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haging up to 40 carbon atons Iandfogung a n-conplex with M

Xgis a neutral Lew s base ligand selected from am nes, phosphi nes and

ethers said wherelt, havi ng from3 to 20 non-hydrogen atons; and 35
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| de conmpound accor
L is a group containing a cyclic, delocahzed amomc, n-system through which the

group is bound to M, and whlch group is also bound to Z
Z is a moiety bound to M via a g-bond, compnsmg boron, or a member of Group
30 14 of the Periodic Table of the Elements, and also comprlsmg nitrogen, phosphorus, suifur or
oxygen, said moiety having up to 60 non-hydrogen atoms,
Xis a neutral, gqnjugated diene, optional_lgf §ubstituted with one or more
hydrocarbyl groups, saiB X héving up to 40 carbon atoms and forming a n-complex with M;
Xisa neutral Lew:s base ligand selected ftom amines, phosphines and ethers said
35 X' having from 3 to 20 non—hydrogen atoms; and
n is a number from 0 to 3;

said process comprising gontacting a metal halide oompuund according to the formula
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or zirconiumin the + 3 fornal oxidation state; - M* is
titaniumor zirconiumin the + 4 formal oxidation state;

X* is halide; and L, Z, X and n are as previously

def i ned,; wth a free diene correspondl ng to X, and subsequently or

si mul t aneousl| yzcont akthjng the 10 ~ res@l tingX'@action nmixture with a
Grignard derWatT\ﬁ of a (errlom-al kar€ t O\ #0rm the desired met al
conpl ex. > X*2'According t a—sed¥ha—¥bodi nent of the pr esent
i nvention there is al so provided a process-for first preparing the
above st rtWhgfet!'ycI ic conplexes in situ. Thus, there is provided a -
process Tor prepari ng+ i titaium ocArognien ucmat-waﬂorrngoﬁidetnmnﬂatenl y one cyclic,
del ocal i zed n-bonde 0 Sa t he formul a:
wherein, 20 CL,,QJ H‘QN)I"'“°'9'T§°9‘% ﬁ‘:%?q-z f?@@aﬁgﬂa%"ﬁé + 2 formal
oxi dation state; X* is halide; and L is a group contai ni ng a cyclic,
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sul fur or-25 oxg‘gwﬂ said noi ety having up to 60 non-hydrogen atons;

X is a neut Mgl f’hgated diene.. optionally substituted with one or nore
hydr ocar byl groups, m«:rdmgthasacqgiomquql&ocfdrinleseatlomtlan@qfc)lsnismg a ‘
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non- hydr E g ePFoxide B Prases f‘HG"ePa' ing a metal complpx ﬁ%tﬁ“'%ﬂ'ﬂ‘eﬁ“dﬂ“ Ang Cydic.3;
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sai d procesge|s&iPdd bdlitied grouplshui‘c@ﬂip&@‘tbﬂﬁé}pﬂndmjﬁthhﬁdrmdh conpound
according to the formula M‘(X*)zgerr] g or M*(X*)[err] X n wher ei n;
M is titaniumor zirconiumi e £ 8% ormal oxidation state; 35
M* is titaniumor zirconiumgint 4xformal oxi dation state; and
X* is halide; with a djanionic-salt corresponding to the fornula:
M[err]LzZ, Wﬂ@feﬁj,n : o

20 M is titanium or zirconium in the + 2 formal oxidation state;

‘Lisagroup containing a cyclic, delocalized, anionic, n-system through which 'tho
group is bound to M, and which group is aiso bound to Z; .
Z is a moiety bound to M via a g-bond, comprising boron, or a member of Group
14 of the Periodic Table of the Elements, and also comprising nitrogen, phosphorus, sulfur or
25_ oxygen, said monety havmg upto 60 non—hydrogen atoms; ’
Xisa neutral con;ugated dlene. optlonally substituted with one or more
hydrocarbyl groups, sald X havung up to 40 carbon atoms and formmg an-compiex with M;
Xisa neutral LeW|s base llgand selected from amines, phosphmes and ethers said
X' having from 3 to0 20 non-hydrogen atoms; and
30 © nis a number from 0 to3;
said process comprising:
1) contactmg a metal hahde compound accordmg to the formuia M*(X*)3X'n or M**(X*)aX'p,
wherein; _ o '
| | M* is titanium or zirconium in'the + 3 formal oxidation state;
35 M** is titanium or zirconium in the +4 formal oxidation state; and
o X is halide;
with a dianionic salt correspondmg to the formula: M'aLZ, wherein;
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the formation of catalytic derivatives of the present coffiplexes, the diene group, X, may
undergo chemical reactions or be replaced by another figand.

25 The present titanium and zirconium compilexes contain a neutrai diene ligand
which is coordinated via n-compiexation through the ditne double bonds, and not through a
metaliacycle containing o-bonds (o-bound diene) whei&the metal is in the +4 formal
oxidation state. Such a distinction is readily determinéé by X-ray crystaliography or by NMR
spectral characterization according to the techniques &FYasuda 1, Yasuda il, and Erker, et al.,

30 Supra, as well as the referentes cited therein. By the térfh "n-complex” is meant both the

I donation and back acceptance of electron density by thé ligand are accomplished using ligand
n-orbitals, i. e., the diene is n-bound (n-bound diene}. &

A suitable method of determining the exXtence of a n-complex in conjugated
diene containing metal complexes is the measurement 6f metal-carbon atomic spacings for the

35 carbons of the conjugated diene using common X-ray éfstal analysis techniques.
Measurements of atomic spacings between the metal #8dC1, €2, €3, C4 (M-C1, M-C2, M-C3,
M-C4, respectively) (where C1 and C4 are the terminaI carbons of the 4 carbon conjugated
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Kruger , et ol po QTR d difiSniufh 1A% iePdfordiRRlatoRgheYasuda |, Supra,

di scl oset hese techni ques ngut shi n between n- bound
conpl exes and net al I%TGV@F'Y%!V- C°'“P|GER§|°€M%W¢SBW ipyentian whengin Xsa epnjigated diene

co ”3' e? es. |{| tthe form o{ a n-com?lex Iﬁﬂ]{lgﬁﬂﬂ{d -Pﬂ&trﬁlﬁls dxﬂiaﬁoh ﬁ!ﬁ'ﬁé E&ltﬁ?ﬁ uﬁg 0
conduct eg. a eratures from 0 re rom
OG0  or 25 Crucleal Fagede FeaRATCL PR PR IaES ThF FRLROE S HEh Bt o Bkt

are aliphat I'cmgemet amgmmrmw-mmsmdnuxmuyumrmmsthesemus and
cyclic ethefs e chnﬁf&@ ta&:wgvg%e%&ﬂ' tgmur@'EGmeem%nﬁ %eﬁ]ﬁkﬂhc

hydrocarbons such as’ |1 sobut a
coordination or g-bound diene complexes.

. The reactions of this invention may be conducted attemperatures from 100°C to
30 300°C preferably from 0 to 80°C. Smtable reactlon media for the formation of the complexes
are aliphatic and aromatic hydrocarbons and, halohydrocarbpns.ether_s, and c_ychc ethers.
" Examples include straight and branched-chain hydrocarbons such as isobutane, butane,
pentane, hexane, heptane, octane, and mixtures thereof; r.ycllc and alicyclic hydrocarbons such
as cyclohexane, cycloheptane. methylcyclohexane. methylcycloheptane, and mixtures thereof; .
35 aromatic and hydrocarbyl-substituted aromatic compounds such as benzene, toiuene, xyiene,
.and styrene, alkyl ethers having from 1t0.4 carbons in each alkyl group; Cy.4 dialkyl ether
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tane, hexane, heptane, octane, and m xtures thereof; cyclic and

cyclic hywossarrgsins such as cycl ohexane, cycl ohept ane, pCT/US95/14189
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g al |S|nth§ formal oxidation state wtth
cohventional ¥ d?ﬁ?*ﬁ@'ﬂ@’é?ﬂ'?‘"%ﬁ'g 25Ny Moreover, i 'BP P?fﬂ’é%%?'ﬁbqs’r‘mﬁﬁa‘lhgarrs
h as Hg/ Nereadtiok/shiandddesdinG @bilar amﬂ:q&t@ﬁeéfpeda@fﬁﬁdbmmhthé st Treferabiy

hct I t | K t
cipor, “nost (HaPyetEp sbishiaudh 5P B dipech P ine (I afen sias The Erghard
i met hoxyetrheevet(sum;veiylsnlublsclﬁhlsdlmmrshemmomdolvents. espegigihynt i s

regatively, quﬂwcﬁboxﬁlnﬁvlﬁkﬂ @H&a‘@fea&&ﬁs m&gl sﬁ\gmﬁnssa% r‘éminrfly insoluble, to
eseC|aIIy 13’5|¥%{0car ons, whi nard reagents and neta SEPY

br oducts a torecPuenF ?ﬂ%‘ﬁFﬁ[ﬂaé“""ch“ uct. he ysed to recover the desired
refction product. Allofthestepsofthereﬁktllorﬂﬁaﬁﬂi@:eﬁbﬂﬁé‘d lﬁfseddéﬁcer:ﬁaglh?l@'?ed@ be

oy f d I h f
er o at o ‘EPRIRE PafodsjRoftdifsbeurs oS rrnigen e arge s, °
er ci al p rcammiessial BfaCtlmfmqmeess Thé eecovernonrecegdurs wsoaiyinvolves sephitayion nfavhkeves

separat | Ogaofreshhﬁlgagt byprodilctsan uﬁ a&e@tﬁémﬂ%ﬁe@}Qd gQJo?ﬂﬁksﬁgonQﬂME&mn

rgagent and devol atilization o e reac
tioned, exmedin. |‘%?rPW‘6‘Ya"§'é'eB?ﬂia¥f9“§e'F M“WB{PP‘/G%C'QMMH&GM-
hipghly desi r‘hfbhlydesured The rel ative amounts of the respective

ents are not critj cal o the ener al | i chionetric
a gnt s are enpl oyed | he "Q%‘g'g W@ﬁ'“dﬁ@’&?’iaffn"“ﬁy%@c‘%’ Progessput

the 1 otnarPeneafl *"é%"m’“ﬁﬂm‘?"f?#ﬁ%P%ﬁdﬁ%&b&%g%ﬁ%ﬁ%&mﬂiﬂﬂ%@g”g
bunt  of di é?mweﬁ@éﬁsamsw qf segal bplidesp pe ponvarted, depgndinaranthe farmal oxidetion

1, pref er sdateofithe inteimediate rétbihaliad rnhl arholift ok Qiehe ré‘agewsw.s b&sirkhi@in a
punt of interne eut r al

" bases. MR Eehe i 1o A a0 S Rtsbakly i maper et rom it g gpmmsred o - 1
, & di met hoxyemhmf(rﬁeﬁ)e,dtm metd camgexiy| et hyl enedi ami ne (TMEDA). The
T2 o D o gy oy gt S ).
G} gnard add{f&F). 1.2-dimethoxyethane (DME), or tetramethylethylemedlamme {TMEDA). The Grignard
complex (either the derivative of -LZ- or of the n-alkane) may also be in the form of an adduct,
such as the DME or THF coordinated Grignard adduct.
In the optionai oxidation step performedinthe aiternative embodiment of the
35 invention, any suitabie oxidant may be employed. Preferred oxidants are halogenated Cy.1p
organic compounds, especially halogenated C,.1g alkanes; such as 1,2-dichloroethane,
rnethylehe chioride or chioroform, which uniquely undetgo one eiectron oxidations
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In the optional oxi dation step perfornmed in the alternative enbodi ment of
the 35 inveg bﬁiyéf,any sui tabl e oxidant may be enployed. Pr e?,eai-f(@gs, gdants -
e

are hal ogena err] organi ¢ conmpounds, especially-ha ogenat Cerr] *
al kanes, such as 1, 2-di chl or oet hane, - met hyl ene chl oride or chloroform
whi ch uni quel y undergo one el ectron oxidations ' WO 96/ 17857

PCT/ US95/ 14 irggrporatingjonlyshebalige oraypdnto phemetabiomplexg Hen gf sudhthglogreatederginic

conpl ex. w%x.asnéuﬁhqshﬁhemmm&ﬁcm.ﬁsp.A.mlad@nts in this nmanner
i sfurther disclosed in EP-A-

conpl exes- can cont ai HawHha 'i‘é ‘W%‘Fi“’é fogtaln enjuene ‘Hﬂﬁ‘&%ﬁ’ﬁaﬁe‘h“'ﬁm& nded
group, it falbonded groap, itFollowsthatsd argd; singly ot mcmlalbaﬁmtcannotmmpnma conprise a
5 cycl opent -bonded group.
Preferred ‘ %@)(%gr éﬂ%p?dyoﬁ%%n%'c@%sl&glr'%ggr egh i’ ding to the present

i nvention corr espondPreterned metal conrdination complexes prepared accordmg tothepresefiterr] 10

wherein Z, MvamibrtofreSpond tdth@¥ormiutd:y defi ned; and Cpis a
C[err]H[err] group bound to Zj,and bound in an [err] bond| ng node to M or
I's such an [err] boung/r up substituted with fromone to four
substituents independentl y.cpelectypd fg om “hydrocarbyl., silyl, gernyl,

hal o, cyano, .and conbi natlons thereof sai d substituent haV| ng up to 20

nonhydrog?J%nmtetyifsz wﬂtﬂ)ombﬂmhbysjydyime&ranﬂm pai rs of such subst i tuents
together forma [ [ have
a fused ring struct ug§ E!H.,'H&Upon "Q¥Af9"q\% %Bia EQX%%%H cooﬁ%s'sc tion
conpl exes paep&bmdmﬂbﬂgmdwﬂmérqmQ!mntfour substnmemncbnemnﬂwm fraon t hi

formul a: rr dr[a@ir&]l sily erMﬁeﬁa‘?& Bano, and combmatlonsthereg saﬁ%ﬁbﬁﬁ&'&k‘ﬁ&ﬁt@@p 10S
I ndependent ec e rom r-ogen, hydrocarbyl, silyl, 25 ger rry hal o,

cyano, and a%mmatqgsnstomﬁea@wt'ogﬁﬁvoowor RYR Pt °ﬁ?5"'ﬂ W%”%Wﬂﬁ?g M2 ons,
and opti 61"163% ;(,hyafagaremeﬁmopﬁ.ltﬁaewcaauﬁmc;smawsmmgtsagemher each forma
C2.10 ydr ocar byl.ene

structure; MERBr e"g?meIal &r?g‘g' aﬂ"lé?}enﬂ %f.-cﬂg’éér?ge : \é%éﬂrégbzt?'eg%l ene
group havi ngwgrpttqrt;osesmqtmwrfwgmh atoms, which fornms a n-conplex with
M 30 Yis -0-, - - PR*- : - Mis
titani umor zirconiumin the + orI atlon st at g;

Z* is SiR*[err], CR[err], S R*{{errr] CR*[err]CR*[err], CR* = CR*,
CR*[err]@ﬁ’R*[err] or GeR*[

wherein: . .
R’ each occurrence isindependently selected from hydrogen, hydrocarbyl, silyl,
'25 germyl, halo, cyano, and combinations theréof. said R’ having up to 20 nonhydrogen atoms,
and optionally, one or two pairs of-ﬁuch-substituents together each form a Cy.19
hydrocarbylene group, thereby causing Cp to have a fused ring structure;
Xis a neutral :14-bonded,' conjugated diene group having uh to 30 non-hydrogen
atoms, which forms a n-complex with M; '
30 . Yis-0-,<5- -NR*-, -PR*-; _
M is titanium or zirconium.in the + 2 formal oxidation state;
Z* is SiR* 2, CR*;, SiR*SiR*3, CR*2CR* 5, CR* =CR*, CR*,SiR*,, or GeR*3; wherein:
R* each occurrence is independently hydrogen, or a member selected from
hydrocarbyl, silyl, halogenated alkyl, halogenated aryl, and combinations thereof, said R*
35 having up to10 non-hydrogen atoms.
. Preferably, R’ independently each occurrence is hydrogen, hydrocarbyl silyl, halo
o.r a combination thereof, said R’ having up to 10 non-hydrogen atoms, or one or two pairs of
adjacent R’ substituents together each form a C;.1¢ hydrocarbylene group, thereby causing Cp

-6-



P

st

each occurrence is independently hydrogen, or a nenber selected from
rocar byl , wi deyihgs7hal ogenat ed al kyl, hal ogenated aryl, and gepp WolslS
reof said R* 35 having upto 10 non-hydrogen atons. B bMAz@
ferably, R independently each occurrence is.hydrogen, hydrocarbyl,
yl, halo or a conbl nat,j,on thereof, said R..paving up to 10
“hydrogen 3Q baye a fused sin f?ooMﬂﬁlpr%fe@P'Y:R is lqdymemetw etosropyhdty,

Sté /h i r7 8??0 h péﬂ&ﬂh&yq:ﬁdltidmd\uﬁkr@ SSpreyhiE 8l Qérﬁb’d@}, MSE&QY:VGBH&W Hoftdrnyl,

/ US95/ 14188en2Yh of Pheny! or ang.ortwp paics ofadiacent R, ﬁ'&ﬂfF%"t‘ tgethepsausathasntire GeR's
hydr ogen, gumupytb be an ingenyl, peteahydrointenyl] flucrenyl, tetpgilrpFiuolagytydr octahjpdrbldi ng

re appropr oners),; cyclopentyl, cy€¥ohexyl, norbornyl,
zyl, SJ)p Jg%r%nﬁrgl‘ndﬁz ortwo pairs of adjacentyR substituents t oget her

se t he entire Cer rﬁtﬂhermffferablv.aﬂmw of &’ Qeﬂ*anan elettnopidonating moiety. By the
rahydr oi ndgmml- eleHréW&ﬁﬁiﬂlg ﬁﬁﬁilﬁhﬂﬁrtﬂé IInUQEﬁQ%re é?éctrgﬁ ha{WJgQEan @drc]@geﬂ,
ea

orenyl gro Furt her prefernably,
R* is an eldtghly Brsferphivyi "ﬁd‘i“é‘?%?“ oBphqspaorus =°ﬂte'ems"°épéemsaﬁn%amhng
meant t hat fdrinelamﬂmél-prPm"m)nherahaﬁsrmnommarbyg t han hydrogen.

oSk P 1 2o R g S i A RO
rocar byl . n%b4-diphenyl-1,3-butadiergy ahPrimethybf SMauﬁﬁne. né-g4-dibpazyl-n3ibutietiene;

], 8- pent agi-£Rginokl 3h Y an -
1.1, 4- di Sﬁ‘e 'fO'LV uﬁdﬂa@%@%ﬂﬂlmethylsﬂyl) 1.3 butadsenet, llgntebmflghe']yl)

o RIS Lo 1 b b2 bt
r]-1, 4- bi s;(ALr.(3naéthykyahém;4aﬂheaymw-wtwfeee [err]-1-(4-t- butyl phenyl)

g T e R o S 5
t highly prresest thmﬂ agidesilane ot amﬂoelbnlpﬂdwk-aempom:mmmmﬂonget 0

pr esphulaNventi on ‘are ami dosil ane- or affi doal kanedl yl - conpounds
responding to the f or mul a: [err] Sy wherein: 25
s titanium fs| egé%. ¢ peq! adi ene, _
r] -2, 4- hexadi ene, [err] ,4-dipRenyl lene, [err]-
[ hyl - 1, 3- pentadi ene, [err]1, 4, but e}ql ene,
Fr]-1, 4% tol yl -1, 3- but adig? JM A’H"‘

S(trimethysilyl)-1, 3-but adi en R is hydrogen or
hyl, or one ortwo pairs of R OUpPgR 't ogétxher‘ cause the ring 30
fucture to be an indenyl, tetralgpedroindenyf, f4uorenyl, or

ocf ahydr of | uorenyl group;

wherein: 2

M is titanium;

X isn4-1,3-pentadiene, n4-2,4-hexadiene, y4-1,4-diphenyl-1,3-butadiene, n4-3-
methyl-1,3-pentadiene, j¢-Ti4:dibenzy!-1,3-butadiene;aé1,4-ditolyl-1,3-butadiene, orna-1,4-
bis(trimethylsilyl)-1,3-butadiene; RRE

R’ is hydrogen.br methyl, or one or two pairs of R’ groups together cause the ring
structure to be an indenyl, tetrahydroindenyl, fluorenyhar octahydrofiuorenyl group;

" is C1.1g hydrocarbyl; i E
R" is independently each occurrence hydrogen or Cq.10 hydrocarbyl;
E is independently each occurrence silicomr carbon; and

25

30

mistor2. - EO
3 Exampies of the most highly preferred méial complexes prepared according to
the present invention include compounds wherein R” is#methyl, ethyl, propyl, butyl, pentyl,

hexyl, {including ail isomers of the foregoing where appiirable), cyclododecyl, norbornyl,

.7~




R' is (Jerr] hydrecarbyl; R' is independently each

occurrence WOWSAHTASh or C[err] hydrocar byl ; PCE/US95/14189
i ndependent|ly each occurrence silicon or carbon; -and mis *
1 or 2. 35 Exanpl es of the nost highly preferred netal

I conpaunds
mgrraeleﬁe; plrsgenﬁ,g ?ﬁ ﬁ&sw, e{(ﬂ% :g,, kggge;hy&ugﬁe BF&%@&&:M rs\t.a@ﬁé &ﬁ-w@‘% cal ?% °l Hgl ﬂg

all isoners 'b‘?‘"ldﬁégf%'P nfpcligryl, sasmeé%%!?mé%whu@ecxutetr#mmmmm
-7- - flu\dalﬂﬁfeiﬁﬁﬁ?roﬂuorenyl or octahydrofluorenyl

PCT/ USO5/ 14189 - . ' - :
- di met hyl si | ane, or ef! F?ﬁﬁ’écyﬁ(ﬂ g'ﬁ %’?—P"('fb%ﬁ'% 1d3e?75%%ﬂ['?'?reg4'lhsé"adrif"ﬁohﬂ‘ed
group is scydlnipevlﬂaiibmdlbne t3smthvlﬁt3ﬁpém;dlérmpem¢hknmyl3-butﬁiamyh A-ditolyl-1,3-
t et rahydr oi Rgesiidne; 1 4-b|sftl'th'19ﬂ'@ﬂwn'-1 i Eﬁ{aam‘ﬂ rﬂﬁ-lt 'Bgfygﬂ\éhg)o Phengl -1,3- butadlecr];g T

oct ahydrof | .uor enyl .

1, 3- pent adi é?fé‘“'ﬂ""ﬁ'eﬁﬂk%mhw&’ 3'1’“?5"9"9'3“ dil xthegylbﬁpamyémé butadlene
3-net hyl - 1, mmﬁt.aaulemgeohéndtchmzuithafo?edwg?diemeaaantémdyE@&tu#zeé 3-

but adi 1,4-b t
1u( Z It egﬁt yl ph enIyIS§ ) j’g xes_l_aré %\ﬂerga f%tﬁlgy a@y actlve by combmatlon with an actlvatlng

(3-net hylip hquatélysﬂorpbyeuqbf-ah aﬁtth!inededamque a&mﬁable actlvatmg cocatalysts for use herein

1-(3- et hOXYmﬂa%%P‘énﬁb&Q-ékmln?alb‘M EF Bpecial ymet@lLluRggénteLt?nﬂ?Lutéapd

georret ric i soners olrn I.en eac
The conpl ex@imipgm F@Hﬁ@#@&twﬂ um’sqne-anr#ysoaetwamwne mnmmwmm suth asn -

activating t%maaicalbyﬁshbﬁﬁudauem 18kompoutit, leyﬁciamgm‘(mmmvﬁalurﬁmhhab.l e

t t |
o uroeancs, SUERRTPIBolRAPPaIRAR rioosrredspiRtye thersor. hevig Fom 108 11 g
met hyl al ygoxarbens ineadbihydmbarbylion halogenates hydtocarhy) graup, moﬁe@sﬁ&;allﬁ pérfiuésnated

hyd
O F (hyar o i AKorof biabondh, SHa ol Bod g SR NoroBRARARY. neneoiymeric
hal ogenat ed g8 famRatiblesnensepraimatingien mssm&oq m;ummg beeref sich each

hydrocar byl caﬁpamdembﬁd.zmudammmy Ibumremaouysm bRd &snitiifdtidh f the foregoing
perfluorlna nDSt es

tris(pent af tF%B’ PB%%??&%B%%@O'W%% urgpg'hg a‘t“’aﬁ"fﬁa‘f“fata ﬁ?lfgﬂ%Yaé'“g
noncoor dpgatechgjquesdiave beresripreyicsiypaughtieith respdetith di{jerehanmla:oablamhthe _
conmpounds uﬂﬁl%&v r@‘r’e‘fgrgrlcgg eb. ?”ﬁ'?tobé’ rly%)A- é‘g 43'76053& git‘%&q E%As\gfgq,ﬁgp(gb Iljlé %rlrtg ns

of the foregoing cocat a ysts an
activating ¢t wripkhie; 024547, 418), #539@732(}*‘1“6@#!'\#'9[%5 Seeial NopFESY 66BNV ERAS | v

taught wit hszmmm\k&n@lt& 0.8 simtal NiB?.t 6Y/382 060 FiRY Mayi1MsbBGnd us-A-Db 720860 ke
ref erences: .  EP- A 3, US-A US- A- 5, 064, 802, EP- A 468, 651

0 53
(equi val ent tea‘h'"?scf’fﬂh' ai’%’éﬁ'f'ﬂl'"‘kﬁ?" ?%W?’ef/eﬁ!)e EP- A- 520, 732 (equival ent to
U S. Sepsal No. 07/@nkitGidns ofisktorg Lewnsacﬁﬁ&sﬁé&&ll{;ﬂqmomhinetﬁﬁmfﬂ S. Serial

Nos. 07 B2 1tk odanc S 3R 03 o albil Hunan  RASLIERES O

whi ch are herer'n 1 ncorpor rence
of strong L¥ilhydrecarbyboreg pelapwnd}'amne fronvidor18.carbensin eagh hydrocarbyhbtoppal uni num

conpound ha!dp@&alfy&ﬂﬂbé‘nt&ﬂ:&oﬂﬁhﬁfﬁ%‘iadenfu&?teﬂoﬁlbhiéboﬁkrd?U&h%ﬂnﬂm f[Enat ed

tri (hydroca oron co un avi roml tg 10 .carbo i’ n eac
iyl ovar by MPIERIWI 2 PoEEBGE AP gmet AyED A BTBIIRGT SNSRI era Lo

conbi nat g nacid)lespediatly Sis@pemsflucropisengtibatane withna pdiymerix onplidonserigaluyrioksnearer

cspaci al 1y EpHERKAAra RIS T B ol yrmer 6. or ol i gomer | ¢

al unoxane are sTﬁesatalwtyaraé%qur@'%é inthe Pﬁ@"‘&ﬁ@é‘?& p{/aletins according to

The cat al ySkrovH Bedier.NAt polyeHzatidi tonditibhs> ESfRciINBkitéddre PBlymeriAdtighi NS

according to temperatures from 0-250°C.and pressures from atmospherlc to 1000 atmospheres (0.1 to

35 100MPa). Suspension, solution, siurry, gas phase or other process conditions may be employed
- if desired. A subpert, especially silica, modified silica (silica modified by calcining, treatment

with a trialkylaluminum compound having from 1 to-10 carbons in each alkyi group, or

treatment with an alkylalumoxane), alumina, or a poiymer (especially pol};tetraflubroethylene



wn Ziegler-Natta pol ynerization conditions. Especially suited are

yneri zat iwdo¢r178sf enperat ures from 0- 250C and pressures fr gporaisssssger i
1000 at nospheres (0.1 to 35 100wPa). Suspension,. solution, slurry, gas

se or other process conditions may be enpl oyed if desired. A
port, espeC|aII ified silica (silica nodified by cal cining,
at ment lef’l) ﬂﬁﬁﬁﬁﬂfﬂﬁ? AnfAeARY b‘%ﬂ“’l‘f’cﬁﬁ’ wen F’Urﬁ'"?'yf% aresedhinidonss

each al ky Igag:r!mqmr sturry polymierizstionpindcessi The sapport i€ prefbrabiy empyed il anEnidant OF
ol ymer ( e?@%@gé%%g%ﬁ@f @.‘ItLHRr(@a%JWn r%@t%l).support from 1:100,000 to 1:10, more

/ US95/ 141 8ferably fromgl:5(,0804p |} :20edridimyostprgfasablyfrpmdy P00 amit38lesi rabl y i s
| oyed, gwhen the Caﬁﬁdﬁﬁ&yiﬁéf&aﬁ&?ﬂahﬁnﬁthe mokargi‘t?o MTyspﬁo!%éﬁ{axle

mer at on_proces preferab an_anount
);;r ov: éle :31 ‘tﬁﬁ‘?‘ 'P¥Fdd?fsﬁ'§5§ y‘stP’E’bé's'B‘UeBFFf?féP'éﬂf'PmEod bEfHo *from 1
0,000 to 1: 10, ntBuitable solvﬁltefoes'omhidﬁ pblyﬁmdatldﬁﬁ)aﬁ%nidbr&nﬁﬂrg, A liginal.
ferabl yf g ggﬂiesjrpdm%g' gﬂt a%% br nch d-char%pcg%p%such as |so%ir5aﬁgotﬁ;rﬁm I zation

ctions thé ar rati o cat a
| oyed is Pen;melbf’@nﬁ]hemnsmmpmd]ml&turetM@eq)‘r eyklizrank laljcytlicdwurbcdrbensrsiichl

1 Oferg 4 askyclohexane, cycioheptane, methﬁ&klt:ﬁ@aﬁ W@Elﬁhéﬂﬁné&&&hﬁﬂa thererfd de

ynerizaltions are noncoordinating, 'inert es 1 nc
ai ght andPefuerinated hydeaca '&&%ﬂ?ﬁﬁ'\‘@'@a@ﬁ an 5'?‘5%@"5&@'“%@&146'“‘-

tane, hexabsitutepbanttic cOMbonRis swdhGs Bengkhd, EstudritesiDiylené ySiitaBledéidents also

lic h  oh
ol cycl onDeAREfaUd e al s SAFord i omPAmar GFGIRG ethyiene,
f 1 uori nat rrapyient: bbutdpetuntidiere, oslopentehe) dthexmreciimelhyl-1-pentahd amesthyland
mat i ¢ &”&:é’i‘&&r\é' T4-hexadue$|@b§$ét$&ét Pde@ing ’I?rérfe &%ﬂ?ﬁg&f}gg ,gw]ge,ggng)enzene

uene, 'ene. Suitable solvents al Ol efins
chh may afay ta&*enbﬂmgs Htiseronrpelongerdn ?mm)r@wexiwloémne,and
pyl ene, Jmmaamubutmﬂt@mftm}@ae@wsosbrtktﬂxene 3-net hyl - 1- pentene,

thyl-1- 1
i nyl>/benzene, aFF;}’ﬁ%ﬁ‘}'&ﬁgﬂ'ﬁ" Wilfy %Eieffafﬁhﬂﬁﬁt?g 'Wﬂ%?’lfgfcf?ée‘gfl'ﬁmf’ Fs
ne or i n pralticed inrthg absdnceiofiphycpoipohentevhich hasdot been spexifigdlly distioded X Having
tures vﬁ%f Je?ﬁxbgﬁ’ﬂfegmeﬂg ltﬁl&négiatnﬁ:%s pro Jfﬁrther lllustratlo-[lgﬁer% $drged

i san reC|atet e I nvention
cticed i rfre m;tabg EqEtruesd asamit%rkbuﬁmmrmemsrrmeﬂ pastsgnd permtamhrey
cl osed. Kaplersgd dRaGRidhtbidd the invention the follow ng exanples are
prpvi-ded as FEurt'hgr illustration thereof and are notto be construed as
lignting. U €dtated to the contrary all parts and percentages are
expressed orPrepanatioglof (thasylamido)(tetraibethybhBcytiopentadiBiyt)dimiexhylslaneftanium 1,3-
(tk butyI h&tdpe%amat hyl - [err] cycl opent adi enyl ) di net hyl sil anetitani um

B- nta

1, I ene
(t} but yI am @o)f(qnewmwmwmpwmwmw-wdmmlmeammmomam. C
hlipri de and n-sumgdtinBefilbing bMEr €f | uxi ng DVE In an inert

g{ Tr)ff r,\‘/g{ o ?i gYE/eF gﬁnm 2 %pﬁﬂqeﬁ ?lgyerl%ox. 4,25 g (068 mmol) of CsMesSiMe;NCMesTiCk,
(} - butyl a;rﬂmy(wmldﬂttetrhmmybﬁ@domﬁqimﬂ)dmeﬂm}sil)rd!tummHkhibﬂﬂe)bna;;anl um
I E ori

s sol gﬁ [ gﬁﬁm\éegq"tggﬁgﬁoo\fg% dn@%gg’%émne%mé & %\%@iﬁgﬁﬁ F&% en% (Pﬁowed

(
d
t
by 1. 02 niL &mal) ofi i-memtariens falldwed by i @tmfz(m@nmﬁbnﬁ-ethvlethqmomq)r e's
C
r
\'

or chang@fe infktired €516y &Hﬁﬂ@&‘i@e@é pur-ﬂlQofo? aﬂfe'réﬁhlﬂi‘t Kﬁa&'ﬁt@ wWiis Redt€dfdoqefid0
L}[J i( | e mf{%rﬂngﬂgurhg g:@ger}i t%%?f'lb?ednt g:e?npaeg;%l I%QZO" gﬂB Yatl?e ateLlais ;e]vae g" dt he
under reduced pressure. ‘The solid residue was extracted with pentane and the extract filtered.
35 The pentane was removed under reduced pressure leaving purple/black microcrystals of the
desired product (Formuia A), which was identified by 1H NMR analysis. Yield was0.21 g., 84
percent. -




under reduced pressure. The solid residue was extracted with pentane and
t he extractwi,i,&[%?gqad. 35 The pentane was renoved under redugped oSN €
e

| eavi ng pur pl ack mcrocrystals of the desi.red product (Fornula A),
which was identified by [err]H NVR analysis. Yield was 0.21 g., 84
percent . _ : -~ -9-
PCT/ US95/ 14189. ©lerr] [3 Si(GHzh2N-C(CH3)3
opent ad/enyl ) di net hyl si | aneti tani undi c

(t-butyl am do) (tetranet hyl -[er

hloride and - n MyCl- gHRr BME (at)4 i 10 - The
reaction conditi og?uof ExaHr?pI--e. ._re s.ubst-:"zlih‘_t‘i"al- f{lgyépeat ed excepting

that 0.5Q g. (1.36 mmol) of CeryIMe[en3Si V] eclcCMe[err] TiCl[err] 25 ni
of DVE, 0.68 ni (6.79 mmol) of 1cgs -~ penw#di ene and 2.04 mL of 2 M
n-BuMyCl in diethyl ether (4.07 rrrm‘?) were UGB, The reactants =~ were
conbined in a Schienk tube,. the tube was. seal ed, renoved to a Schlenk line, -

.vented to a | ] ' oM ki . Al ' t
20 Torr] & APt from{ bR QRSN A% chdBpeh a8 nl iAlnpllanaluiisdcriad ity o
resi due was PBuMgfinRMERt4 *Gent ane filtered and recovered. Product
purity }Njﬁq extr enmel yTru rédtion tétiditions of Exampled A wetré sutBtaffilly repeatedCexcdpting

D R A T o of Eofhe SRR BT 5 L o BMESS B td A ) i ©
r ﬁa;:t i)o 2_50_ 0 @dﬁfag_isane and 2.6axmDpd m_h?minﬁé:mlaha (alo¥ ynniotyvesté askde Xiserehdtangs 20
that 0. , ; | : )

di enyl ) di ngt‘"%% St o Senk b e 3’93‘83‘8%‘;?#}#‘5‘}%5]‘%{3%%%@{& e (
1, 3- pent adi ®itengenhublieind immersed in@p of hatheaintained at 49 Ilp&ftenpodioyessbe tubel t he

E 28[02 'r g]n éﬂ Wat'FRuried tothk bfyBEx, Whelethe fesia@elivas @étracted withipeRtahé ARBIRE 8AdIT ©

. Product_ purity was extrepel "h:iﬁgih. . Exanple 2 25 Preparation
of (t-butyl é?FPWﬁ-tPé?Q‘&Fr%‘!WW?f%‘F'FI"-eW’bﬁ 9 wat &319-) GiPSEERY | si | aneti t ani um
1, 3- pext édmABbutylafido)(tetrahiethyl@f-ticiopanthtienglfiimethidsilsy &itaninmdizhioride agd. DIVE
In an inert ¢ ve box, 1.0 g. of N
Clerr] Me[er ﬁwgﬁ - _[%r r] MJC'J errJ* m DVME-~ ~“having an effective
nol ecul ar wei ght by Therreastipo eongitions of kxample 1Awere subs@ntiallysepegtesexeentinoa 100

20 that0.25 g (0.68 mmol) of {t-butylamido)(tetramethyl-nS-cyclopenta-

dienyl)dimethylsilanetitaniumdichloride, 0.35 mL (13.58 mmol).of 1,3-pentadiene, and 1.018
mL (2.04 mmol) of n-B UMQCI were used and the reaction mixture was stirred for three hours at
ambient temperature (20°C). Product purity was extremely high.
Example2 = . e _ _
25 Prebaration of (t-butylamido)(tetramefhyl-n_s-cyclopemadienyl)dirriethylsil_anetitanium 1,3-
_pentadiene from = . L '
TiClz * 3 THF and n-BuMgCl in refluxing DM o
in an inert atmosphere glove box, 1.0 g. of CsMe,SiMe,NCMe3[MgCl]; » n DME
having an effective moileculat'we-ight by titration of 514 g/moli (1.95 mm_ol) was placed ina 100
30 ML flask with 20 mb of DME. TiClze 3 THF (0.72 9, 1_.9__5.=m__mq_l).wa§ added and the mixture stirred
. for 15 minutes. CHxCl, (75 pL (1.17 mmol)) was added causing the color to become reddish
brown. After 30 minutes, 3.9 mL of_1,3qpentadiehe (38.91 mmol) was added foliowed by 2.9 mL
of 2 M_n-BﬁMgCI (5.84 mmol) in diethyiether. The mixture’s color changed to a deep purpie
color. The reaction mixture was heated to refiux for one hgl_lr_ then cooled to ambient
35 temperature (20°C) and ;hé volatile materials removed under reduced pressure. The solid
residue was extracted with pentane and the extract filtered. The pentane was removed under
reduced préssure leaving purple/black microcrystals of the desired product, which was
identified by 1H NMR analysis to be highly pure.
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3 mLflask wwth 20 nLof DVE. TiC[err] 3 THF (0.72 g, 1.95 mml) was added

and t he m xtwo®6/31857r ed for 15 minutes. CHerr]Cl[err] (PCHwSSHdIgd. 17
| )) was added causi ng-the col orto becone reddi sh- brown. After 30

mputes, 3.9 nL of 1 ,3-pentadiene (38.91 nmml) was added followed by 2.9
of 2 Mn- Bul\/gCI (5.84 mml) in diethylethgr. The mxture's col or
chianged to akE urple -¢ol or. The reaction ni’xture was heated to
reflux for onﬂgbetalleRrbﬂ?aﬁ@df%ﬁtﬁaﬁi&b(ﬁﬁan%hﬁ%toﬁme (20[err]C) and
t
;

| atil
 due- s QPR SREBRns 3 Benta S FonRich e RE el Lo ane
renoved ahﬂepafatlonﬁe'ﬁ@lvehﬁwsure | eavi ng pur pl e/ bl ack m crocrystals

off the degired prOdUCA10M‘thﬁlﬂeﬂﬁ%-‘l)wnﬁﬂ@éﬂ%gdn?éﬂ%n{ﬁ%k Mckj&@d’;‘{@“o{us' S
tof be highly pure 0

Wd 96/ 17857 9asket, clamp, and stirrer components (bearing, shaft, gt paddle} was set up in the hood and

T{) UtS9|5/ 14 éﬁ&ged ;mth nlttroﬁllﬁaﬂfﬁd riecks weire equnbﬁa’@e fohBis sstifecddfipohérbwefe located

L bu am do rane r

By ) et RS e bREbectane it ey Seclibadsdenoccptifantsr connarithgaginigyiouatyan
BuMpCl inlet#yr sBiventar thermerogple TangG B stappkr, tespediivgiiD\DTy, debxygenated A
L 9' asg, kﬁ&ﬂ&ﬁyo&ﬁ‘tfﬁne‘%h’@) WhdbaBed TIRE ﬂ%k*?%p‘r&%?ﬂi Y&he%rmg lsfzbs%sirgxg

asket , and stirrer COHDO e2ﬁ§
dI e) was yeiwerpﬁmn'fw aqualiring rewder additionfun Hf‘m"@’r‘ﬁijéﬂppeﬂh@%e#(s
e equi ppeflomthé e:lybwfsnd ﬁﬁtlornrtﬁé rea aNNe el if pi&eééhh@ﬁaﬁﬁd The rcnmastdaaed

o K. oSS MBS ey b B e Bl

pect i vel yuseBrywashetbe regtofaheTiCl; il therﬂi!slhymeyldﬂmamﬁmﬁ%)s replaced with a

acaed ot NGbh ank WOk Hure festedlo rehtl. e MikPaifedttorfipdbie T CHL Blue] e

|gh I nto an I ZI Ng er a |on
ped, renpwixgure was hﬁ*@ﬁﬁ‘-’r Hh‘“ﬁ ﬁ?ﬂ@%“ Bives then copled tasopmaempespture: tﬂ!q Se’“I’ was
ce of thaloWeaROSdttle, IhethEl sipdrRitaht Wasdedd &S roth the soNE Tha BRiductl Biciz« 1.5

uteswith rin fter theadditjon was, conpl eted, additional was
d to wash '?"%g?e ﬂf‘l’f@’*?’d’f@?@"ferﬂ’@dthe flask. The -addition funnel

r epl aced)\Rirdgaratioh®of [(Megly)Sime NaBUI[MgCH),mi xt ur € heated to reflux. The

or chgznged from DLH:,KH s?k&aL fﬁegl\nki& quInﬁ\o#nteﬁ 3?11?&%& %%cm e%flgr? r

ut 4. %%ours. It was en co00 ‘the s
owed to sgasketeclaram@nd ptirres cpraponentsibearing. sbe%aniﬁ*‘eaddmm satiyp trstbmheodm

duct, Ti QH: d With Aitragen. Thehiebdvad olmh &ﬁﬁnaﬁ%akefnea@ afd PR dut

¢ L e S

ve, 7- necdsehmduplé,ea‘numppers resgecsively., Tmlmr%d’aﬁdwwlﬂzsmonent S

211 19,5 e Al Sl 331 ool LI A2 2 i,

rogen. 5The stirref e center ne and t he
er zlethsntTd\emmyrwmwe*mm,. and the etheiiallowed ty beit dftinto atrapicanled

pte g: . V;f%efﬁ:ga@'ﬂh .g?gnhémeoupée temp\t/e\nh:?iri] 52514&1 aema,amm%# 8RR 2 hours of

Do | G ortiepipgs ARPE TS abiPa e aie hetier Wastarsy oF andME wpspeer tothehoton

7 kg of Jtitrird solullibhy&iulting in the prekimitatioh of fiwhite shifid. Thettixtuee washéreireatahit ed,
the efhey al f 4 Th

or fhg’P aﬂ\tFQW?g\eF&r@t Hm.%offséJ&tagyd%efdftﬂ&e?&%g%go alh .fr fter oE\ e

ure reach a haxi num o our
he atalinged m m&tognem semparatyre, themateriad w:ealtw\msetw nawé'éheéwem%ﬁaat DVE

wap added t Quislagcdhdd from the selidt.' A sHditfdHal\vhshvas BSMytaHBﬂg 'téluérﬁestxmng for

prcipitation of a white solid. The m xture was %nq
several minutes, allowing the solids to settie, and decantingt e toluene solutnon The product,

[{Me4Cs)SiMezNtBulfMgCl];, was left in R-2 as an off-white, solvated solid.
35 C) Preparation of [(Me Cs)SiMe;N'Bu]Ti(1,3-pentadiene)
The materiais in R-1 and R-2 were slurried in DME (the total volumes of the
mixtures were approximately 3.7 L in R-1 and 12 Lin R-2). The contents of R-1 were transferred

Pq
(t
di

n_
1

t

p

TR T OIS NOT OO

o
=

into R-2 using a transfer tube connected to the bottom valve of the 10 L flask and one of the
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30 again to an inner terrperattjre of 85 [err]C and held there for an

~addi tional Wwouwsu7sshe sol ution was al l owed to cool to rogerssRssiIgs ur e,
the material was allowed to settle, and the supernatant was decanted

fromthe solid. An additional wash was done by adding tol uene, stirring for
and decanting the tol uene

several mnuges, al.l ow W%Jo*l‘% ds to sett]e,

sol ution. Thi*a5.°880fagsint (ﬁé{ QJPFFCTaé'F'P? mategial iB R wasayashed avenmmg] [err]

was |eft in #iditienal BMEoTife-mmuredarbaiedameklymidép r&anG):vd%bﬁ,paAﬂérlsor.}mqjtes
Me[err

ol ery L orahh ot kil Mdiliolgn FaBpha BBE eruting na ol sngess ¢ e

m xt ures \/\/er%"&"ﬂbf"d‘m itespRProximately Zhomrs; 649rgpf1;:3-nentadiqRedyas addesl, fotinwvedibys  Of

R-1 were %ramélegdfedn nBuMQ(tl‘irﬂTl-ﬁ' ahuﬁ.imea,amanﬁe‘&ubdétaﬁdmm? to the

bottom va veto h % h\ ﬁ'( and one é
S11- emperature for 2 o4f5e Fhense prtﬁﬂ'{iﬁglyg Liof fql\ggkwaqqq@oywqqr YRguyrat eri al
in R 1 was wenriaeE (approx.53 ngavanablefmlaxxmmmca%)m?abﬁ‘emaaaw@ tﬁaﬁ&enﬂﬂs

Kl yt
s aced {HAC AR Ao ? 8B dobsisd H{UeBCE7 L otsopent e dng ¥ T or
green/ br own. "‘RPE %  adgledr Fhe matedialyvas aliwedso sestle thenthe ligdd [ayerveatidecantertinto
added, (?l cauaﬂaelayo L §las k@ﬁle'(RBPfTh@stH?ﬁlRmre W}sﬁﬁnth-rmltlphnéltl pr ¥ War med

to 40C an red at ature f hour s r'oxi mat el y

7.5 L of - so|’9 fon wasc W’&%“xﬁ’é’&"ﬂﬁ‘?&iﬁ‘t %ﬁ?ﬂUﬂx” The sqlveninR-3wassempeved unders | )
(avai | abl e fvacuanitodeave Ginediblael solii) V\)hm!ﬂGasﬁ'dfe&ﬂaaéwﬁdh isopdrige. thismkteridivas

e an JEngRi o Rstbidgl e RREGAL EGeactl bl AT Sion B8 el BROKGR o
settle, theritaniem| Thusitae yieid was mlmé@agl(‘eﬂﬂmnlv) ofl(MexCe5iMmNBRITI(1.84 ass

kettle (R;S)mnigh@nsph p@cénebﬁaaomg washed with additional | sopar E; this
sol uti on was conbined with the fifst decant-in R°3. The solvent-in R-3 was

removed undeXam led ‘vacuum to -l eave a. red/black solid, which was reextracted
wi th | sopar sﬁathes‘s'lfrmnegesTIMwMtoxndatudemafcenmgd into a storage cylinder.

Al a5t Sy TS e el
[ (Me[ er r] C[ dveightby N’E’Pfé‘?& L sfmqlmfrnlqcsd .2 100 midlaskite 20m|. oBIMBETICier3 THFas ed

on Ti Cl [ gprke.72g) waswsﬁlg"lo mL of additiénaPOME. fﬁ&ﬁkﬂr@?«&@s’hf‘r df r%Sm'“l:ut t hOUt

OX|dat|on u ry 0X

T(Me[err]q Z‘i"r"]g“;g e‘h Tw;']%tﬁ‘r’%‘iﬂ foliwed by6, "["é?fr?]M pRyNgklin THF. The

nol ecul ar colormngmtotaweep tedzgurple. Tﬁmx@bmis)mmmbacMrJ Atﬂaem@omq.sf | ask

\gldél |ht |28n gil_ gk?é%"" E{'Q"La%ru's wer§ r? Bl eg 4 c%é&)rﬁ 'ﬁssf"gs ﬁjﬁle 'es'guet ‘ﬁ%ﬁxﬂaﬁﬁd L
of 1 ,3- pentvidhi ﬁt?"%tbe metm VPQE Ififteredcandythe aewqmast@eMunemmced pressiife.

The ) 2§ Ok®leave FrdhsicSurbR/Hladi 861, Irﬁslimumls&aﬁhﬁfm%u{eﬁa catdd it foHd Jund g
one hour e materials were renove
under reducwp?iﬁ'%ﬁ&“‘?’ﬁ@?w%@w? yé% 73 peregts h pent ane, the

solution was filtered, and the. pentane was rennved under reduced pressure
25 to |l eave a dark purple/black solid. The [err]H NVR spectrun1of this
material indicated it to be pure - °

[(Nb[err]C[err])SlNb[err]NtBu]Tl(l 3- pentadlene) -The yield was 0.52g, 73
percent. 34 _ _

35
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A process Tor preparing*a frettal mconpl €x contai ni ng one and only one
clic, delocalized n-bonded group, said conplex corresponding to the

96117857 WO 96/17857 ”","lmmuﬂswﬂmsg VHAT | gys;yﬁ]:'gi s:

mul a: wher ei n, Mis titaniumor zirconiumin
+2 f or malWHAT BALAMEDIS:at e; L is a group containing a
i, delocal ized, ani Oighocety 1By Sreifinil¥rhltalLoiie Boriching ohd anbhlBnd ©
und to Z. ; Z'1s a

nd to M andg, | ch,groyp iis, also b o )

ety bound % @Y&%Qﬂgdaiaeﬂeﬂsrew' STRjeLrISIPonging o thefpEmulas G oup

of the Periodic Table of the #l enengd, and al so conprising nitrogen,
sphorus, sulfur or oxygen, gakd noiety having up to 60 non-hydrogen
DS ; 3 ' X i s d newtrMi— Eonjugated di ene, optionally

s;t)stitut ed with one or nore hydr ocar byl groups, said X having up to 40

bon at ons WERi%ormi ng a n-conplex with M X is a

itral Lewi s base | i giafétafmhfstbRbniuimtAi+R8smaPBRgRIbn e, aNd et hers said
nis a nunber

having from3 to 20 non- hydrogen atons; ., and, L. !
om0 to 3; sai d"'ﬁ?@ﬁ"éé?'&th%‘Wﬁé' %’Z?f?%?iwnéc'ﬁﬁmmFMPﬁ‘W@%Sund

coyres pon% Ngrdup it orntl @6 M,1ad which §reup |s also bound to Z;

Zis a moiety bound to M via a o-bond, comprising boron, or a member of Group
14 of the Periodic Table of the Elements, and also comprising nitrogen, phosphorus, sulfur or
oxygen, said moiety having up to 60 non-hydrogen atoms;
X is a neutral, conjugated diene, optionally substituted with one or more
5 hydrocarbyl groups, said X having up to 40 carbon atoms and forming a n-complex with M;
X' is a neutral Lewis base ligand selected from amines, phosphines and ethers said
X' having from 3 to 20 non-hydrogen atoms; and
n is anumberfrom 0 to 3;
said process comprising contacting a metal halide compound corresponding to the formula
2 /Z ’X'n or /Z \KX'n
L —\M**—- X%, L — Mk —Xx*
wherein,
M* is titanium or zirconium in the + 3 formal oxidation state;
M** is titanium or zirconium in the +4 formal oxidation state;
25 X* is halide; and
L, Z, X' and n are as previously defined;
with a free diene corresponding to X, and subsequently or simultaneously contacting the
resulting reaction mixture with a Grignard derivative of a Cy.59 n-alkane to form the desired
metal complex.

30 2. A process for preparing a metal complex containing one and only one
cyclic, delocalized n-bonded group, said complex correspénding to the formula:
y4 X' '
<~ \#
L —M—X

35 wherein,
" M is titanium or zirconium in the + 2 formalj oxidation state;
L is a group containing a cyclic, delocalized, anionic, n-system through which the
group is bound to M, and which group isaiso bound to Z;
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wher ei n, istitaniumor zirconiumin the +3 fornal

oxi dati on Siy@b&i78s7 ,J» Im tani um or zirconi p@piysed/fagset4
formal oxidation state; - l"l““"l"l"ﬂ"llf I| s halide; and

Z. X and n are as previ ously deh ned;* with a free diene correspondi ng
to X, and subsequently or si rrultaneously contacting the resul ting
reaction mxture witHhisa nietyhaund t9df vig apibped.spmarisiicharpn, 9r amiepber afGrour m

the desired 14 of thePenbdic Pibil ¢Pthe S6ments, and also compri%ing nltﬁ:g@ﬁ ?ﬁﬁoftﬂrsuﬁﬁle&ar I ng
a nmetal conplex con cyclic, delocalized n

n
-bonded gr oGY9eL:® 'E%'ﬁ%%?"%ﬁ?ﬁ’e@ d'?/yﬂffgfﬂaf% formil a:- [err] 35
wher ei n, X is a rigltral, ¢onjugatedrdiene, aptmoallnsuhstn’tuted Wwith on€or mereal
‘oxidation s | .
del ocal i Ee th%r%carml grour?s. ssausi X ehr%vm ?gﬁo%b%%lﬁgté}ﬁ%ﬁ fgprrﬁ%ﬁ‘n Sgrﬁé)lgﬁvﬁﬁh {Vlo
and which group is a}(gba mhLe@n@stgse Ilgandselectedfgmgyn_rmgyuosphmesandetherssand
PCT/ US95/ 143(89,v,ngfrom3to 20 non-hydrogeZato'insaariHDI ety bound to Mvia a a-bond,
conpri sing boron, or : 14 of the Periodic Table of the
El ements, and al so c'(‘)ﬁﬂﬂ“ ﬁbf'?ﬂ'f’lt?)g phosphor us, suI fur or oxygen,
sai d noi etys&idpratgpsuq:mpmu@@ non- hydrogen a-toms; Xis a

' tral ' 1 - {ade Dy,
nydr ocar 801 ThEAcisaHa € R ya R b AR dacBigh kdthe Bemild o R e (S R
n- conpl ex reip; X is a neutral LeW| S base ligand’

sel ected from am neswlikhﬁ&ﬂ&hl&ﬁﬁ«éﬁ%ﬁhhﬁﬂﬁhﬂlox.dan&stbﬁw ng from3 to 20
non- hydr ogen at ons; nberfromO to 3; sai-d

process conpri sing: f't@b‘ﬂ?aﬁ'mﬁ'ﬂ"'& 'l‘r&‘a"f‘*%ﬂ‘#(?é'demﬁ'c?"gccordl ng to ‘
the fornul a I\/F(X*)[ex*ru]s)(bl[derr] orr M*(X*)[err] X [err] wher ei n;

M s t'ta”lnh%‘a%arﬁérh&%'c n#:@nét#itoth%ﬂ{:&@%*ﬂ 2L )(Im?ﬁéu?” state,

M* is til®aniumor ZiTconi u I on state; and -
X* is halide; 15 wi tM isag@roumiidnetal, MaFtOfMGBMMmgllRS@gemrﬁmarﬁrDupZM 217,
wher ei n; metal; M is a Goup 1 netal, Mgl or MyBr ortwo M
groups togeth are rman |nterrred| ate netal

Corrpl ex accHt 'ﬂg"fq}ewrg'qigwml gpmpqeﬁaéfqrfmgtottheformula
A X' ) Z X n

SN\ or < \#
2 L — X%y L — ‘M¥ —X*
wherein L, Z, M**, X*, X', M* and n are as previbqsly déﬁned; "
2) when the metal in said intermediate metal complex is in the + 3 formal oxidation state,
optionally contacting said intermediate metal complex with an oxidant to form an
intermediate metal complex according to the formula:
z X'n
RV |
L — Xy

2r

wherein L, Z, M**, X*, X', andn afe as previously defined; and

3) contacting the intermediate metal compiex with a free diene corresponding to X, and
30 subsequently or simuitaneously cdntééting the résulting reaction mixture with a Grignard

derivative of a Cy.39 n-alkane to form the desired metal complex.

3. A process accordlng to either Claim 1 or 2 wherein the free dlene
corresponding to X is 1,4-diphenyl-1 3-butad|ene 1,3-pentadiene; 1,4-dibenzyl-1,3-b utadtene
2,4-hexadiene; 3-methyl-1,3-pentadiene; 1,4-d|tolyl-_1 .3-butadiene; or 1,4-bis(trimethyilsilyl)-

35 1,3-butadiene.
4. . Aprocess a‘ccdrding to either Claim 1 or 2 wherein X is 1,3-pentadiene.
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V\:frtrel nL Z M* X evi ousl y defi ned; 2) when
t metal i rwgzy‘;iqgggt er rredl a I lllﬂm}mHm' S in the + 3 fopoPUsSIBI4Edt | ON
sal

Stpt e, optionally contactknge m nsermedi ate netal conplex with an
oxj dantto form an i ntermedi ate netal conplex according to the formul a:
[efr] wherein L, Z, M*, X, X, and are vi ously defined; and

3)] cont acting the intetned %FP@W%TF‘"@&%F@?%'TH °égf"?‘§@”b‘ih§ﬁ§“'t'"9 metal

cof respondi ngconmpiek correspodds te thefernalat | y or sinul taneously contacting the
regulting reaction mxture with a ?d derivative of a Cerr]

n-pl kane to formthe desired netal 3. A process

ackording to either Claim1l or in th %ree di ene correspondi ng
togg X is 1{1 di phenyl - 1, 3-bu nt adi ene;

1,B-di benzyl - 1, 3- but adi ene; qule e; 3-nethyl -1, 3- pent adi ene;
1,p-ditolyl-1, 3 but adi ene; or 1, 4-h s(thl methyl silyl)- 35 1, 3-but adi ene.
4, Aprocess according to eitherrCaiml or 2 wherein Xis 1

, 3 pent adi enewherein: - 14-

W 96/ 17857 R’ each occurrence is B@ﬁéﬁggﬁﬁﬂs@ﬁg@d from hydrogen, hydrocarb I, sityP-
A process according .to either aiml g lg Ln the resulting T
coppl ex caof r 28FHHRale. Syangeand spmpingtionst 5'°°f sa i"WiSF‘BF‘hzo "°"hyd'°99" atoms,
R ] each occ?uramrc@ﬁonam mmmkbysmbkmtmnfsk@mﬁeydsmnmahxw ocar byl ,
[

stituents toget her Xdsatreutrainhhondgddiefe group hamp m‘@rBDylbmhndrggw;tpmmwby
Sing Op t GohRMEr-conpl®SFith MNY structure; X is a neutral
r]-bonded di ene group haV|ng g to 30 non-hydrogen atoms, which

fofms a n-gonpl ex wi t I isyP-, -5-, -NR*-, Yis -0-, -S, -NR*-, -PR*-; 1
5 Mis tM.afnaumrzmdmmummfbhﬂaibxnaaémmb oxi dation

?:}:‘*at g;r rlCR*[err], z E?!% 2 @zﬂ%§ﬁ%§uﬁkrﬁi e%Jl %{{é ﬁ] x [éf‘?r‘“réié:

R* each occurrence is independently hydrogen, ora member selected from

}%ﬂo 20 non%@g%afgxﬁa%3??1‘5',8')@%8%%%0%& ?%ﬁ’a%%a% %%;' 1 eo uﬁ%(;sfls 01? sng\r/\i "

—OoOunwcCcow

D

hydrocarbyl, silyl, halogenated alkyl, halogenated aryl, and combinations thereof, said R*

having up to 10 non-hydrogen atoms.
20 6.  Aprocess according to Claim 5 wherein R’ independently each occurrence is
hydrogen, hydrocarbyi, silyl, halo or a combination theréof, said R” having up to 10 non-
hydrogen atoms, or one or two pairs of adjacent R’ substituents together each form a Cp_4¢
hydrocarbyiene group, thereby causing Cp to have a fuséd ring structure.

7.  Aprocess according to Claim 6 whefgin R’ is hydrogen, methyl, ethyl,

= propyl, butyl, pentyl, hexyl, (including where appropriaté all isomers), cyclopentyi, cyclohexyl,
norbornyl, benzyi, or phenyl or one or two pairs of adjaéent R’ substituents together cause the
entire CsR’4 group to be an indenyl, tetrahydroindenyl, fluorenyl, tetrahydrofiuorenyl, or
octahydrofiuorenyl group.

8.  Aprocess according to Claim 5 wherein Y is a nitrogen or phosphorus

30 containing group corresponding to the formula -N(R”)- or -P(R”)-, wherein R" is Cy.4¢
hydrocarbyl.
9.  Aprocess according to Claim 5 wherein the metal compiex corresponds to
the formula:

35
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R* each occurrence is independen r a menber selected from
hydr ocar bylwo9kA38s7 hal oge mﬂu B“m" ﬁjﬁﬂggenat ed aryl, an(j;cqm@ymgg ons
thereof, said R* havi drogen .atons. 20 .

6. A process according to Cai m 5. wher ein R independently each
occurrence is hydr ogen, hydrocarbyl, silyl, halo or a conbination
thereof, said R having up to 1ORnon-- nh ogen atons, or one or two
pairs of adj acent R substituentg$ toget% é’,gh forma C[err]

hydr ocar byl ene group, thereby cz j Cp to Ve a,fused ring structure.

- 7. A process according tR'G Aher ey n s hydrogen, nethyl, ethyl,

25 propyl, butyl, pentyl, hexy mhere appropriate all |soners)
_cyclopen%yl, cyclohexyl, bengyl, or phenyl or one or two
pairs of "adjacent R substituenhs-together cause the entire

Clerr]R [err] group to be an indenyl, tetrahydroindenyl, fluorenyl,

t et rahydrof | uorenyl, or octahydrofluorenyl group. 8.

A process awbgreiNing to Claim5 wherein Y is a nitrogen or phosphorus 30-
cont ai ni ng group cormq’a&mdmfng to the formil a -N(R")- or -P(R)-, wherein R
Cess accordln

S err hydr o to
a alqm 5 %er ei. nyt hec)?‘rlﬁ 3@5%@*&&‘5@?‘59@%‘ &1 4""&!%8"1‘ Ybytadigne; 'ﬂ%
-15- methW%htha&Ei, n%-1,4-dibenzyl-1,3-butadiene; n4-1,4-ditolyl-1,3FKutadigR5 44,289

3 s ferr) R“‘éﬂmfhﬂ"!}%neﬁ‘"ﬁﬁ g poumphen b SBsGene ne o)
, 3- but adi en@etqv&hﬁpylmp henyl- HSﬂd!eDe@fpéM%mP*{ewH-ahenyH 3-butadiene;

4 dib | -1, 3- but
. sl( t ?‘Inf% L ut ady %fh?drob@ﬁ 6d méthii; sHone bytw aﬁsm Em\ﬁgﬁzgrgﬁz&%#etﬁi)e/ rmi ‘

. 3- but adﬁn l ¥ h gf‘% bela't' e"yﬁte'a'ﬁgf‘ﬁ eﬁpf]eﬂ'iﬂ’é ] SR y" pflyorenyl geauene, ~ or
[err] 1 nmet hoxyptﬂrlyﬂ:,),&hmeaﬁyl, - but adi ene;
_R'"is mdependently each occurrence hydrogen or C1.1o hydrocarbyl
~ Eisindependently each occurrence silicon or carbon; and
_'m istor2. _
10. A process accordmg to Clalm 1 or 2 wherein the real:tlon is conducted ina
_20 polar, aproticsoivent. _ _
. 11.  Aprocess according to Claim 10 wherem the solvent.is 1,2-
dlmethoxyethane. tetrahydrofuran ordiethylether.
12. Aprocess according to Claim 10 wherem the reaction is performed in
sequence in a single reactor vessel without isolation of intermediate products.
2.5 13. © Aprocess accordmg to Claim 2 wherem the oxndatlon is performed by use
ora halogenated organic compound:
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ts. 25 13. A procesy according to Claim2 wherein the
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