9.47, N 5.57. +CI MS:
(m/z): 246 ([MH]+).

Synthesis of N, N-diethylacetate-N-(2-methoxy)ethylamine (11).

1f was synthesised according to the published procedure’. B.p. 110 °C/0.05 mmHg. Yield
31 g (95 %). '"H NMR (400.13 MHz, DMSO-dg, r.t.), § 1.17 (t , 6H, CH,CHz), 2.81 (t, 2H,
NCH,), 3.17 (s, 3H, OCH,), 3.38 (t, 2H, OCH>), 3.52 (s, 4H, NCH,), 4.04 (d, 4H,
CH;CH,). *C NMR (100.6 MHz, DMSO-dg, r.t.) § 13.99 (CH,CHj), 52.82 (NCHy), 55.13
(NCHy), 57.81 (OCHy,), 59.70 (CH;CH,), 71.14 (OCH>), 170.77 (C=O0). Anal. Calc. for
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WD 2007/ 015074 PCT/ GB2006/ 002832 34 1.11 (m J = 8

Hz, 6H Cyh-CH2), 1.15 (t, 3H, CH3), 1.51 (broad d,
wakho7@e7LH), 1.65- 1.75 (broad dd, 4H, Cyh- CHXQT/GB26¢b6/002832

(s, 4H, CH3CH2), 4.04 (q, éls—l CH3CH2). 13C NWR (100.6

MHz, DMSO-d6, r.t.) 6 13.87°(CH3), 25.09 (CH2), 25.48

(CH), 30.16 (CH2), 52.06 (NCH2), 59.56 (CH3CH2),

171.48 (C=0). Anal. Cale. for CL4H25NO4 (in %9 C

Codgd0s GRpRyE 330 B 30 BR T Coagiun B R sy vis:
(mM)dl48t(fiylEgtet at e- N-but yl ami ne (1 d). An anal ogous
procedure was used to that described for |la using
n-butyl amne (3.3 g, 45 mmol), K2C03 (15.5. g, 112
mol ). B.p. 100
Iz, SLLTI iﬁ@%@@@%&s—r\m (250. 13
mututemmvﬂs ,connpoﬂmd)s wefbe E)yrﬁlzﬂes(ssd b$ bbndélﬂﬁﬁtd&)qf phedefediamine

Wltggg@%%%e 13 nggm(sgtlc a(chcpp )noé@cgg? e(s&er (§ﬂq b%éqg@%}“able 2). Both

ro%@s@fﬂmd(tﬁ@ c&r%m&ﬁ%ﬁ@ﬁA éom Q_}Szodnd@ 1&@1@@1’[&1@1 ?eidsl 2 é : 41

Wl(e@mg conﬂmsason 4r®-eb)es an Anaiodlacailceamd Gz fHZHhG N@4ti¢n is igried out

umgg gfélyl %%g 9 45 so?l‘fﬁn%) n'cggl::tga%g [%mcl:ﬁle%)%atzo é)lt:| QM q_c)et1c esters
wuhwhemaiealmnéﬂpf@meé@sdwdn@m& A RalMidallf tpuly %Mbﬁf@d%@hds of BIMA
(I'e).. An anal ogous procedure was used to that

corgpaiEs.Pad2l. gyere gbiainen gltersiepryselisation frgmanethenolwates g,
67.6 mmol), K2C03 (9.34 g, 67.6 mmoly and et hyl
state (22.59 g, 135 20 mmol)|. B.p. 120

CI—|2C:I—|6N 345(s 4H CH2) 4.03 (gyam
CH3CH2) 13C NWR (100.6 MHz, DMSO-d rot. K 8 18, 96
(CH2CH3), 27.19 (C(CH3)3), 50.70 (CH2), 54.40
(C(CH3)3), 59.62 (CH3CH2), 172.13 (C=O . Anal. Cale.
for CL12H23N0O4 (in 9% C 58.75, H9.45 N 5.71. Found C
58.94, H 9.47,| N5.57. +Cl1Mj.o 25 (M z): 246 ([ M +).
Synt hesi s of NN-di et hyl acet at e- N—(2 nmet hoxy) et hyl am ne
(1f). i f was 3y, el acceprding to he publ i shed
procedure'. B. pc&lﬁ%d%) 05 l?rlm—lg Yi el 31|g (95 9.
"H NMR (400. 13 VFz, DVBD-d6, (. . )], 8 g¢ 17 (t, 6H,
CH2CH3), 2.81|(t, 2H INCH?), 3.17 (s. 3H, ©OCH3), 3.38
(t, 2H, OCH2), 3. 52)(3, 4H, MICH2) ,| 4. H4° (d, |[4H, 30
CH3CH2) . 13C NWR{10061MH=—PMsO+d6+—fF—t——6 13.99
(CH2CHB), 52, 82 (ME) , | 55CHRIPENGR)  H57. 81 (ocHR)
59.70 (CHBCHZ), 7Thgld (PCHZ)g, 17077 ({907 |Anal .
Cale. for

05

2e Hexyl -CH,CHj;
2f Pr -CH,CHj
2g Cyclohexyl | -CH,CHj
2h Phenyl H*

Synthesis of N,N-bis(1H-benzimidazol-2-ylmethyl)-N-amine (2a)

“0-Phenylenediamine (24.36 g, 225.56 mmol) and iminodiacetic acid (15 g, 112.78 mmol)

were stirred in ethyleneglycol (20 ml) at 190 °C for 4 hours. The water by-product was

distilled from the reaction mixture which was then allowed to cool to room temperature.



10

15

20

25

30

WD 2007/ 015074 PCT/ GB2006/ 002832 35 C1l1H2INGG (in %

C 53.43, H8.56, N5.66. Found C 53.33, H 8.54, N
Wo286/0158¢t MS5: (nmfe): 248 ([VH +). Exanpl e 2.PCT/GB2006/002832

Synt hesi s of N-substituted Bl VA compounds. 5

N- substituted BI MA conpoungs wer e synt hesi sed by

condensati on of phenyl enedianmine wth either the

i m nodi acetic acid or the i mnodiacetic ester (see

The E}o(a‘ﬁ’cﬁgg Iﬁggtgil ﬁ&th v@ﬁEPGZ ?,ﬁ‘ﬁte@df R ?1%‘?1 \*fllﬁlewater &%X 20 ml),

rres on Uant it ative yIe

rechﬁalhhieﬁé‘roCtm hdt&nsthhmalmatm(@l%? Sndifinalm drixdi 28 66 °C Gindéd vheuum for
eactipn is carried out using ethylene

tw‘é F%fb’é;‘fﬁ 2% 1 § 8l (% io): “H AMB 2305} MHs RIS A it ons2. 89 (% RE,

N ASSLSCCAY 91301 POSC B S e B0CE A -

3. 3B|HdA4Hg:Ame d%chMmqsm MME M0t &), nEYs af t7@ T(NCHZ) 126 55 (A1C)
recr stal |'isation from methanol / wat er .

AyatrSalgfer C7HomNs in 20) GBI, B 51831, No?ﬁa%ﬁ@umc 70.22,

Hﬁ% e Zﬁ&&ﬁ%@zb‘ﬁ/%274@élﬁ"’%3p&3 52&& " aeas’

2h Phenyl H' 25 Synt heS|s
H-

2b 'V\Ws E‘ﬁﬁh@s?sgﬁ 'b? aﬁ%hgloéaés &oce]dﬁl?e' tzghmgc)nbed for 2a using o-
phenylenediamine (5.88 g, 54.40 mmol) and methyliminodiacetic acid (4.00 g, 27.2 mmol)
in ethyleneglycol (20 ml). Yield 6.88 g (87%). '"H NMR (250.13 MHz, CD5;0D, r.t.), §
2.29 (s, 3H, NCH),.3.92 (s, 4H, N(CH),), 7.19-7.23 (m, J* = 3.35 Hz, 4H, AtH), 7.52 —
7.56 (m, /* = 3.35 Hz, 4H, ArH). *C NMR (62.9 MHz, DMSO-dg, r.t.) 8 47.31 (CHy),
59.97 (NCH,), 126.66 (ArC), 157.45 (ArCq). Anal. Calc. for C17H7Ns (in %) C 70.10, H
5.84,N 24.05. Found C 70.22, H 6.05, N 23.76. +CI MS: (m/z): 292 ([MH']).

Synthesis of N,N-bis(1-H-benzimidazol-2-ylmethyl)-N-(3 -phenyl)propylamine (2c).

2c¢ was synthesised by an analogous procedure to that described for 2a using o-
phenylenediamine (4.32 g, 40 mmol) and N-(3-phenyl)propyliminodiacetic acid (5 g, 20
mmol) in ethyleneglycol (10 ml) at 190 °C. Yield 6.9 g (84 %). 'H NMR (400.13 MHz,
CD;0D, r.t.), & 1.74 (quintet, 2H, CH), 2.45 (m, 4H, CH,), 3.95 (s, 4H, NCH)), 6.88 (d,
2H, ArH), 6.94 - 6.95 (dd, 3H, ArH), 7.21 (m, 4H, AtH), 7.56 (m, 4H, ArH), 12.33 (broad
s, 1.5H, NH). *C NMR (100.6 MHz, MeOH-d,, r.t.), 8 29.49 (CHy), 34.04 (CH,), 53.95 (2
x NCH;) 55.13 (NCHy), 115.47 (broad, ArC), 123.59 (ArC), 126.58 (ArC), 129.09 (ArC),
129.24 (ArC), 142.95 (ArCq), 154.22 (ArCq from imidazole ring). Anal. Calc. for
CasHasNs (in %) C 75.54, H 6.85, N 17.62. Found C 75.88, H 6.55, N 17.65. +CI MS:
(m/z): 396 (MH']), 280 ([M-CH,Ph] ).

N-(3-phenyl)propyliminodiacetic acid was synthesised by reacting potassium chloroacetate
(14.05 g, 106 mmol) and N-propylphenylamine (7.13 g, 53 mmol), according to a literature
procedure used for related diacetic acids.” Yield 8.02 g (60 %). '"H NMR (250.13 MHz,
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were stirred in ethyleneglycol (20 mM) at 190 C for 4
hours. The water by-product was distilled fromthe

w0 e@ahidM m xture which was then all owed to coPtT/GB2006/002832
roomtenperature. WO 2007/4915074 PCT/ GB2006/ 002832 36
The product was triturated with water (120 nml),
filtered, washed with water (4 x 20 m),
recryst allised fromhot nethanol-water (1:30) and

DM bn ! Hz’)ﬁ'i gggqn?g el %}9 cﬁﬁez 5y 525'%”21% PLC A0, 9'%%82}1 NCH,),
3. 45(st 41)1 2 531\2:}229 1.85-73, (m, NEHAYH). 33c9m (62PMHE BRISE)-dg, 1t) 8
34, (5(CELS, 35 76PN 8 TR SO (I hiia0. 53 e e 52
(arlay g1 1By LM BORE P ey s R )

24.05. Found C 70.22, H 6.05, N 23.76. +Cl M5 (mz):
. Synt he |s gf

re (2b).

o TR, s e
phegylefoligfinathil) g3 4retin) amd bepdylimsbilincetis abid ¢@. M0g.dl1.17

55 sl G SR R30S0 i,
DM% gﬁggs% &4%4?04 E&’SC#%E'Q d’%@lﬁ%&c@ 19977 %(&V@ila%ﬁlg-and broad

m, 1%1-!25%&1193?3@%6(2 o? ggﬁﬂz, MbBH—dtbr t.J,. as;;zzsmamz BHEH,),
10263 @rch, dﬂ%@mi% 3357 s CTin 3t oAih 16455 ik (arco)
143 Wf@ es‘@ Q?Il\/ﬂ‘. G2Y 867 {RmMg: (' 2): 292

NN- bi s( I - H- ben2| m dazol - 2-yl neLhyl ) - N- (3- pheLayl )| )rop
Synyiieaisiofi N, Nty (1 H-dmzinsidazn} 12 Yipwily@dNhexglhamana(2ey ous

2e #255(5 uﬂé @é@%fa{ofg%@%&g%e%ge mlaf de%ﬁrgbe% fr %Q using o-
phehyleRedpdipmy |18 PPyl 158 madi)a6e Bi(21 ac7 PmahlpwitBéut effiidneglycol.
in ethyl enegl ycol (10 m) at 190 T. Yield 6.9

84
Yietd 21.9 ki (RIR)( SDMR (334213 OISQ-ds, Ht,), 8 0172141, % , CH3), 1.01 -

G Bl B b e B -

4 HZ zﬁi Am) 1k kéb&NaNsRm ]fgg’f}-%mrlﬁﬂ2 b O@roacﬂ-% 238 sz)" 63®INMSR (100.6

MHzaaMSommz) S(16+8%) (CHi3, 28503 (CI35, %maz;cs—fa) :33 oer@@) Hise

NEE)03 S, o R s Gty PG, 1499

(Ar(cé})" @%zfm %@@1 A@ap t:alcr fdmzzHﬁNetm oGpC 3. 100H 7.8 NH2SB8B. Found

ound C 75.88, H
C 76 955H AN B4 #@I M@* (m/@hﬁ@ ([MEG])( [ MH+]), 280
([ M CH2Ph] +). N-(3-phenyl) propyl i m nodi acetic acid was

Sm‘ct’ﬁ/egfsQ)?ﬂﬁgtqs(*fﬁ-ﬂe%@ﬁﬁiidgg)l&gﬂﬁi%ﬁ{m%&E)%Qﬁhﬁﬁﬂ.

2f was synthesised by an analogous procedure to that described for 2a using o-
phenylenediamine (17.61 g, 163 mmol) and 1f (18.8 g, 81 mmol). Yield 17.8 g (69 %). 'H
NMR (250.13 MHz, DMSO-dg, 1.t.), 8 1.04 (s, 3H, CH(CHz),), 1.06 (s, 3H, CH(CH3)2),
2.88 (sept, /' = 6.41 Hz, 1H, CH(CHjs),), 3.92 (s, 4H, (CH2)N), 7.14 (m, 4H, J=4Hz,
AtrH), 7.53 (m, 4H, J* = 4 Hz, ArH), 12.29 (Broad s, 1.5H, NH). BCNMR (100.6 MHz,
DMSO-dg, 1.t.), 8 17.79 (CH;3), 48.37 (NCHy), 50.62 (NCH), 114.75 (ArC), 121.44 (ArC),
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30 (14.05 g, 106 mml) and N-propyl phenylam ne (7.13
g, 53 mmol ), according to a literature procedure used

wo eoo70ed0ad ed di acetic acids.2 Yield 8.02 g (60P4/GBL46/002832
NVR (250.13 MHz, WO 2007/0%3074 PCT/ GB2006/ 002832 37

. DVBO-d6, r.t.) 8169(qU|ntet 2H, CH2), 2.57 (t, 2H,

2H, PhCH2) 2.70 (t, 2H, NCH2), 3.45 (s, 4H 2 x
7.15-7.29 (m 5H, ArH). 13C NMR (62.9 Mz,

RN, L R 0 TR Bl H g v
Folut7C 76 . 50AHGE38, NL27.980+CIQVS) @h/z):820 (MBH ) e) : 252
([vQ). 53}/nthe5|s of NN-bIS(l _

2¢ ebas @yntm@heﬂ @ly aﬁ&nhﬂ%g@@ ﬁocdﬂh%'tﬁd%%l@éc@fﬂe& ?01(2% Lﬂ;ilnggo

d benzyl ininodiacetic acid

phleppiams 611166 aatlﬁwmgmbg G5 5o o oI 106 ESS %)

oo B, R 2% 5 e GO 0.t i e

10 GDWJfR%ﬁ_’EZ&%OI@é?@l)bB qag 1M, I\ﬂ(?fh‘} 4@1*& 4}11}@‘61%(\1R7(1%Q&>ua§tet 4H, Iy
H=F0Ez.0a A7 & (querst, QH, (]H\H 6)4 H&aﬂerm? *CAVIR (1083.d81z, DMSO-ds,

rtﬁ@?%(ﬁ%liéc%§44 (i T S s el o,

121\14(N(ch9§ oy @35‘()@140)1 ﬁsam (A%Cg ). yAvel e, f&k@ﬁ%@ﬁrﬂ@ N 7351 H

S 2e was nt hesi se an anal ogous™ procedu
7.0 :()Ntlﬁé1l8 Hesnd € E{a 6f Hr7. a NuES. 6@ 621 MBeyr360i(BTD.
(16.34 g, 1154 mmol) and 3 (21 g, 77 mol) wit hout

&%ﬁ%%%@? -beX&ﬂlga%f‘Z%,l%; zlé 74

2k (/s %ﬁﬁhéﬁse@ B‘y a%ilogéus‘b?oéeayferﬂ) ?liat ﬂ%@n&%@'&rﬁ%sﬁ% %%2 6-

plpem;dlgqucg%)wgla& (1.4 6.2¢ ol Nehd29 pliddybemddiami@H(1. M), 13 XA Yield
19 g@g% 20 Mz, DMBO-d6, r.t.) 8 13.87 (CH3), 22.02 |
? 26.27 (2 x CH2), 31.04 (CH2), 51.18 (2 X

Pro?@’ﬂ%?ga?%g@%w%&%@MR %5"01%91\/1{(}6! %\S’ISé]t%ZIE 5 AJ ggi%qll’ﬁi](m 3H, -

CHARA01-2.081(m, ZHQCH)QAP. HRAIB ((d, V106 T, yg-lwg HE32HNCH), 7.11-

7235 Fi K7 5 486 2B, P NIR (826 M, DMSO-aL T, 098 23.87
oIl d gt ) LN ESRLBPARE 1
121&5 (m@ ldés&éerAbé'qi) #61 MBS (msd)ngyl &)(-[Nhﬂﬂﬁ)( R (KB, am b?u 3394 (NH,

), 1&%3%16‘3" %%Xf lggﬂg%ﬁa ?2@0 ST F8$1-)t95 1%65@%&“ -H, ﬁ):P 1252 (CN,

), 517@4(((14;3)% CH(CH3)2), 1.06 (s, 3H, CH(CH3)2),

Dimethyl cis-2,6-piperidinedicarboxilate was obtained by catalytic hydrogenation using

Pd/C following a literature procedure.’

Example 3. Synthesis of neutral complexes of Cr(III) bearing a BIMA ligand.

CrCl3(THF); was reacted with the corresponding N-substituted BIMA in THF to afford
3a—3k (see below and Table 3) as green compounds in high yield (ca. 75 -95%).



2.88 (sept, f =6.41 Hz, 1H, CH(CH3)2), 3.92 (s, 4H,
(CH2)N), 7.14 (m 4H, J3 =4 Hz, An]), 7.53 (m 4H,

wa doxodsoHe, ArH), 12.29 (Broad s, 1.5H, NH). 18C/EBR06/002832
(100.6 Mz, 30 DMSO-d6, rah.), 8 17.79 (CH3), 48.37
(NCH2), 50.62 (NCH), 114.73 (ArQ), 121.44 (ArQ, WO
2007/ 015074 PCT/ GB2006/ 002832 38 168.63 (ArCq),
153.96 (ArCg). Anal. Calc. for CI9H2IN5 (in % C
71.45, H6.63, N 21.93. Found C 71.59, H 6.48, N
21.90. +C Ms: (mlz): 320 ([ MH]). Synthesis
of N, N- bi s(1H benzi m dazol - 2- | et hyl)
N-cycl ohehyl anmine (2g). 2c was synthesised by an
anal ogous procedure to that described for 2a using o 5
phenyl enedi am ne (11.66 g, 108 mmol) and 1g (14.85 g,
54 mmol ). Yield 17.06 g (88 % . 'H NWVR (400.13 Mz,
DMSO-d6, r.t.), S [T 03 - 11_[‘51%3(0\/(5”3 pi ng and broad
signals, EH= 10 H CH2 A cycl ohexyl), 3.46 (s, 1
H NCH), 4.01 (s, gH_NCHZ T 713 (quartet, 4H JH_
H= 4 Hz, ArH), 7. 545'?‘8383‘11%1, AR JH HE 4 Hz, ArH).
13C NWR (100. 6 MHz;7—DBDMBSO-d6 r—4)—5125. 11( CH2) ,
25.44 (CH2), 25.59 ( , 28. 22(%H2), 48.98 (NCH2),
52.27(NCH), 10 121.40 fArC)| 12MO5 (ArC), 154.34
(ArCg). Anal. Calg._for C22H?5NS (in % C 73.51, H
7.01, N 19.48. Foynd G3.56, -(Hz):PR, N 19.56. +C Ms:
(mz): 360 ([ MH])—Synthestsof
Ci s-2-[6-(1H benzijm dazol - 2 vl)p?fnperi di n-2-yl]-1H benz
i mdazole (2k). Zk wase synfhegiged by an anal ogous
procedure to that [described|for 23 usilng cis-2, 6-
pi peri di nedi carboxi |l at¥ (1.4 g, B 97 nmml) and

0- phenyl enedi am ne<{t+3+6 3394 —-——¥held 15
1.92g(87% . Produdt chdaract L Gelghiexil | 1 NMR (250. 13
MHz, DVMBO-d6, r. t[.), 4 1.6 -1pﬁéh{qu 3H, - CH),
2.01-2.10 (m 3H [CH), 4.1314.28 (dd, |Jea | 1.16 Hz,
J,,,=10.98 Hz, 2H, d]), 7.11- 7.22 (m 4H, ArCH),
7.51 (In, 4H ArCH. 13C NWR (62.9 Mz, DVSO d6, r.
t.) S 23.87 (CH2), 31.07 (CH2), 31.42 (CH2), 54.97

(CH), 160.90 (ArC), 118.69 (ArC), 121.31 (Arc), 20
21.,86 (|Akk), 155.84 (ArCg). +Cl : (f 2): §18
IR (KBr, cml o3 S 305
, ,w(cn@mmm. Ui / n),xg/a\igo
(N-Hr s)], u 1272 (CN, s), 6 ~S).—Di medNFy

(
ci s-2, 6-pi peridi nedi carboxil ate vvascpb’f,éi\ﬂ@ld by
catal ytic hydrogenation using Pd/C foldow ng_a
literature procedure.3 25 Exanple 3. Synthesi & of
neutral conplexes of Cr(l111) bearing a BIMA |igand.
CrC13(THF) 3 was reacted wth the correspondi ng

I\Esubstitut,ed B{)MA,i.n THE to afford )
Synthesis of N.N-bis(1H-benzimidazol-2-ylmethyamine chromium (III) chloride (3a).

Equimolar quantities of 2a (1 g, 3.61 mmol) and CrCl3(THF); (1.35 g, 3.61 mmol) were
stirred in 20 ml of THF for 12 hours. The product was filtered, washed twice with THF (2
x 20 ml), once with diethyl ether (20 ml) and dried under vacuum. Yield 1.49 g, 95%.
Anal. Cale. for C;6H;5CI;CrN; (in %): C 44.11, H 3.47, N 16.07. Found C 44.25,H 3.74, N
15.84. IR (KBr, cm™), v 3202 (NH, s), v 3120-3110 (Ar-H, s), v 1622-1544 (ArC=C, C=N,
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3a- 3k (see below and Table 3) as green conpounds in
high yield (ca. 75 -95% . WD 2007/015074
wEFan/eBEde06/ 002832 39 Table 3 Conmpound R1  3BCHIGB3M6/002832
Me , 3c -(CH2)3Ph 3d Bn 43e Hexyl 3f "Pr 3g
Cycl ohexyl 3h Phenyl NNR Ni N CCN + CrCL3(THF)3
THE NNV A - H2\CO/ / Al \Cl1 3 O Synthesis of
N, N- bi s(| H benzi mi dazol -2-yl neth |)am ne chrom um

) : i .
i3 1107087l ), EO 4, SRV O R s )
Amgfting (eaek/do RO1 ndm OF=4PRIE 13 8) 6352(%%;2@23 '(s}?gﬁdrﬁg{' edudE-ME$m/z): 399
[ t wi i THE X , once
([%'ijﬁg?ﬁws'gt%ﬂgrw{f(%m M%nd dried under vacuum
Yield 1.49 g, 95% Anal. Calc. for CL6H15CL3CrN5 (in

Syfithesi€od.N-bis( HbefAmiddz62 JTmethoD M nfetitAame chirodnififl (1Y)
15.84. IR (KBr, cm1l),,u 3202 (NH, s), ,u 3120-3110

chlopde (3b)s) o 1622-1544 (ArC=C, C=N, 10 WO
2007/ 015074 PCT/ GB2006/ 002832 40 M), S 1497, 1477,
3b s synthesigeddyy, an apalpgdes grodedusd to thatzédcr{bet fos3a udibe Wb 8 g, 6.87

e LN T TN B RN e
Ci7H17ClCr Ns (in %): C 45.40, H 3.81, N 15.57. Found C 45.35, H 3.76, N 15.66. IR
(KBr, cm™), v 3221 (NH, 5), v 1622-1544 (ArC=C, C=N, m), § 1455, 1477, 1497 (N-H, s),
v 1274 (CN, s), 8 753 (CH, 5).UV-VIS (DMF, 298 K): Angx/nmn (gmax/dm’ mol™ em™) = 464
(156), 659 (75), 723 (shoulder). +FAB-MS: (m/z): 413 (M - CI]*), 291([M - CrCL]). pregs:=
3.60 MB

Synthesis of N.N-bis(1H-benzimidazol-2-ylmethyl)-N-( 3-phenyl)propylamine chromium
(II1) chloride (3¢). ‘

3c was synthesised by an analogous procedure to that described for 3a using 2¢ (1 g, 2.53
mmol) and CrCl3(THF); (0.95 g, 2.53 mmol). Yield 1.00 g (71%). Anal. Calc. for
CasHasCI3CrN;s (in %): C 54.21, H 4.55, N 12.64 %. Found C 54.32, H 4.79, N 12.50. IR
(KBr, cm™), v 3231 (NH, ), v 1622 (ArC=C, C=N, m), § 1454, 1477, 1498 (N-H, s, m), v
1274 (CN, m), 8 752 (CH, s). +FAB-MS: (m/z): 517 (IM-CI"), 482 (IM-2CIT. ptegr=3.87
MB.

Synthesis of N.N-bis( 1H-benzimidazol-2-vlmethvl)—N-benzvlamine chromium (1II)
chloride (3d).

3d was synthesised by an analogous procedure to that described for 3a using 2d (0.63 g,
1.73 mmol) and CrCl3(THF); (0.65 g, 1.73 mmol). Yield 0.79 g (88%). Anal. Calc. for
Ca3Hp1Cl3CrN;s (in %): C 52.54, H 4.03, N 13.32. Found C 52.43, H 4.03, N 13.23. IR
(KBr, cm'l), v 3255 (NH, s), v 1617-1550 (ArC=C, C=N, m), § 1454, 1477, 1496 (N-H, s,
m), v 1276 (CN, s), 8 749 (CH, 5). UV-VIS (DMF, 298 K): Amge/nm (Emax/dm’ mol” cm™)
=462 (162), 665 (75), 726 (shoulder). +FAB-MS: (m/z): 489 ([M - CIJH), 454 (IM - 2C1)),
. Upetr=4.00 MB.
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([M- Cl1]1+), 363 ([M- 2C1]). ,ueff.=3.77 MB
Synt hesi s of
WORN7To1®(LH benzi m dazol - 2-yl net hyl ) - N- met hy| aP@T/€B2006/002832
chromum (I'1l) 5 chloridei(3b). 3b was synt hesi sed by
an anal ogous procedure to that described for 3a using
2b (2 g, 6.87 mmol) and CrC13(THF) 3 (2.57 g, 6.87
nmmol). Yield 2.87 g (93 %9. Anal. Cale. for
SVH%ZIEIO?Q ﬁ@is{ R\ﬁ t{e'naln?ﬁlazo@Zﬂﬁmé@lvl)bN %eﬁﬂamﬂlelﬁlr&ﬁmnfgm dhloride
C 45, . I5:66. TR (KBr, cm1), u 3221 (NH,
(Beks), v 1622 1544 (ArC=C, C=N, m, 6 1455, 1477, 1497
(NH s), 10 u 1274 (CN, s), 6 753 (CH, s).UV-VIS
3b yRMyntiR8BeKpy aRrmmxlogouy proeeduder® thet ddscihed for 3a6using 2e (1 g, 2.8

mm%f}f,fnzd érﬁ ?i)({"lzlgglé ﬁ; éCE 1'13{1(:111)%1 Ugﬁ-qﬁ@ Bl yg %gbﬁéz)Aneﬁ %alc for

cn%/,mﬁ%ﬁ ?rp‘%) C 50.83, H 5.24, N 13.47. Found C 51.05, H 5.30, N 13 38. IR
H bénzi m dazol - 2-yl net hy %&heni ’)7p fly
(KBandonid), o562 1)) V1621 IS B KAt &iN "1 6ol (N-H, 5),

o NIRRT s (G S RABIAST o 5UYE- Bk 73k iy - 2cm
CrC13(THF)3 (0.95 g, 2.53 nmoi). Yield 1. oo g (71%.

Synéiesis of SalNebis(fl HebenedbitiRa(>-2 3T y{)i N-i8Gprofyl&ding khrdthium(I1T)
4,55 N 12.64 % Found C 54.32, H 4.79, N 12.50. IR

chlorde3fem 1), 0 3231 (NH, s), v 1622 (ArC=C, C—N m S
1454, 1477, 1498 (N-H, s, @2{) u 1274 (CN, m,

3f W@Hyn&l)eswesrmsawsnalemqs)pro wre(t[omh@ qlqscnb@gfoqr FMLE@E] M)(O 432 g,

53550 B TS R Yl A2 i o ol

C1oACHTONN(l 94)) C £NTTIH digd3( 34:014 68dFwmsl stym @Esmsqesis tN 14.46. IR
an anal o us rocedure to that described f

KBy B, 63997 (VEL 75 om0y SAAGAC TE S TRERS, § B1ES 14751499 (N-H,

i @%@%éﬁg@ 7 Gy o i g . 5

(shoBlde?). 45 ABAMS: C(ih/z)\l4313 (BE-CII'R 40B(M-2a1]1,) 320v([BRESCK NHetr.= 3.46.
s), ,0 1617-1550 (ArC=C, C=N. nj), 8 1454, 1477, 1496
MBINH s, nm), v 1276 (ON, s), 6 749 (CH, s). W-VIS
(DMF, 298 K): ,max/m (emax/dnB nol'1 cnl') = 462
s,vn(hl%ﬁa)ofIéiajﬁ%lidggzen&%ﬁdéfdm%ﬂ%)@NFc@oN& 1£1ﬁ1né)chro41§8m (1)
Mﬂaﬁg)_wom PCT/ GB2006/ 002832 41 Synt hesi s of N
N- bi s( 1H benzi m dazol - 2- yl net hyl ) - N- hexyl am ne
3g wdsrsynmthesisdd by ax hhalogals pr&edure to that described for 3a using 2g (1 g, 2.79

mmol) and CrCl3(THF); (1.04 g, 2.79 mmol). Yield 1.07 g (74%). Anal. Calc. for
C22Hy5C13CrNs (in %): C 51.03, H 4.87, N 13.52. Found C 50.93, H 4.71, N 13.64. IR
(KBr, cm™), v 3225 (NH, s), v 1623-1540 (ArC=C, C=N, m), & 1455, 1478, 1496 (N-H, s,

m), v 1276 (CN, m), § 750 (CH, s). UV-VIS (DMF, 298 K): Amax/nm (Emax/dm’ mol” em™)
" =459 (160), 704 (65), 733 (shoulder). +FAB-MS: (m/z): 481 ([M-CI]"), 446 ([M-2Cl]),

360 ([M-CrCl3]). pesr.= 3.88 MB.

Synthesis of N.N-bis(1H-benzimidazol-2-ylmethyl)-N-phenylamine chromium (III)
chloride (3h).

3h was synthesised by an analogous procedure to that described for 3a using N,N-bis(1H-
benzimidazol-2-ylmethyl)-N-phenylamine (0.20 g, 0.56 mmol) and CrCl3(THF); (0.21 g,




10

15

3b was synt hesi sed by an anal ogous procedure to that
described for 3a using 2e (1 g, 2.8 mmol) and

w@e@rB(sDAHF) 3 (1.05 g, 2.8 nmol). Yield 1.35 g, POB%B2006/002832
Anal . Calc. for 5 C22H27Gb3CrN5 (in %: C 50.83, H
5.24, N 13.47. Found C 51.05, H5.30, N 13.38. IR
(KBr, cm1),,0 3502 (NH, m, v1621-1527 (ArC=C, CN
m, S 1498, 1477 1431 (N-H, s), v 1273 (CN,

n,
0.5 @ﬂoﬁ)c@lgéﬁtzé LB ASankTtak: 1A BN @b %)44:851(@\/!}{ 374, N
13.49\Houad THs5baoz i 857Nl 1258 | iRe(KiBt, Jentl)i 90IRpPins)ne 1637-1540

(e B sholih 3ob Bk fush MR IO MERY 0. Uv-
v13§¢m1§4;9, OB Do ’@éj ggﬂﬁ' /@‘)7837AK§7§§H091&§)THF@ B F/g): 415 @M ci),

440CLRIAHRNT) BNEMECICI9R). 12393 MBH 4. 43, N 14.66. Found
C 47.87, H 4.35, N 14.46. IR (KBr cm1), v 3227 (NH
: : ] 455 1. 4

R S1S AL ! o111
chl&%313298 K) ~ T, ax/nm = 459 704, 731 15 (shoul der)
o (mz): 441([MCI]+) 406 ([Mm2C1]), 320
([MCrC131). ,ueff.= 3.46, MB Synthesis
of N, Nﬂbl s(1H benzﬁ'n dazol - 2-yl nmet hyl ) - N-cycl ohexyl am n

exCh um (1 hl oxi de (3g). 3g was synt hesi sed by

@ 0gO pro ed I@o that described for 3a using

2.79 RO and CrCL3(THF)3 (1.04 g, 2.79
mmI)Ngm /1/307N (74% . Anal. Calc. for

C22H25QL3CF N5~ ¢n % C 51.03, H4.87, N 13.52. Found
C 50.93, H M4 71, N 13.64. IR (KBr, cm1),,u 3225 (NH,
s) v 1623- C1540 (ArC=C, ON, m), 5 1455, 1478, 1496

3i Wwynt%gsg epé) ém ayna}(%;?ﬁgi &%%pﬁ?#ston%a? % éﬁﬂfdfﬁ) gvus\{ﬁgs,’z -[(1H-

berlzh zoﬂﬂﬂi feBxy )i SB qsllﬁpbé&ﬂhi)dazdiEQ@7 S2. s(mm)) andi8rCl;(THF)3
1G] +), 446 E % 25 360 glMCrC13 %fH
(0.3t 832. E/&lm&}nm E@gnlsofoTH Yleld 0.96 g, 85%. Anal. Calc. “for C16H14C13CrN,O

anShr kAT R TR B Pl i dadog eyl Ly o 0522
(Nﬁn@' P IR 1 UOERAHC G- tnibaﬁ 14%0:4540@@1-H @), SSM%(QH;Q). +FAB-MS:
H benzim dazol met h L]% N- phenyl am ne

1
(m/(zm@@(é/f 61156 3AndM - Hld) (0.21 g, WO
2007/ 015074 PCT/ GB2006/ 002832 42 0.56 mol). Yield

%Qf %@%b&%ﬁﬁﬁ@%ﬂ@-ﬂ%@ﬁm@wﬁ BB dabsle YhiontBum (I11)
chlorit.ie g?;j ). . ’

o~

\]/
|

. . . 4
3j was synthesised according to a literature procedure.

—
=t
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13.68. Found C 51.49, H 4.95, N 13.58. IR (KBr, cm1l),

u 3224 (NH, s), v 1637-1540 (ArC=C, C=N, n), 6 1454,
wa407/,0130488 (N-H, s, n), u 1275 (CN, s), 8 748r(THB2@)/002832

W- VIS (DVF, 298 K): ?,,,,0ax/nm = 484, 678,

707(shoul der). +FAB- MV5: mg’z) 475 ([MA]+), 5 440

([Mm2C1]+), 354([MCrCIS]+) Petr.= 3.95 MB.

Synthesis of 2 [(1H

Svnﬂ}enzb?]ligighpher&u L%V HTEL hﬂih— P8 RELAa%aL Qe chromium

o uirnr

(III)@ﬂl&;de@k) was synt hesi sed by an anal ogous procedure to
that described for 3a using 2-[(1H 10

benzi m dazol - 2- yl met hoxy) net hyl ] - 1H benzi m dazole (0.7

nd ﬁrClS(THF)S (0.94 g, 2.5 mol) in 20

85% Anal. Calc. for

C 44.01, H 3.23, N 12.83.

12.70. IR (KBr, cnl'), ,u 3232

A 74 A ATC=C, CN, m, 8 1477-1454 (N-H,

S) - +FAB-Ms: (mz): 400([M- d]+),

365([ ME Zdl]) 8]329 ([M- 30]). 15 Synt hesi s of] :
2[6(1H—b&12|mdazol 2-yl)pyridin-2 yI]-IH-benzim'daz
ole chromum (1I1 chloride (3i). HH

3k fvas-srthesGsed Hy manadngoap preesderprie h@udgafalb&écf@? aa N@lnge-l%(o 30 g,

o X T ATELY D PROSHGHSIT4, CH GROH9R REA2ue. o

clgmﬁgl@q{@rmmn%ﬁ) I@aﬂfﬁbﬁmmmm @@hﬂ@mww }([141113)1\1 14.62. +FAB-
C ori de

MS: (m/z): 439 S[M CIH, 403 ((M-2C11H), 368 (M-3C1]"). IR (KBr, cm™), v 3398 (NH,
s), v 3152, 3112 (Ar-H, s), v 1637-1540 (ArC=C, C=N, m), & 1454 (N-H, s), v 1278 (CN,

s), 5 749 (CH, s).

Example 4. Synthesis of cationic Cr(III) complexes

Compounds 4a-4f were synthesised by reacting equimolar quantities of the corresponding
neutral complexes (3a-3f) with AgSbFs (Scheme 4). This reaction proceeds with
precipitation of AgCl, which is readily separated by filtration.

The chromium (III) acac complexes Sa-5f were obtained by treatment of the corresponding
cationic THF-adduct complexes (4a-4f) with [Ag(acac)] (Scheme 4).

Synthesis of N.N-bis(1H-benzimidazol-2-ylmethyl)amine chromium (IIT) chloride

hexafluoroantimonate tetrahydrofuran adduct (4a).

Silver hexafluoroantimonate (0.24 g, 0.69 mmol) and complex 3a (0.3 g, 0.69 mmol) were
stirred in THF (20 ml) at room temperature overnight. The solution was filtered, the
solvent removed under reduced pressure, the product washed twice with diethyl ether (2 x
20 ml) and dried under vacuum. Yield 0.375 g, (77 %). Anal Cale. for CyoHpCLCr
FeNsOSb (in %): C 33.92, H 3.27, N 9.80. Found C 33.70, H 3.26, N 9.60. +FAB MS:
(m/z): 399 (M - THF]"), 363 (M — CLTHFT"), 281 ((M - Cx(THF)CL]"). -FAB-MS:
(m/z): 235. phetr.= 4.2 MB.
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NNN Ir Cl1~ ~C1 C1 3k was synthesised by an
anal ogous procedure to that described for 3a using 2k
W@ 2003015974 5 0. 95 mmol ) and C C13(THF) 3 (0. 38 gPCGB2006/002832
mol ). Yield 0.34 g (765%44 Anal . Cale. for
C19H19C13CrN6 (in %: C 47 97, H 4.03, N 14.72. Found
C 47.89, H4.13, N 14.62. +FAB- Ms: (nfz): 439
([MCI]), 403 ([M2C1]+) 368 ([M3Cl]+). IR (KBr,
. 39 1

R 4 11'176 ch3dmivin (T

chidilde }éxiﬂ&)r&)aﬁdmcﬁl)ate 4 Qalideototen adduc?o‘(m_m esi s of cati oni c
G (111) conplexes Conpounds 4a-4f were synthesi sed by

4b WeR flﬁsfé‘é&' b0 anfleadsi ploeedueé tb Nbatc degceibpdridi Ag us1ng silver
neut conpl éxes (3a-3f) with Ag SbF6 é?g m% Ai%mpg 1d 1.09
hexaﬂmarﬁnmwtﬂ:@e"é@ 2% mErabLans qom oh3 er2 le
R T Ry L
3.580N f%ﬂOQROtbﬂﬁlg 4322 (NBHDEY; vIMB0a@dddf s)corﬂ15I9é>(AfsC—C m), & 1480,

Lok B Dy w7 RS A Bt ?9%‘5%4 U SSERRPh Mass spectrum,
oA A O (T T o T G AT e 58 gpectrom-

m/ARBSI[ M qnelg. Bl BB.3a (O 3 g, O. 69 mmol) were sti rred
in THE (20 nl) at roomtenperature overni ght. The

solution was filtered, the 20 solvent renpved undet
redHced ﬁressﬁre the producf washed tw,ce with

G AARERE

3701/H8\?(§ N 9.60. +FAB M5 (mz)>C [M-
THF] +}. 363 ([M- CL THF] +), 281 ([I\/Cl-vg )c121LL)
“FAB-MS:  (mfz):' 235. ,ueg. 2007/ 015074

PCT/ GB2006/ 002832 44 SyntheS|s of N N-bi s

1H benzi m dazol -2- Ineth 1 -N-nmeth [am ne chromumI1]I
chl ori de hexafl uoroanti nonate tetrahydrofuran adduct
(4b 4b was synt hesi sed by an anal ogous procedure to

t hat described for 4a using silver

hexaf | uoroanti nonate (0.762 g, 2.22 mml) and conpl ex
3b (1 g, 2.22 mol ). Yield 1.09

Table 4

Compound R

4a H

4b Me

4c -(CH,)sPh

4d Bn

4e Hexyl

Af ‘Pr
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509, 72 % Anal. Calc. for C21H25C12Cr F6NSCsh: C
34.93, H 3.49, N 9.70. Found C 34.89, H 3.58, N 9.58.
wo BRogonso1), 1) 3220 (NH, s), ,o0 3050 (Ar-H, s)PCT/GB2®6/002832
(ArC=C, m), 6 1480, 1457 4sN-H, m), ,0 1277 (CN, m), 8
753 (CH, s), v 664 (Sb-F, s). FAB(+) mass spectrum
mz 413 [M'-THF], 378 ([It-O, THF], 288
[M - Cr(THF)CI 2] . FAB(-) nmss spectrum mz 235
- [M]g\ ueff.= 3,77 M@+ RHH NI~AngF6 |
N 4f N

\ [RSbFG]NTHE d,,r--d CI ClLd 10 3 4 15
5 H
. H/M

4da H 4b Me 4C- 3PhR4d
ac N N~\I

200 07
IR0 450 -

—_—~ F - ~
W Q]\ClCr THE f C1 ~ OF~c1
0 0/ r\Cl
Q &0 )
L i
4
Table 5
Compound R
5a H
5b Me
5¢ -(CH,);Ph
5d Bn
Se Hexyl
5f Pr

Svynthesis of N.N-bis(1H-benzimidazol-2-ylmethyl)-N-propylphenylamine chromium (III)

chloride hexafluoroantimonate tetrahydrofuran adduct (4¢).

4¢ was synthesised by an analogous procedure to that described for 4a using silver
hexafluoroantimonate (0.25 g, 0.72 mmol) and complex 3¢ (0.40 g, 0.72 mmol). Yield 0.45
g, 75 %. Anal. Cale. for C29H33CLCrFsNsOSb: C 42.16, H 4.03, N 8.48 %. Found C 41.94,
H 422, N 8.62. UV-VIS (DMF, 298 K): A/ (Emax/dm® mol™ em™) = 437 (125), 621
(79), 719 (shoulder). +FAB-MS: (m/e): 517 (IM-THFT"), 482 ([M-Cl, THF]"). -FAB-MS:
(m/z): 235 (IMY). Yesr.= 3.77 MB.

Svynthesis of N.N-bis(1H-benzimidazol-2-ylmethyl)-N-benzylamine chromium (IIT)

chloride héxaﬂuoroantimonate tetrahydrofuran adduct (44d).

4d was synthesised by an analogous procedure to that described for 4a using silver
hexafluoroantimonate (0.20 g, 0.57 mmol) and complex 3d (0.30 g, 0.57 mmol). Yield
0.31 g, 68 %. +FAB-MS: (m/e): 489 ([M]"), 454 (IM-CI]"). -FAB-MS: (m/z):
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4 Table 5 Conmpound R 5 5a H5b M 5c -(CH2)3Ph 5d

Bn 5e Hexyl 5f "Pr 10 Synthesis of N
wWORW7A{30H benzi m dazol -2- ||l et hyl)- N propyl phreyGari06aoe02832

chromum (111) chloride hgxafl uoroantinonate

t et rahydr of uran adduct (42%. 4c was synt hesised by an

anal ogous procedure to that described for 4a using

silver hexafluoroantinmnate (0.25 g, 0.72 nmol) and
235Z\t‘%\g‘]oiex 3c (0.40 g, 0.72 mmol). Yield 0.45 g, 75 %

Cal c. for C29H33C12Cr F6N5COshb: C 42.16, H 4.03, N

§m( gyi chloride

hexéﬂt&)r@mﬁ%%n(aﬁh@ﬁ%ﬂ%ﬁfuraﬁ%g‘g@e2( n e) 517 ([ M THF] +),
mz): 235 ([M").

4b \Kéjfsfyfn‘zhf'sf%c? Yy MBan ﬁ bt ?dc%dﬁ}fa té\lthat described for 4a usmg silver

enzim y nmet hyl ) - N-benzyl ami n
hexafhwopoantimqriate (0.66d g, 392 demhB xad bmpbaﬁﬁl(hﬁnbc% mm01) Yield 1.32

o 5 N R R (40 e BT O L .

THE). LveB-MBe Ue] monate (0.20 g, 0.57 mml) and
@'onpl ex Bd@?%} 30 QEMQ 57 mmol). Yield 0.31 g, 68 %
; - FAB- \B:

+FAB- VB: _
} I)n' mivmd 11 chloride

g 7 . £Y j ) i7 = [ < s G2 “ = TG = =
ace]&ig{g%tbgzj%gi%Q lfﬂ%%%_{tﬂﬂn%g ia_) t hyl ) N hexyl ani ne

chrom.um r.i xaf. I
SinGE R ets 0718 i Sy SR s BOR A B2 B 35 mmol) were
d1ss%[%ﬁ‘i’ﬂ TUE HdQgieRdaerdoth felhperaflas €6 43ckbur® rThé aohhslbﬁ @vas filtered
| ver 5 hexafl uoroantinonate (0. 661 and

mol
anddml@m gemevedgindet Gdugedgirgssurg th;jreiulgazlt pﬁ)dug‘vw t%en washed

mtl%ﬁljéﬁmy[i/sféxix( {%)ﬁ%@ n@f gn I',Md “)'P}t—llﬁs%%u&k R%& Bho gﬁ(;lg éggﬂnal Calc.

for CMp,QICTFsN50,Sb (in %): C 31.85, H2.80, N 8.84. Found C 31.98, H2.91, N 9.02.
+FAB MS (m/2): 463 (IM]"), 427 (M — CIT", 327 (IM — acac]"). -FAB MS (m/z): 235
(IMI).

Svynthesis of N.N-bis(1H-benzimidazol-2-ylmethyl)-N-methylamine chromium (III)

454 (LM C1]

chloride acetylacetonate hexafluoroantimonate (Sb).

5b was synthésised by an analogous procedure to that described for Sa using silver
acetylacetonate (0.11g, 0.55 mmol) and complex 4b (0.40 g, 0.55 mmol). Yield 0.32 g,
82%. Anal. Cale. for CpyHy3CICtFgNsO,8b (in %): C 37.0, H 3.23, N 9.83. Found C 36.68,
H 3.36, N 9.57. +FAB MS (m/z): 477 (IM]]. -FAB MS (m/z): 235 ([M]). ptese= 3.87 MB.

Synthesis of N.N-bis(1H-benzimidazol-2-ylmethyl)-N-(3-phenyl)propylamine chromium

(11D chloride acetylacetonate hexafluoroantimonate (5¢).

5¢ was synfhesised by an analogous procedure to that described for Sa using silver
acetylacetonate (0.046 g, 0.22 mmol) and complex 4¢ (0.18 g, 0.22 mmol). Yield 0.147 g
(77%). Anal. Cale. for C3oH;,CIC1F¢Ns0,Sb (in %): C 44.06, H 3.94, N 8.56. Found C
43.98, H 4.06, N 8.42 %. IR (KBr, cm™), v 3374 (NH, s), v 3062 (Ar-H, s), v 1600-1520
(ArC=C + C=0, m), § 1476 (N-H, m), v 1281 (CN, m), 8 750 (CH, s), v 660 (Sb-F, s).
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Synt hesis of N
N- bi s(1H benzi m dazol - 2-yl met hyl ) - N-am ne chrom um

w@ kdaor)p13M ori de acetyl acet onat e hexaf | uor oant PODGRR@6/002832
(5a). 10 Silver acetylacetgzate (0.077 g, 0.35 mmol)
and conplex 4a (0.24 g, nmmol) were dissolved in
THE and stirred at roomtenperature for 48 hours. The
solution was filtered and the solvent renoved under

RIS, S RS TR R B gy
(IMPCcuy= 382 eiB. 0.19 g (79 %9. Anal. Cale. for

C21H22CICr FBN5CRSh (in %: C 31.85, H 2.80, N 8. 84.
Found chsl 08 H2 .91 N9 02 15N+FAB VB (m z): 463

Svatheal 5 [ benziynida ol- bme jamine clmamiwg (111

chl()ﬂll@ ﬁcetﬁ%to&i%exbﬂu&xgﬁtﬁ 1&1. a?a 8fd) N —

DI S(I'H benzr m dazor - T nyrr- N- net hyl am ne
I h t
B N
acayiad:eugmtts(omcge@Lﬂ@&nh@l)tdﬁdtcotﬂ@&&Mdt(ed 5feQi0. l@amﬂfé)(}ng’leld 0.12¢g
| r 20 acet I acetonate (0.1 19
Tk Ga. ot GotgrC 16 BTN i 0 6405, 36557, N Beth Found C

092 N RSP ey Ty

([M]n)iz) 477 ([M+]. -FAB M5 (nfz): 235 ([M'). ,ueff=
.87 MB. Synthesis of N
H-

phen yhgoglg&y&l% chloride

QT ofs id et C
acéﬂﬁ%@idﬂd%lﬁ%ﬁﬂhé%&ﬁhﬁoﬂa@&%e) 25 5c was s synt hesi sed by an
anal ogous procedure to that described for 5a using

5e %& é’ﬁﬁhesﬂ@@ %)% Iaﬁ%ﬁﬁleg&{s%ﬁ&gdgﬁ%% %t gf%ﬂB%)Sa%?%}aver

acepgr]ateion@wl (@ 065 osamamm anl@g% (025 .32 Garddl) omechzl g (86

)i Cllyiop o RSN e 0 %) 5 ioen H 7R &84, Fpund € 41.53,

H 41533)@& 95,@&%%\%\@5@7’2) ([Mg ) %1&1@161\&43 @IV@M VCHBBFAB MsS

(m/zwiﬁ(ﬁ D4 PCT/ GBZOO6/ 002832 47 +FAB M5 (m z): 581
([I\/]+) 545([M- C1]+) 482 ([M- acac]). -FAB M5
: 538

n%?f:gghromium (1)

chlcﬂi]daxmbmlacéiohht)a heﬁb)ﬂlwrbﬁﬁmﬁﬁﬁte}(BﬂC et onat e

hexaf | uoroanti nonate (5d). 5 5d was synt hesi sed by an

5f wadyatesiSedbPAEEH G ous de&@&urQ ?(?’fhﬁf &%gnlgéﬁf fo? §a ﬂ&g@ Gilver

silver acetylacetonate (0.
acepsgapstoagte4d. Oéé £18.3g mmol) gndm@nplex ¥f 61 E 8. 0133 glmc(l)7 7{1@,131 020 g

(82%%%@@&8 £ SRR S Y e 8886, 8r3.61, %0038 pdina

38.72, H3.79, N 9.38. +FAB MS (m/z): 505 ([M]"), 589 (IM-Me]), 469 ([M - CI[*). -FAB
MS (m/z): 235 ([M]).

Coniparative Example 5. Homo and co-polymerisation of 1.3-butadiene.

5.2. Procedure 1: homo-polymerisation of 1,3-bu‘padiene.

A 200 ml glass reactor was dried and flushed with Ny, then charged with the chromium
complex (1.1 umol) and MAO (1.6 M in toluene). The mixture was stirred for 15 minutes

followed by the addition of a solution of 1,3-butadiene monomer in toluene. The
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42.40, H 3.58, N 8.81. +FAB M5 (mz): 553 ([M+), 518

([M- d]). -FAB M5 (nfz): 235 ([ M] . 10 Synthesis
w@boooNod s( 1H benzi m dazol - 2- yl met hyl ) - N hexyPEriGBe006/002832

chromum (111) chloride aggtyl acetonate

hexaf | uor oanti nonate (5e) e was synt hesi sed by an

anal ogous procedure to that described for 5a using

silver acetylacetonate (0. 065 g, 0.32 nmol ) and

polfR i Gacy oSl AR MR oSyl O el syl gr e

mixuX7 FolNeBetrhs cheied dufabble 53Gom 1dm rﬂ?uﬁ{) theN1 55 3€actorffi3

subnp_e,géerg\}g)an(qxfll l;a)tlrg {1%@; tﬂtﬁi&gproggﬁg/g )ggqega]féﬁp( cI>V| te-rmgla]t; 2he
pol%n'éh?dtﬁﬁl'éic@i%? Zﬁl@hﬁf@é@tkd gutahleﬁ% %vaé\bélﬁgd)ﬁrﬁpﬁ’lleﬁgﬁ&%as added. The

chromum (111 ride acetyl acetonate
prebipiated polyozantwasoveahel WBR metiaholvaspasated b Sitetidnlayd dried under

anal us, pr dure to that described for 5a using
Vacg}‘ﬁfg%%g: fg’éng& acetonate (0.068 g, 0.33 mol) and
corrplex4f (0.25 g, 0.33 mmol). Yield 0.20 g (82 %.

5.2008biynfeliod &1, %&t’*&ﬁf?&%ﬁ@ﬁ? q%?s&'(l%ﬁ@ Talle ) 00 | F

3791, — round ©
\ F
A IR B0 i
com}deip 84 Yk pinsd) anan3 .65 mdl, F-adud hﬁs'oémtﬁ)él oszA@ . toli’léﬁ@ EEhnbl).
b OGRS R0 et 208l o
1.88 ?Qﬂf g @deWa&ané) Réas Ciﬁﬁ%@t% Uffle o %ti6d rehctitd %???&{%%Qd under

Min toluene).” The m Xture was stirred
Vlgﬁﬁoﬁﬁl staging fapt qom\r@mp@yatmrh efOlaﬂU Atfieoward$ tle readtiohivoas tefiminated and

the s R o5 W et P eseiberaiots Brodies D). Polymer

yielda.94 £dCqiversidn ¢fAQ3TbLRAAREE ﬁﬁ@p@lybuta&leﬁé) rqug stirring
of the nmixture. For reactions carried out above room

The coimpposision ol the teaulignbpelybwtadiensy wewd7 mgb%xmazgseu4uand ammol % cis-

L4 P A B Sy POIRORE LS S TRE L imelggmeian
(M) mmﬂddb)edaemaewbﬁﬂ@@ aree 9@96’(&9&@1»@@2@%%/@1 SreSpectively.

rec ated pol yner was washed w th met hano
 Thleliireratvgad (ralseiavessta detationnbbfM o i at 60

C for 24 h. 5.2.1. Polynerisation of 1,3-butadiene
5.2.95P A19mEREHROR6f 33 -hiftifleds uslPd i fdx 38\ Bh3SFante ). ek

reactor supplied Wwth a magnetic Stirrer was charged
A glats$ BeHlerdk ¥8ct6f supplied with a magnetic stirrer was charged with 0.5 mg of

complex 3b (1.1 pmol) and 3.75 ml of a 1.6 M solution of MAO in toluene (6 mmol).

After stirring the mixture for 15 minutes, a solution of 1,3-butadiene in toluene (20 ml,
1.70 g of 1,3-butadiene) was injected. The polymerisation reaction was performed under
vigorous stirring at room temperature for 3h. Afterwards the reaction was terminated and
the resultant polymer isolated using the procedure described above (section 5.2). Polymer
yield 1.70 g. Conversion level of 1,3-butadiene into polybutadiene, 100 %.

The composition of the resultant polybutadiene was 96.9 mol % trans-1,4; 2.5 mol % cis-
1,4 and 0.5 mol % 1,2 by FT-IR spectroscopy. The average molecular weight (M, and M),
determined by GPC, were 118,880 g/mol and 231,480 g/mol, respectively. The
polydispersity index (molecular weight distribution, M,/M;) was 1.95.



complex 3a (1.1 nol) and 3.75 m of a 1.6 Msolution

of MAOin toluene (6 mpl). 10 After stirring the
worooror®74 or 15 minutes, a solution of 1, 3-buteci/eBeoncn02832

toluene (20 m, 1.88 g of ;93-butadiene) was i nj ect ed.

The pol ynerisation reaction was perfornmed under

vigorous stirring at roomtenperature for 3h.

Afterwards the reaction was term nated and the

resul tant polyner isolated using the procedure

descri bed above (section 5.2). Polynmer vyield 0.96 g.
Fur@leen\t S-bitadiens pdlyBetisttiads, avich édﬂﬁplemB)itBH, addigrend Sa) 5455, were

%g&.conposition of the resultant £ ybut adi ene was 97
pertfsmedgiping Hae nrogediwedescriped igyseptian 32 ﬁpreqedzlrﬁxiwle 1§pWissge given
1nfm¥9@t90ted) by FT-1R spectroscopy. The average

nmol ecul ar weight (M and Mv), determ ned by GPC, were

93 960 g/nDI and 233,510 g/ nol, respectively. The
5.2 gl aitiene ohpheisatian atvdifferient dinperatioas iomg complex
M' 2. 49 5.2.2. Polynerisation of
= f*ene using conplex 3b (run 2, Table 6 . 20 A

or ied it tic t|r

P A A BB A 0 BRI BH g e

roofh tEEonﬁatmé veerdcdiridd 5ol followingQhe ploCEduie Héﬂcﬂbétﬁm( &ctlon 5.2. The
After stirring the mxture for 15 m nutes,

temgasqaa%r? Sas gentyolted iy sumerging the dass &gqetop fpamypil bath, hp@teg at the

des@Ed gen?pepé{ﬁt%dfh%r} %ull’ﬁ@?e 1%&%1‘%@13 4he polynerisation
reaction was per Vi gorous stirring at
roomtenperature for 3h. Adtermards the reaction was
term nated and 25 the resultant polymer isolated using
t he procedure descri bed above (section 5.2). Polyner
yield 1.70 g. Conversion |level of 1,3-butadiene into
pol ybut adi ene, 100 % The conposition of the resultant
pol ybut adi ene was 96.9 nmol %trans-1,4; 2.5 nol %cis-
1,4 and 0.5 mol % 1,2 by FT-1R spectroscopy. The
aver age nol ecul ar weight (M and My, ), determ ned by
GPC, were 118,880 g/nol and 231, 480 g/ nol,
respectively. The 30 pol ydi spersity index (nolecular
wei ght distribution, MM) was 1.95. WD 2007/015074
PCT/ GB2006/ 002832 49 Further 1, 3-butadi ene
pol yneri sati ons, with conpl exes 3a-3k, 4a-4d and 5a,
5e-5f, were performed using the procedure described
in section 5.2 (procedure 1); the results are given
in Table 6. 5 5.2.3. Exanples of 1, 3-butadi ene
pol ynerisation at different tenperatures using conpl ex
3b. (Procedure 1). Polynerisation of 1, 3-butadiene,
usi ng conplex 3b and MAO, at tenperatures higher than
roomtenperature were carried out follow ng the
procedure described in section 5.2. The

3b.
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tenperature was controlled by subnerging the gl ass
bath heated at the 10 desired

react or
WO 0UpeLRATAr €;

in an

oi |

2007/ 015074 PCT/ GB2006/ 002
Pol ymeri sation of 1,3-buta
BIMACr (111) based cat al ysts
M crostructurec Mh MW PDI

2 50 Table 6.
iene with different
Runa Cat Y

(% %

the results are given in Tabl e 7PCTMGB2006/002832

4
95

10

4

6 4

6 4

ene

raps-1, 4/ ¢ , 1.

Taile s Bamoagionst gy bisg il M dightant B RpACHED F88¢ gorgyss.
3 3c 80 96 4 0 55,530 102, 700 1.85 4 3d 34 98 <3 <1
37, O7C L:O ‘{\O 1 bU [ e - & Ad <} 66 9N 4'\ oY mi
1.81 100" 3Fans od M §“§§W%Qf4zo ?4“800 Mg 7P
92 7 1 8 3h 48(RB |% MBsAfcH20 006, 770 1| 81 9 Bi 2:
4 1 10315982 NB 633900 8%, Pdlcdr D 1153t
93 6 187, 558 |1Hs 400 2°12 ARS5980 PRI 28
167,92® 1. E)Bb 13§ (4994 8@38 NDs52| vi)8807| 330430 86.951
4c 82 {972 8B 26 20, 160 249 =ib A 10 50010
37, 604 59, 536 B%d 960 16 4600 175239 nEY-290 51485
75, 50074155, 330 32 Utog 19G:35€ 2P 9 3%@761 @@96(6 21 $4°
ND 60,|210 89,630 1.49 |25 Notes on Table 6 a)

Pol yneri sat|i3er] Zond7 i drs: fshct | 60320 np12h25bui &di
| 0ad S—1-8§-g--Catalysts it o Corentabysti i
(1.6 Mqn t&?uéﬁg)%)AI/C? _ 8l 0op48830 v ZLG0Y, [i14f
pol ybutadi eng (549 ¢ KB gBpP ™ [L00.
8 3n[48 [98 |2 |[ND 97,720 |176,770 | 1.81
9 3 (22 (95 [4 |1
10 |3 |17 [98 [2 |ND [63,900 [101,070|1.58
11 |3k[10 [93 |6 |1 87,550 | 186,400 | 2.13
12 [4a]17 |95 |4 |1 87,810 | 167,920 | 1.91
13¥ [4b|4 |89 |8 |3 52,770 97,930 |1.86
14 [4c[82 |97 |2 |1 48320 | 120,160 | 2.49
15 |4d[10 [>99 [0 |[<1 [37,600 |69,890 |1.86
16 de | O
17 [4f [0
18 [52|5 |90 |6 |4 75,500 | 155,330 | 2.06
195 [5e[39 [99 [<1 [<1
20 |5f(24 (9 |4 |[ND 60,210 [89,630 |1.49
Notes on Table 6

% Polymerisation conditions: reaction time 3h; butadiene load = 1.88 g. Catalyst, 1.1 pmol.
Co-catalyst, MAO (1.6 M in toluene). Al/Cr = 6,000.
b)Y = yield of polybutadiene = (g of PBD/gBD)*100.
) Microstructure determined by FT-IR

9 by GPC.

O PDI = M,/ M,

®Butadiene

load = 1.7g.
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c) Mcrostructure determned by FT-1R 30 d) by GPC. fl
PDI = MWM,. 9)Butadiene |load = 1.7g. WO 2007/015074

wEaN/eBED006/ 002832 51 h) ND = not detected. Tedl/eBZ006/002832
Pol ynmeri sation of 1,3-buta 'hene at different
temperatures Runa T Y TOFC M crostructure Mhe MM PDI
(O % (trans-1,4/cis-1,4/1,2) 13 30 62 27,980 93 <7 <1
73,270 120,860 1.65 14 40 81 36,560 97 3 0 77,020

h) 8,7 15 50 89 40,160 92 7 1 91,400 196, 420
N Sob0 et 36,560 90 9 1 97,740 190, 700 1.95
Notes on Table 7 a) Polynerisation conditions:
regction tinme | h; initial butadiene concentration of
[ BO] o Tabk 7 PolymrishtiorCaff BBypatadiedbatviifetcht tempeyatures
Co-lcatalyst,  MAO (1.6 Min toluepne) A/C = 6,000

b) Wun'\[ilel d B | BOFY bliMidiostrecture{ g of MBD/ d 85) * 1RDL

c) |TOF = g4n er-f requency .=, nol *(mol |Cr)"1*h- 1,
wher e B[)fﬁrrE(%Z ghoive %’e@“’%éﬁ{ ér}gfd'élr’%g at time t. ~10 d)
$ne

M grigesir3act gebgy fogedl Ry FI<iR | 78H78Y 190%601|11.65
PDI[_ = MIM Procedure 2: honmo-pol yvnerli sati on of

= 5 [
1, 3-Hut adilendl 136,568 4Pl es8 st €8 redT1080 (Vid8,790 | 2.06
evgegat-et - uniger yatHtN fHushed—with
(99. 19904 2015 39|, &0-Lp0 | P
sol|ufg on epf |13l LisfiEsEbHal NpNg The T, 97?;%601'995]17@0 1.95
d by \O, _The

an
T

d ni tlr nnan
s| 7t hehlchar 8&&10\(&. 196420 | 2.15
noraner | folll owe he addition of [the MAO

react or tenperature'vvas kept at 50 C and the m xture
Notggendebler’ed for 40 minutes. Then a sol ution of the
2) .. cat St s | nqt.ol. s injected T -
PR B, SRl S St e U oo
1.9 med Aia Glacadyst:SIH/MADEL fimbl)1CEkatalllse MAOQY I6OM indsluene). Al/Cr =
6060errri nated by venting the unreacted

Y)Y = yield of polybutadiene = (g éf PBD/g BD)*100.

9 TOF = turnover frequency = mol BD*(mol Cr)'*h™, where BD, = mols converted
butadiene at time ¢.

D Microestructure determined by FT-IR.

° by GPC.

D PDI = M,/ M,.

5.3. Procedure 2: homo-polymerisation of 1,3-butadiene.

1L stainless steel reactor was evacuated under vacuum and flushed with nitrogen (99.99%)
several times, then charged with a solution of toluene containing the 1,3-butadiene
monomer, followed by the addition of the MAO. The reactor temperature was kept at 50
°C and the mixture was stirred for 40 minutes. Then a solution of the pre-activated
catalysts in toluene was injected. The 1,3-butadiene polymerisation was carried out under
mechanical stirring for 1.5h. The reaction was terminated by venting the unreacted
butadiene followed by the addition of methanol. The precipitated polymer was washed

with methanol, separated by filtration and dried under vacuum at 60 °C for 24 h.
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| Thekesultpatipelyreshy

20 but adi ene followed by the addition of nethanol. The
preci pitated pol yner was washed w th nethanol,
waepanatoed by filtration and dried under vacuuPCEGB®6002832
for 24 h. WD 2007/ 015074 P¢J/ GB2006/ 002832 52 5.3.1.
Exanpl e of 1, 3-but adi ene poTynerisation foll ow ng
procedure 2. A 1L stainless steel reactor was charged
with a solution of 1,3-butadiene (19.2 g) in toluene

: . i *stirre
oIS, S ) PS04 D

tolche §5 .1 gyarkl MIAO (@Bmi of £t.6BOsolutidnein teleme)i Tige fnturk. veas heated
ot he polynerisati on was termnated and the resul t
at %’o@ﬁms@m& it sy Freviugh BESHEPR OLRURRIFY _éﬁ @Bé@ﬂ& 10
umBgl i Reted/ WRh VA ih 1SluefONVEUS 1 9B ol whs BBt R U BRG ik for 1.5
pol ybut adi ene, 89 % 5.4. Co-pol ynerisation of :
h, the Bolymerisitimevartdrneinhigt end thegeswitantopobyresr iStlateRrsingdoe e

3.,10.A Fj - Por t eact d,., .
PR TP ey EReL Oy L 61 TRRvaSah pE forbuigigne into
polkbith@ena)gbl,a sol ution of toluene (200 ml) containing

1, 3- but adi ene nononer (12.2 g) and 3.75 m of MAO

(1.6 Min_ tol uene%. The reactor was heated to 45 C and
2.4t Ge-pelvmeanisationsef 1.3-butadigne and athiflene gsing cemplepionProcedure 3.

A o%hﬁ%—kﬁ%r&%acggﬁmg%a?%tég{) m%ofg.lssh% W%% ilit?(%le)g@?szeézglvt%gs efore it
wahild ®IR al(sglu!?i%ﬁ o?fol%&k?hO(ﬁh?ﬂ%ﬂfa?ﬂinM%-&ﬁadi&?enmonor{lﬁre(12.2 g)

i mredi ately supplied to the reactor. After 1.5 h,

ande3. By nd o€ MAQ 1 Y Mds tadhesedhendactarheasirateddd 46 °Gmnd iy mixture

. wer nted. The resultant pol yne S i at usi .
st L Bles €T aviny bedeiasbdeommir ol i eiiof ervated
withINeA DG 8 YdThe (1M 361N WaS et QL. Mt yAcHeaB ®af B ol Pechsih@

nol %.trans-l(,_4-but adlb]enelﬁgi¥t 13C %%Rqupectrosc%py? Z)C)Was
theg immediately puipline ta Sareastpropitar BS buthadttetenestpplytwasicdesed and

' I 3 P re 4. | ass. Schl enk, .

the $RlAPe BT e e edtemt e PR Ep s R B psipa e
proéédulie desgitbdd sHove CRytpmexyicld 63ndg. 3. 8 i of MAO 1.6 M

After stirri ngl this mxture for 15 m'n(l)Jtes, t ol uene 13

gieapo-bupdigee emtanedy] 0 mphe memt bbutadiene by ~C

NMEE el the catalytic m xture was then kept in an

ol eg{r?éﬁgﬁ%at ed to 50 C. The nitrogen was evacuat ed

and a m xture of 25 ethylene/1, 3-butadiene (2:1
5.4ioCoHolymevisatiom dBH 3-blikerligne @ad athelena sisine pbmpbaxsitaBtocatiure 4.

1.5 bar during the polynerisation reaction. After
A gdask Belileigk regeton supplied math a mhgnetie stwreromashergedevith hamed of
con?ﬂ%gxs iefg ?ll‘lc({) ﬁ%g‘l_l];&'}{gél%Lé:ﬁ.rAftéc’roslti?rtiEgdth?ssmgx e orbfeéj m%?u%\e/s?toluene
was added to total volume of 50 ml. The Schlenk containing the catalytic mixture was then

kept in an oil bath heated to 50 °C. The nitrogen was evacuated and a mixture of
ethylene/1,3-butadiene (2:1 mol/mol) was added. The pressure was kept constant at 1.5 bar
during the polymerisation reaction. After stirring for 45 minutes, the reaction was
terminated and the resultant polymer isolated as described above in section 5.2. Polymer
yield 3.89 g. |
The resultant poly-ethylene-co-butadiene contained 48 mol % 1,4-trans-butadiene by 'H

and "*C NMR spectroscopy. The average molecular weight (M, and M), determined by
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yield 3.89 g. The resultant poly-ethyl ene-co-butadi ene

contained 48 nol % 1, 4-trans-butadiene by 1H 30 and
wa3@7mMarspect roscopy. The average nol ecul ar WeCQoB2¢0M002832

and Mv,), determ ned by V\lg 2007/ 015074

PCT/ GB2006/ 002832 53 3ner e 5,180 g/ nmol and 15,570

g/ nmol, respectively. The polyd|sper3|ty i ndex

(m)l ecul ar wei ght distribution, I\/WM) was 3. 01.

| e 6. SyntheS|s of aCo(II) | ex. bearing
GPG PR I8 gl Aot T mol. fepestbiabi dhe RPRPRRI T
b QPR in high yield (85 %.
(mogs%lll'%ime%egg r@tlﬁ?hj‘é’g%% S %? ined in the Scheme. N
Nve N Nb N / + COCl2 THE N~ | | \ H 2 --",Ql 1----
ExamiplEs. Synthesicnfa C8 aseidg pxhbe faHEan
ERdHWitteh in THF to aff a6 bl e co oundmhl h 1eld 85 %
COC%bl sgéal—l- ber%zhl m 1élazol -O?y(l)rrretahaﬁla) uN— rrentlphyl am neg cyobal(t o)
The(geharabmndlasdes outligeflinrthe §phm|m‘ant i t| es of 2b (0.56 g,

Q | Andl f"nf"‘l") (N 2L

1-93—+el / ot Oz (U 29 g, 193 IIIIUI} W T bll 1 CU

in{40 mM of THE for 24 hours and thenyefluxed fgr 4h.
Th 3y AMfiltered, 10 washed reé‘/litirrestvith

, o) trth di et h [ h 5

I TR G
nlv v 3280 (\B, s), v 1620- 1540° (ArC=C, m, 8
1489-1454 (N-H, s), 6 764 (CH, s). +FAB- Mg \gmr 2): 385

([IMOT1+), 420 ([M H+), 769 ([2M2C|]2$j
([2m A ]+). Pol yrrerisati on of 1, 3-butadi ene u3| ng

coptex—6a—i5—Agtass—Schtenk leau or Supptied wth a
magneti c stirr 8chongs. Symaregmabf vhet Go@l) tomplesf conpl ex
6a (5 nmol) and 1.88 m of a 1.6 Msolution of MAO in

toluene (3 mml ). After stirring the mxture for 15
SynfhieRistof N, Nabis(@ Hulbdnaiimidhzdl,23vlmetigdl-Haeethplatniha ierbalt (b chloride
m, 2.31 g of 1,3-butadiene) was injected. The
(6ahol yneri sation reaction was perforned under vigorous
stirring at roomtenperature for 1 h. The reaction was

Equimplar mltl@tetw@yofv%ht(pﬁé g.hk9%mmel tand CeCh0Rdi 8nd93 mmol) were
stlrrﬁgllg} %@em b}; va\lgs o?gg an(zlf @f?ﬂ(%h fofr Hﬁ ¢ o dpeglloah&as]i/%dﬁltered

separ a
wasihbdli tHrad times &ﬂt@ THF Q&i xtm)dﬁl) Mﬂnelwith &Et}@Detﬁef @0 ﬁl@ and dried under
h .
vacpghy igl a et 8 9 85,50 BB oo LY, 371856158 Qarc—c,
C=N, m), 5 1489-1454 (N-H, s), 8 764 (CH, 5). -FAB-MS: (m/z): 385 ([M-CIJ"), 420 (M-

HJM), 769 ([2M-2C11*), 807 ([2M-CI]").

Polymerisation of 1.3-butadiene using complex 6a.

A glass Schlenk reactor supplied with a magnetic stirrer was charged with 2.1 mg of
complex 6a (5 pmol) and 1.88 ml of a 1.6 M solution of MAO in toluene (3 mmol). After
stirring the mixture for 15 minutes, a solution of 1,3-butadiene in toluene (15 ml, 2.31 g of

1,3-butadiene) was injected. The polymerisation reaction was performed under vigorous

‘stirring at room temperature for 1h. The reaction was terminated by venting the unreacted

butadiene followed by the addition of methanol. The precipitated polymer was washed
with methanol, separated by filtration and dried under vacuum at 60 °C for 24 h. Polymer

yield 1.2 g. Conversion of 1,3-butadiene into polybutadiene, 52 %.
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WO 2007/ 015074 PCT/ GB2006/ 002832 54 The conposition
of the resultant pol ybutadiene was 1 nol %trans-1,4
wae@70sompl % cis- 1,4 (1,2-vinyl: no detect edl)Cbg&Bi@@/oozssz
NMR spectroscopy. Exanpl e Synt hesi s of
1,4-trans/ 1, 4-cis pol ybutadl ene blend (Co/Cr < 10). A
gl ass Schlenk reactor supplied with a magnetic stirrer
was charged with 4.2 ng of 5 conplex 6a (10 nol), 0.5
ng of conplex 3b (1 no and 2.5 of,a 1.6 .
Thehmanos gt (oo seultantobe iepg Wato) ljﬂof %@L 3l gl % cis-
1 1 @g&lﬁ tion of 1, 3-
14&uta |%nrégfferg&?%(llaog e e@r(ﬁ&; g of 1, 3-butadi ene)
was |nJec%ed T?e poI nerlsatlon .regctlon ﬁ@

for 3h. The reaction was term nat ed by ventin

A glaﬁﬁe%f&ﬂ% Eﬁ%ﬁtﬁa|Séﬁléh@|doWFth9e§1aB93tt°h%ﬂr&‘ddW§§ Oharies S 4.2 mg of
%’ﬂ Z*O W}lgla;p gt g%g I‘J&#l‘bﬂ%%(r atﬂﬁg'kn){a éndd\’?l% 5?‘5 3 M &lution of

MAG G tstuate @Om@dlp rAﬂ@t simrrnfg)ﬂ;ermb(tg!ﬂeeﬂod 16. rﬁmu@s a solution of 1,3-

NIRRT R R TN —
readdld Flr‘\gas"\ﬁe?fcﬁﬁlemd&’ {Ilgafb%s Jstn‘hng“ﬁ rl%&ln tc/ih%o@aﬁiré £0r AR reaction

I'R spectroscopy. hesis of
wasiteﬁnma@dshylyemﬂgsth@ vhighetechUitediend ﬁollo@@dtbyrthblaéddlon of methanol.
> 10 eactor .supplied wth
T, GRS PEISPPE: SaSTERHE GO LRI SSUER o fieion ag dried
unded Qadiin att6¥ °@.féo 24, Pf)lyf:heiL yi1dMBa ¢t IR eRionMO Brbutadiene into

toluene (6 mml). The m xture was stirred for 5

,POIYbuﬁ@F’ﬂ@I& $d %hen 0.4 m of a solution of conplex 3b

The( (ion%pcM ic{gm%‘ resuﬂgnt)po c)?b(flt(tléd\fe%eeoqery& S %0‘9131 ra/ tn%k’qu? 45 mol %

Was 1 nj ter stiTring
cis- floiran'a 321ﬁ0h%nl.12©§r F&-Hbépét:trmopi 1, 3- but adi ene ln
t ol uene (30 M, 4.62 g of 1,3-butadiene) was added.
The poI yrrerl S t| on rleact on was per.f or d 8nd

PUAZHA AE3CIQT, D1€]

The

A § E@P&% %gto\ggﬁp@?eﬁ[]" %)}%%glg%tﬁ ixprgr gﬁ%{% g arg%cf Y"ﬁg 4yim mg of complex 6a
(BRSSP NSl Ly 6y T v

stireedfpo§ iminwtas end thea Gesliof Arsplupon pboempicsd® (9 cpwaolfms 0.2 ypmol)
1.4
actifgrel Wi T I fehuch 8 I ) o Byl Ml 3Rl e for

miniedse dohetbn! 6 QBbaiadieneliny tohiend|(BMES, 462 ig ofilf3- Bﬁt&ﬂiene) was added.
conpositions; the results are given in Tabl e 4. WO

Theypel ymetisadipn m@ty@g@@@gyr@qyg@g@n er vigorous stirring at room temperature
for 2.5 h. The reaction was terminated and the resultant polymer isolated using the

e

procedure similar to that described above. Polymer yield 0.22 g. Conversion of 1,3-
butadiene into polybutadiene, 5 %.

The composition of the resultant polybutadiene blend was 73 mol % trans-1,4; 21 mol %
cis-1,4 and 6 mol % 1,2 by FT-IR spectroscopy.

Different Co/Cr molar ratios were used to obtain polymer blends with different

compositions; the results are given in Table 4.



55 Table 8. In-reactor pol ybutadi ene bl ends obtai ned

wWth catalysts 6a and 3b in different nolar ratios. 5
wRava/0GofL<r Al /Co Al/Cr Yieldb M crostruct ur ecPCEGB2006/002832

(trans-1,4/cis-1,4/1,2) 1 § 3500 7000 87.7 89 4 7 2

10 400 4000 18.2 52 45 3 § 20 600 6000 10.6 73 21 6

10 4 50 600 6000 4.8 40 55 5 Notes on Table 8 a)

Co-catalyst, MAO (1.6 Min toluene). b) Y = yield of

oA B T SR df B3 n i
mobkghm@iszenbach V. G, Anderegg G, Schneider W, Senn
H, Helv. Chim Acta, 1955, 38(132), 1147. 2.
Bugel | a- Al tam rano E., Choquesillo-Lazarte D.,
Gonzal ez-Perez J. M, Sanchez- 20 Moreno M J.,
Mar i n- Sanchez R varti J ., Covel o B,

7 R~ —Ranmps J O
Carval | ¢ Ra | i\Aeira - Welr r Cl}l ,
o[B80 B S Ykl
E

T., Colper———RobinsD ] droh;
51(37) | 1024).2. 1.358n| 780&s- c8drfelz R |E.
Bar ba- Berhenms N~ TOH 1 0= To 5 IEz-BErngs S 52 North
H, Castillo- E}Idurr LSd‘ltl(de 42@? heé?gn, 53000}319, 321 WO
2007/ 015@G74 | PQU GB2606/ PGa@B2 6.6 ai3ns 2. |A @ ocess

for producing honppolyners o copollyners of conjugat ed
di enes cd‘npq i 90ng| eQht Eé@@ohg m)ﬂ@nler‘ﬁoc meXerli ald
conpri Simg—at teast—one conjugated—direne wth =
catal yst systemconprising two or nore different
ransiti nmet al conmpounds and optionally one or 5
NO%r%P%s%%tei ators. 2. A process as clained in Claiml
) Oahatydn, MP® (T.ensid odenBpt al is sel ected froma group

n3- 10 transition nmetal ,_|anthani de and acti nide.
Y = yield of polybutadiene = (g of PBD/gBD)*100.

“Microstructure determined by FT-IR.
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3. Aprocess as clainmed in Claim1l or 2 wherein the
transition netal conpound is selected froma conpl ex
w@oeowaisrsag neutral, nmonoani oni ¢ or di ani oni ¢ PCT/EBA®G6/002832

10 4. A process as clainedgin Caim3 wherein the

ligand is nonodentate, bidéntate, tridentate or

tetradentate. 5. A process as clainmed in Caimi4

wherein the ligand conprises at least one N, P, 0 or S
gm 6. A process as clainmed in any one of the

preced| ng Cains wherein the transition netals 15

1. AQIpEdss orpréduchig Honeopslyim@n onedpallyns@k 6£t@fuddiediehios Mhprising

and-W and a second transition netal selected fromFe
congagting gquomentc meteriad caRprigng at lgashone ronjngaredhisngmithiecatalyst

sys&ﬁ?@&qgﬁbgncgoqbvg &Em eﬁfl lgngt%sﬁ@ﬁ%tél C%ﬂlgggh & g] optionally one or

conpri rom um roc
moreracanytorsne of the pr ecedi ng C ains V\,her ein the am)un:]
each of ition netal, co unds 1S suc
gm&?%%%s @@H@gd??g%% wgF reghﬁ}le GrRBSTBeN MgEd & SeesstRgidtinTag group 3-
10ir%sﬁibn%etﬂﬂeﬁﬁhaﬂi&%ﬁ%gﬁﬁ‘id&m al moles of transition
nmetal conpound enpl oyed as catalyst. 9. A process as
3. Alpsdgessiad Cdalawyl infdaiof 1 vh2 wheeoete igngtion ms:taMaempomd ilseelected

anount .of e t]e transition. .netal ounds is
fro ot cE M ng meutaly mbr iome G MmRac IR Raso 55
4. APIRRUNSSclhithedtin lCRAR 3 GhdRiME Ggadd B @é&ﬂ)d@ﬁ\tafeof)ﬁ%ntate

nmol es of transition netal conpound enployed as
tridenfptg|oy detradgigfateA process as cl ai rred in anyone of the

5. ROEER RHEHIR R Eefh Le Tl amtoet aficast onga P, O or'
atofaf ocess as clainmed in any one of Clains 1 to 9 wherein

t Ieast one of the transition 30 nmetal conpounds is
/g achigigd de Ay prel the precediag Flaime werqin thekmnsition metals

con?pqu QQ&QQ%ﬂgﬁ?ﬁgﬁ%%% t%? %{%&fﬁ iﬁ B%i ﬁﬁ Ia]n& a§gﬁnﬁ‘tfansi%1on metal
sgleasteplﬂqm FEColandNi. Ti [1V], zr[I11], zr[111], Zr[1V],

7. A process as claimed in any one of the preceding Claims wherein the transition metals
comprise cobalt and chromium.

8. A process as claimed in any one of the preceding Claims wherein the amount of each of
the transition metal compounds is such that the concentration of any one of these
compounds is >0.01 moles % based on total moles of transition metal compound employed
as catalyst.

9. A process as claimed in any one of the preceding Claims wherein the amount of each of
the transition metal compounds is such that the concentration of any one of these
compounds is at least 0.10 moles % based on total moles of transition metal compound
employed as catalyst.

10. A process as claimed in any one of the preceding Claims wherein at least one of the
transition metal compounds is a metallocene.

11. A process as claimed in any one of Claims 1 to 9 wherein at least one of the transition

metal compounds is a represented generically by the Formula (I):
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HE[IE], HE[LEE], H[IV]), VL], Vitit], ViIv], No[lI],

No[I111], Nb[IV], No[V], Ta[ll], 5 Ta[lll], Ta[lV],
w@eqorioso7Cr [111], Mi[I1], Mi[ll1], Mi[1V], Fe[PCT/GB2006/002832

Fe[1l1l1], Ru[Il], Ru[lll], u[ V], Co[ll], Co[lll],

RA[11], Ra[lII1], Ni[II], ngll], X represents an atom

or group covalently or ionically bonded to the

transition netal M Yl is Cor P(R; Y2 is -Q R, -0

(in which case the bo
-C(Rb) =0, -C(R =N(R7},
-P(R) (R =0, Ra,RrRD, 1|‘R
i ndependent I y| 10
hydr ocar byl , >uq tit
het er ohydr ocar byl , su
Si R 3 where eacwws
hydr ogen, hal pgen,™hyd
hydr ocar byl , heterohydnocarbyl and substituted
het er ohydr ocarbyl, and &ny adj acent ones may be joi ned
together to forma ring; Gis either a direct bond

between_Y' and Y2, or is_a bridgin roup, which
wheggi i LY. ST b s Hflngouf Ak, EWHH FiE @l flime v,
] S, BT VENC YAV YT Yo 2 Nuhe i N o,
Taf@ty Ta[1&]o€+{0], CEI] IVEsgII MA{ElpMn[£Y ], B, Feffl], Gl Ih&u[II],
Rl fort Ao Ko JPRRE Nion i b ebrsents A gt pirow

cov%%?lﬁ' o ﬁﬂ%u?%ﬁ&%?mﬁem medl nowlezg 0 &ngegr?% fsflb‘éR7 -0

an atom or gfoup cova y or 1onic¢ally ban
(in twhaghsiasé the bone fiaim Ofto M uscoaralgnbmﬁl(ﬂg)ﬁﬂl ),t-o M

BT TS RGBT R, LR

selScudBtrdrh Wy 8D B RN ERY diyIssakbs, s%bst1t§!e3h§dwa&¥b91 e@fboydrocarbyl,

is |ndependently sel ect ed fron1hydrogen hal ogen,
subh’gttﬂltaddatdgylhydr@;asbm ot SiRit wherapdehol sis blydependently selected from

by PRt ol L S e, RGP e B b
sub@ﬁﬂfé&%'fbrolﬂﬁfr&%%l M%?%ﬁfa@éﬂt ’on§§111ﬂ§§ bt jﬂlﬁéii together to form a

hydr ocar byl het érohydr oc g substituted
rings¥ isreothgia dent bynd b¢tvxsc1RY and ¥%°,ics if 2 bridging gr@p, which optionally

contains a third atom linked to M when q is 1; L is a group datively bound to M; n is from

‘fromO to Mis coval ent),

- P(Rb) (Ra) =N(R7) or

Rd, R5 and R7 are each

ed from hydrogen, hal ogen,

d hydrocarbyl,

¥t'Ut ed het erohydrocar byl or
i ndependent|y sel ected from
ocarnhyl, substituted

Oto5;mis1to3andqis1or2.

12. A process as claimed in any one of Claims 1 to 9 wherein at least one of the transition

metal compounds is represented by the general formula (II):

¥

Ra
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mis 1 to 3 and qis 1 or 2. 13. A process as cl ained

in any one of Clains 1 to 9 wherein at | east one of

wo b@7o1sansi tion 10 nmetal conpounds has the foPCDGEBR6/002832
Formula (IV): RA RS Y=N \/ Ln A\ N>MT]-(T/b)X

3 AY-NR6 R7 wherein MT] is Ti[Il], Ti[lll],

Ti[IV], Zr[11], Ze[0LL0], Zre[1V], HE[II], H[III],

HE [TV, VLI, VL], VIV], No[Il], No[IlI],

W}%:%H %{qlrﬁ:pr&% a1n] a-l-lc-&h :e:g%mlﬁ%lv%}lﬁ%tilxﬁ-{la&b\é{%]lb{ fﬁ%r[nigg][t? Iﬂ}e] t’ransition
metalRM; T §s,a dRafp ddt]velyRedunilto MG it beledted frbin] hydRideh) Ralogdd,

, P represents an_atqm or group

by AP LSt B aSaTtg hot DA a o Db uDRitaied ety drodarbyl or
SR re BhehR 8 il o RiKhif b1l i IpRloded i SR h i Blhuby,

subjtitutes] Kydescaft(yBdeterétydieraftsd] and swtaitutédigkegongtioédryINROIR® and
i proviso that at |east one is CR

5 , h th © R,
R g@%ﬁgﬁéﬁl\g@r{d@m&}% @?f‘ééﬁéihfr@rn@@é@ﬂ%ﬂﬁlqgegéwé&%byﬂmmmuwd
UG SRSl A8y LB o BB B s om0

m ihétteBahgdriotarPyl or SIR 3 where each R is

i ndependent |y sel ected from hydrogen, _hal ogen,

13. p) diresess #5y9laimed i pny ool Glpmsok tor Hypherein at least one of the transition
| ed heterohydrocarbyl;

me%g&gﬁghégﬁg%ghggghﬂﬁg%gggﬁggggby sel ected from

hydrogen, hal ogen, hydrocagbyl, substituted

hydr ocar byl , heterohydrocarby}._ gubstituted

het er ohydrocarbyl or SiR 3 e each R is

i ndependently sel ected fa! hydr%

e
gdn, hal ogen,
hydrocar byl , 25 substi tgted Qydr TﬁL&é’b
het er ohydr ocar byl and én{\b/s_tg{‘%ﬁ e %hydrocar byl .

WD 2007/ 015074 PCT/ GB2006+642832/ 59 14. A process as
clainmed in any one of Clainms)dl to 9 wherein at |east
one of the transition netal/coffgounds has the
following Formula Z2 R28 R2®® 20 K26

wherein M[T] is Ti[II], Ti[III], Ti[IV], Z[IT], Zr[IIT], Zx[IV], H[IL], HE[II], HEIV], V[I],
VII], V[IV], Nb[II], Nb[III], Nb[IV], Nb[V], Ta[lI], Ta[III], Ta[IV], Cr[I1], Cr{III],
Mn[II], Mn[III], Mn[IV], Fe[II], Fe[III}, Ru[II], Ru[III], Ru[IV], Co[II], Co[II], Rh[I1],
Rh[III], NifII], PA[IT]; X represents an atom or group covalently or ionically bonded to the
transition metal M; T is the oxidation state of the transition metal M and b is the valency of
the atom or group X; Y'is Cor P(R%), A to A? are each independently N or P or CR, with
the proviso that at least one is CR; R, R®, R* and RS are each independently selected from
hydrogen, halogen, hydrocarbyl, substituted hydrocarbyl, heterohydrocarbyl, substituted
heterohydrocarbyl or SiR’; where each R’ is independently selected from hydrogen,
halogen, hydrocarbyl, substituted hydrocarbyl, heterohydrocarbyl and substituted
heterohydrocarbyl; R and R’ are each independently selected from hydrogen, halogen,
hydrocarbyl, substituted hydrocarbyl, heterohydrocarbyl, substituted heterohydrocarbyl or
SiR'3 where each R’ is independently selected from hydrogen, halogen, hydrocarbyl,
substituted hydrocarbyl, heterohydrocarbyl and substituted heterohydrocarbyl.



Ra PR -Nl RI9 R2 N~ --- MT - (T/b).X R3 =N3 4R2 R6

RR2 QR23 R Rea 25 i5 Fornmula Z wherein R, R2 and
w®R3ooanesoeach i ndependently H, or Cl-d o al kyl , par/giB2@6/002832

aral kyl and wherein R19 teyR28 are i ndependently

sel ected from hydrogen, halogen, hydrocarbyl,

substi tuted hydrocarbyl, heterohydrocarbyl or,

substituted heterohydrocarbyl; when any 10 two or nore
140 : ; rocar byl ..
D ey ey o of €1 B 6 sRAR e ohe of the ansiion
metalsgmpowtds hahthedolddwiedoantialZ: said two or nore can be

linked to formone or nore cyclic substituents. 15. A

process as clainmed in any one of Clains.1 to 9 wherein

at least one of the transition netal conpounds has

the following Formula A 15 WD 2007/ 015074

PCT/ GB2006/ 002832 60 (D2)m* E2zr D1 M X)y(L)Z P H

\ AlI-- N Fornmula A A3/ I A wherein in the

five-nenbered heterocycl ip@ @ 6 Whi ch can be

saturated or unsaturated, an Asubstituted or

substituted by hali d§e oR hydt© ﬁlbyl groups, the atons

1

Al to A4 R N
R’ N> M[T] — (T/b).X
4
_._.N3 R21
R

e

R® R24
Formula Z

wherein Rl, R? and R? are each independently H, or C;-Cyy alkyl, aryl or aralkyl and
wherein R" to R?® are independently selected from hydrogen, halogen, hydrocarbyl,
substituted hydrocarbyl, heterohydrocarbyl or substituted heterohydrocarbyl; when any
two or more of R! to R*, R® and R'® to R? are hydrocarbyl, substituted hydrocarbyl,
heterohydrocarbyl or substituted heterohydrocarbyl, said two or more can be linked to
form one or more cyclic substituents.

15. A process as claimed in any one of Claims 1 to 9 wherein at least one of the transition

metal compounds has the following Formula A



10

15

20

5 conprise at |east 2 carbon atons and at |east one
atom selected fromN, 0, Pand S, the remaining atom
wo nogai74ing, if any, bei ng sel ected from ni t POEB2@GMH02832
carbon; any 2 or nore ﬁé to A4 can form part of
one or. nore further r|ng 39 tenms; Mis a nmetal from
Goup 3 to 11 of the Periodic Table or a |anthanide
netal; E1 and E2 are atons or. groups bearing single
and or doubl e bond connecti ons @pd bei ng i ndependently
sel ected froma substituted unsubstituted carbon
atomor (i) aliphatic arbyl\ (ii) alicyclic
hydrocar byl , (iii) i ¢ hydr carbyl (iv) alkyl
substituted aromat] arbyl (V) heterocycllc

groups and (vi) Hej ' atlves of sald
oup co%l\g@gl hg one
of

nore carbon atons
selected fromN, 0, P amm S ach whi ch can be
substituted or unsubstit ut b ha\o en or hydrocar byl
groups; D and DQ 15 are don r,pﬂ%wﬁ or groups; X is
an ani oni ¢ group,TM™%* a neu réﬂ\¢@on r group; in, n
and p are independently O or*1l; y and z are
I ndependently zero or integers such that the number
of X and L groups satisfy the valency and oxi dati on

wheteht ie thef fivdrmemberdd hoterd@clid gpupde sehiels carl lzd muated or unsaturated

R

rie Bt least calBorViiBs afid hilGadt Bhélaeal R1a oA NID,& &1dS, the
is a group selected fromFornulae la to Vi a:

WO
ren@m@ng etPBDISa R TIEHEY6 PEi02 s@gctedsfrom nifxpgennend cappomy; {12 or more
of % to A an%oml %ar?of 51 & ore TR tRE ol s?stl\{nls\l s BnethNidm IGWoup 3

to 11 of the Periodic Table or a lanthanide metal; E' and E* are atoms or groups bearing

groups (i) to (v);\ IN
tionally onhe or nore atorrs

single and or double bond connections and being independently selected from a substituted
or unsubstituted carbon atom or (i) aliphatic hydrocarbyl, (ii) alicyclic hydrocarbyl, (iii)
aromatic hydrocarbyl, (iv) alkyl substituted aromatic hydrocarbyl (v) heterocyclic groups
and (vi) heterosubstituted derivatives of said groups (i) to (v); J is a group comprising one
or more carbon atoms and optionally one or more atoms selected from N, O, P and S each
of which can be substituted or unsubstituted by halogen or hydrocarbyl groups; D' and D?
are donor atoms or groups; X is an anionic group, L is a neutral donor group; m, n and p
are independently 0 or 1; y and z are independently zero or integers such that the number
of X and L groups satisfy the valency and oxidation state of the metal M.

16. A process as claimed in Claim 15 wherein D? and K are identical imidazole containing
groups. |

17. A process as claimed in Claim 15 or 16 wherein the imidazole-containing group K is a

group selected from Formulae Ia to Vla:



RRRRI1 ROI RIVaR7 Va'. RL Vla wherein the
groups R2 to R11 are independently hydrogen or a
worewewaioent (i) aliphatic 5 hydrocarbyl, (ii) BECT/CBein6©02832

hydrocarbyl, (iii) aromati g hydr ocar byl , (iv) alkyl
substituted aromatic hydr &arbyl (v) heterocyclic

groups, (vi) heterosubstituted derivatives of said

groups (i) to (v), and (vii) hydrocarbyl-substituted

het er oat om groups. 18. A process as claineg in Caim

-------

16 wher ei |l]/transltl on.-Agt al con‘pou}e}q_Ll Sel ect ed
from one ;?_L f.ol | ow balt compi ekes, 10_FMe H

Me Me Me; N 1/~ "\ ~14~ N INN
Co/ C RzHI H H YNRGN\\ i NI
15 19. A as clal din (ﬁlalml(‘i11 %

transiti on r}%t al.- é@rrpound R's .gelécted™, fr oni"onemef t he

e
~~~~~~~~~~~

foll owi ng chrom um conpl exes: WD 2007/ 015074 “
PCT/ GBZOO6/ 002832 62 ZTO HN NN MNCOC3 HNHCC3

-----
hd -

H\-CrC12 N J\L/bd MEN HN | / \?=N .
’ g —— l ‘ 1/HN Ra “l
1 ’ ‘ t - ]
; AN 2: { N 6! : :
! ! R \ 9 ¢
’ ﬂ?“ / Y ! K R11 R /
Y 4 . s 4
R . IVa . R Va X R10 Via

-
_____________

------

wherein the groups R? to R!! are independently hydrogen or a monovalent (i) aliphatic

5  hydrocarbyl, (ii) alicyclic hydrocarbyl, (iii) aromatic hydrocarbyl, (iv) alkyl substituted
aromatic hydrocarbyl (v) heterocyclic groups, (vi) heterosubstituted derivatives of said
groups (i) to (v), and (vii) hydrocarbyl-substituted heteroatom groups.
18. A process as claimed in Claim 16 wherein the transition 1ﬁetal compound is selected

from one of the following cobalt complexes

10
']' Me '}' Me Me Me
N | N N |
CLOD G IO
N\CO/N N\CO/N
01/ \o| CI/ \C,
A
N | N
qpse
N\CO/N
CI/\
Cl

15 19. A process as claimed in Claim 16 wherein the transition metal compound is selected

from one of the following chromium complexes:



HN HN HN "N NS CC3 NCGC2 MBNNCC3 NNN HNHN
HNH H HN NN MNVC PhP-CGCl 3 3 MBNTiCl3 NNN
wobboFmdaNE 5 ("N (cC NNrC3 MNTIC2 O C QGr/Geink/002832

Y N/ ~\V HN~\ HN_ HY, W 2007/ 015074

PCT/ GB2006/ 002832 63 Ph HNHN ~ o NIN N Ph
MeN-CrC13 MeN-CrC13 MeN-CrC13 Ph N N Nf HN HN HN i
i Ph HN HN HN

MeN CrCI3 HN CrCI3 HN— CrCI2

IO XD D
o0 D D

S CrCls N CrCI2 MeN— CrCI3
MeN— VC|3 PhP CTC|3 MeN—T|C|3
Q(N
7
O D @
((—3 5 ({—j § HN
Me&—;@lz O~ CrCI3 ©i >/\N CrCI3

D o YYD
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N~NMNCGC MNCCL31 3 N%DMNCCA3 /N/ \ f N

HN HN HN o~ HN HN\ "\ o ~o NNMNCCS3
woRNIOIBI8 N YTOHN HNi 5 20. A process as BUCHGB2@6/002832

in any one of the precedi Cl ains wherein one or nore

of the transition netal conpounds is supported on a

support material. 21. A process as clainmed in any one

of the preceding Cains wherein the catal yst system

conprises {wo or nore transphlon net al s conpounds a

an acti vat ‘

10 22 ss as cl a'IJIWd i aim 20 or 2

the su po terial is eI ) from silj

alu i rconia, pEQNE~ magnesi um ¢hl %lrl de or

a po mer or \ prepol ynen. MeN— CrCI3
IE)/IeNy Crory P PO Y N CrCl3 ) \

e
@ o s

MeN—CrCI3

/
MeN— CI'C|3 MeN—C\rCI?,
K(N
O Y
0 S

g 13
NS

O (Q/N

/ MeN—CrCls

MeN—CrCly \

poay b

20. A process as claimed in any one of the preceding Claims wherein one or more of the
transition metal compounds is supported on a support material.

21. A process as claimed in any one of the precedirig Claims wherein the catalyst system
comprises two or more transition metals compounds and an activator supported on the
same support material.

22. A process as claimed in Claim 20 or 21 wherein the support material is selected from

silica, alumina, or zirconia, magnesia, magnesium chloride or a polymer or prepolymer.



