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PROPYLENE FI ELD OF T8E | NVENTI ON 1 Cct ober 2002 PCT/ US99/ 068 1170&eberc2082
cobal t conpMX¥SIBN52, 6- pyri di necar boxal dehydebi s(imi nes)  peruseonest?
"and( 2, 6-di acyl pyridinebis(imnes) are catalysts for theoligonerization of
propyl ene. BACKGROUND OF THE | NVENTI ON A i goners of propyl ene such as
propylene trimerl0and tetramer are nmadeqygegrercially by several
+ di fferentprocesses. These corrpounds are—use-ful as chem cal i nt er nedi at es.

For instance phenol may be &LEFONERS ? Ry biylbhrer and/ or tetraner,
and subsequent| yet hoxyl at ed t orket.m arcmme:mm-rm}dust rial
detergent. 15Certain i on and/ qr cobalt corrple es of
sel ect ed2, 6- pyri di n8& ?BB?%I%%F@JU% é
and2, 6- di acyl pﬁr,lwpyebdsﬁemriew)amm/d@@en (umpoeséadand co- pendi ng
appl i cations L2 %Q'dxggwﬁ 2981 Ol inPRN i 228t BYLENGs SCE L. e Pat ent
Appl i catl ons 08/'9913 fed 20Dec. 16, 1997, and 097 005965, fi I ed Jan. 12,
1998. "' Certain |°r16r9°E‘6ﬁ1bF%‘5<h%no‘?f propylene.
sel ect ed2, 6- pyri di necar boxal BERCHGROIND iOF MHE) INVENTION
and2, 6- dlacylpyrldl e pact p
application to poly 6‘%9 ?éég;nd pﬂﬁ::gg'gl?rr)gr %§g§59%oggfgglgxq%e§%%g Pat ent
Appl i cat i orﬂ009/a@»@i6@smramﬁ¥eﬁg%1rmﬁ%/ cPZ\memgsllw BWASRvg)tall dififexqmber 2002

S|UIVIVARY OF THE prVEREEON Tihesé rb/&rfﬁdu@lla!sC@&@ehaéfﬁlPéQCéb‘z@mi&Hlthe

o] |gorrer|zat|on [ Lo p. 0 ontactin at a

t enper at ure of gbouF'eg%gffto 2bou %&Poﬁg 236% B V@)ﬁ@éf/ %%

PCT/ US99/ 06817 wi2d0Crony B¢ It}rmeIC@[nIdl/IO]r tenpbergrof andt sukblegqwartly gand of

the formul a R4 gehbyo1 ¥t tpdsom&r@rae,com@rrehm RhduEerand bS:&ffapach
[ ndependent |y hydro gn i nert

functional 'group; R%® 558%515? gﬁéﬁigéﬁg‘ngﬁﬁﬁrB%g ‘l‘leﬁ)te
hydr ocar byl , ar2,|6n9|ytlﬁum¢amratalgie(bwpiebnss(mtnsnbsMt eddhydrocarbyl: and R6
and R are aVYb,%Ld§HQ§i§§fﬁé¥héH£@(imines) have been reported in co-
pending applications to polymerize and/or oligomerize
ethylene, see U.S. Patent Applications 08/991372, filed
20 Dec. 16, 1997, and 09/005965, filed Jan. 12, 1998.

Certain iron complexes of selected

2,6-pyridinecarboxaldehydebis (imines) and
2,6~diacylpyridinebis(imines) have been reported in co-
pending application to peolymerize and/or oligomerize

25 propylene, see U.S. Patent Application 09/006031, filed
January 12, 1988.
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and provided that a Co[lIl] or Co[lll] atomalso has (i) an

coordi,nation site or bonded to it a ligand that may be dlspﬂgggﬁxﬁfogg sai d
propl yene, and (ii) a ligand that may add to said propyl ene. DETAILS OF THE
| NVENTI ON Herein, certain terns are used. Sonme of themare: A "hydrocar byl
group” is a univalent group 20 containing only carbon and hydrogen. |f not
ot herwi se stated, it is prefermaﬂwnbﬁiYQEQEEEGNEENIQQNupS herein contain 1
to about 30 carbon atons By "substituted hydrocarbyl” herein is nmeant a
hydr ocar byl r cont ai ns _one re 25 sub tituent s whi ch
are Pnerc” under sivuigh SRR YRR e e SRR LSRG P RN R A ng

t hese gr owp dfsoadkihg at £@mpdiaresafiabdut t1067C togboutps al so do not substantially
interfere with the process. If not ' otherwise stated, it is preferred that
substituted 30 hydrocarbyl groups herein contain 1 to about 30 carbon
atonms. Included in the nmeaning of "substituted" are heteroaromatic rings. 3
1 Cctober 2002 WO 99/51550 PCT/ US99/06817 By "(inert) functional group”
herein is meant a group other than hydrocarbyl or substituted hydrocarbyl
which is inert under the process conditions to which the conpound
containing the group is 5 subjected. The functional groups also do not
substantially interfere with any process described herein that the conpound
in which they are present may take part in. Exanples of functional groups
include halo (fluoro, chloro, bronmo and iodo), ether such as 10 -OR18
wherein R18 is hydrocarbyl or substituted hydrocarbyl. In cases in which
the functional group may be near a cobalt atom such as R9, RS, Re, R12,
R13, and R1' the functional group should not coordinate to the nmetal atom
nore strongly than the groups in 15 conpounds containing R4, R5, R3, Rl,
R13, and R1' which are shown as coordinating to the metal atom that is

t hey shoul d not displace the desired coordinating group. By an "al kyl

al um num conmpound” is meant a 20 conpound in which at | east one al kyl group
is bound to an al um numatom O her groups such as al koxi de, hydride, and
hal ogen may al so be bound to al um num atons in the conpound. By "neutral
Lew s base" is neant a conpound, 25 which is not an ion, which can act as a
Lewi s base. Exanpl es of such conpounds include ethers, am nes, sulfides,
and organic nitriles. By "cationic Lewis acid" is neant a cation which can
act as a Lew s acid. Exanples of such 30 rations are sodium and silver
rations. By relatively noncoordinating (or weakly coordinating) anions are
meant those anions as axe generally referred to in the art in this manner,
and the coordinating ability of such anions is known and 35 has been

di scussed in the literature, see for instance W Beck., et al., Chem Rev.,
vol. 88 p. 1405-1421 (1988), and S. H Stares, Chem Rev., vol. 93, p.
927-942 (1993), both of which are hereby included by 9



1 Gctober 2002 reference. Among such anions are those formed fromthe

al umi num conpounds in the i mediately precedi ng paragraph and October 2002

i ncl udi ng ROGAdXssp RIOzALCLX , RgAl Cl12X , and "R Al OX-" gﬁ@&ﬁﬁk&7R9 is
al kyl . O her useful 5 noncoordinating anions include BAF- =
tetrakis[3,5-bis(trifluoronethyl)phenyl]borate}) SbFs-, PF6- and eF4-,
trifluoronethanesul fonate, p-toluenesul fonate) (Rt SOz) 2N, and (C6F5) 4B .
By an enpty con2 @t inwodilld ioF FeARTIh aTmpisrewti al CEbeRREaRR | on Site

t hat does not bgggn@ LEgamd porpd o it. Thus if a propylene nolecule is in
the proximty of "the enpty coordination site, the propyl ene nol ecul e may
coordinate to the netal atom By a Ilgan t hat R nay add to propylene is 15
nmeant a ligand coordinated to a netalR i 55 whi ch a propyl ene nol ecul e
(or a coordi nated et hyl ene nol ecul e) sert to start or continue a

pol yneri zation. For instance, this may, e the formof the reaction
(wherein L is aligand): 2a 'L ~ CHzZI WWA~~/ ----~. M Note the
simlarity of the structure on the |ef\\-hgNd side of this equation_to
conmpound (I X) (see below) . By oligo ion is neant that at |east 50 25
nol e percent of the oligonerized prog or fewer carbon atons.
Conmpounds useful as ligands herein in cobaft cogpl exes are diinines of

2, 6- pyri di nedi car boxal dehyde or 2, 6-di acykpyridines of the general formula
S AMENDED SHEET 1 Cctober 2002 WD 991 531550 Ra .,s PCT/US99/ 06817 (IV)
wherein Rl R3 ar C endent |y hydrogen, hydrocarbyl,
substltutedshyﬁrgga Bo?yféggaﬁﬂ%%gﬁg ‘5 functional group, RO and RS are each
i ndependent |y hydrogenRrhiﬁré@ér%yﬁreaﬁapherﬁd¢mﬁﬂ9ﬁmﬁﬁalhgﬁéaﬁe@r

substituted hyﬁyaﬁ&byﬁylﬁn&&lmea h@fecdi byl oxubst ihuted aryl. (1V)

may be nmade byf Qctggggilon of a conmpound of 10 the formula

R! and R® are each independently hydrogen,
10 hydrocarbyl, an inert functional group or substituted
hydrocarbyl; and
R® and R’ are aryl or substituted aryl;
and provided that a Co[II] or Co{III] atom also

has (i) an empty coordination site or bonded to it a ligand that may be displaced by

15 said proplyene, and (ii) a ligand that may add to said propylene.

DETAILS OF THE INVENTION

Herein, certain terms are used. Some of them are:

s A "hydrocarbyl group" is a univalent group
20 containing only carbon and hydrogen. If not otherwise
stated, it is preferred that hydrocarbyl groups herein
contain 1 to about 30 carben atoms.
* By "substituted hydrocarbyl”™ herein is meant
a hydrocarbyl group which contains one or more
25 substituent groups which are inert under the process
conditions to which the compound containing these
groups 1is subjected. The substituent groups also do
not substantially interfere with the process. If not
otherwise stated, it is preferred that substituted
30 hydrocarbyl groups herein contain 1 to about 30 carbon
atoms. Included in the meaning of "substituted" are

hetercaromatic rings.



R4 (VI) with a compound of the fornmula HZNR6 or HZNR , wher ei
and R3.are each independently hydrogen, hydrocarbyl, substi tngcégb&mﬁz
hydr ocar byl wo@bspg3gi nert functional group, RO and RS are each independently
hydr ogen, hydrocarbyl or substituted hydrocarbyl. Preferabl ycwsaw&sﬁs are
each hydrogen or hydrocarbyl, 20 and R6 and R are aryl or substituted -
aryl. These reactions are often catal yzed by carboxylic acids, such as
form c acid. Preferredsconppuhdsieatt)f dnmot foid V)geeup 'tdmpoimdsis n whi ch
(IVv) is a ligand, t r . C ( A O I I B
(VI 1), ( |5€e)a“\§’rr]1§ ?%’“‘P @%rté‘gér?gﬁﬂé‘gﬂﬁ%%ﬁﬁ@tﬁ t,dtvﬁ)wci‘,ch is a
subset of (1V) hygrocarbybewiladr iZ0dpend 99ESI 55 (R199e FCIIWSHI FEEL7 | n

§| ”)i an]g hlelnlct% whith) thélc:c:ampc(dél\d) coﬁ\ﬂaibxinélﬁﬁe aguebypXld 9 tEa’a mat ch t he
ornmuta o At r erge t; e rogen,
and/ or R9, %1 S)Fﬁ’i,'acﬁfa,‘pé?%e a‘{\udjcﬁigkfag gﬁcg:%pls r%le%ggddgﬁ}c?{/ ha?/oge%, al kyl

contai ning 1 tcubstcanbbally ointenfrereydibhedny apEOsess SeaReiiRr®ferred t hat

each 10 of thesgdesnhydEeoene APRhdRlnandiRi5tReE 4 ydesaid/mdy Re and
R13 is each independentl containing 1l to 6 carbon

hal ogen,. phenyl or_ alk
atoms, and it i‘?@sﬁéfFaﬁy p@’%f"@lﬁédo?hg?ngﬁﬁ?\n% YR T K%yl 15
cont ai ni ng 1- 6 hadrbdfilaboos, clalnikd,t brsmpoardpieder r egkhdvatsRB aawd R13 are

- propyl or,qt - by, B12 AndIRYS haeaciiipdenendentdv siakpgen, phenyl,
hydrogen, or alkyl containing 1 to 6 carbon atons, and it |s especially
preferred that IWAERCREDYAnd Db qReeS dnalRYFN BT af 1 Hg 0% c‘%ﬁ%& at ons
and it is norenpeber hedrt hatolt aition, Rébchr esiRbr &3yl R° orrYt RY, ,
Cependent |y HSF Sgert ey fanepFOfalardlet MUIA0ER: BoRALaEEtEE GACT |
25 especi al | y pihef eetad ahem TYdrR9IAY et BARNthQdERRIRNtT y hydr ogen or

methyl . Al sg i Redmp¥unagndohentsaidd /') )r®,(RF) , RTYI RY, @n¥) rAhenG¥hl ), it is
preferred that%fé shown as coordinating to the metal atom, that is

they should not displace the desired coordinating

group.

e By an "alkyl aluminum compound”" is meant a

20 compound in which at least one alkyl group is bound to
an aluminum atom. Other groups such as alkoxide,
hydride, and halogen may also be bound to aluminum
datoms in the compound.

¢ By "neutral Lewis base" is meant a compound,

25 which is not an ion, which can act as a Lewis base.
Examples of such compounds include ethers, amines,
sulfides, and organic nitriles.

e By "cationic Lewis acid" is meant a cation
which can act as a Lewis acid. Examples of such

30 cations are sodium and silver cations.

] By relatively noncoordinating (or weakly
coordinating) anions are meant those anions as are
generally referred to in the art in this manner, and
the coordinating ability of such anions is known and

35 has been discussed in the literature, see for instance
W. Beck., et al., Chem. Rev., vol. 88 p. 1405-1421
(1988), and S. H. Stares, Chem. Rev., vol. 83,

p. 927-942 (1993), both of which are hereby included by



Ri.o 1 Cctober 2002 ' WO 99151550 R6 i s RO Rlo R8 ~ Rt Rieoktoler 2d02R
1.S .,ta 5 10 15 20 25 30 R a PCT/ US99/ 06817 (XI): R8 and R13 are each
|ndependently hydrocarbyl, substituted hydrocarbyl or an inert functional
group; R9~ R'0O, R11, R4 R 5 and RL6 are each i ndependent | y hydrogen,

hydr ocar byl , substltut ed hydrocarbyl or an inert functlonal group, R 2 and

R1' are each | ndependent |y dr ogen, hydrocar bié bstléu}_ed hydr ocar byl
or an inert FEAEFPBRE ¢PB ?J'?Jg G FFe #en & °§ﬁy PhEeof > R1, RI1,
Rz, R13 RI aalihsnuml eompduzlias ihatheariemsgdiiatall yt prenedanot her t aken

t oget her oy S0 Aok 8 k!, e onede bt Litabit negsaeh £5 and/or R

becone hel p m ne at ol gojrers % pr od d ed, that oW many
propyl ene nolP&&ul’ 53“69’% vn"’lhﬁé'ellgsﬁl theh @ id¥ilgondE: eEn“ﬁ?éP?age Anot her was
of stating thﬂoﬁcb&r&hﬁatihgsahw:ks nssl i tBAH s{BRE aver age nol ecul ar

the aver age HSEERHLEI208 bh?‘pfitﬁé%ég%h@% DU ATERRER) . B e,

However, ot h@Feef fasd sB%son%Hﬂ\mthamh fonateects on yields may al so

occur . SpeC'fﬁ—%o@ﬁz@h@%ﬁ@ﬂoﬁﬁﬁaoumﬁdﬁaﬂ) kand (2 &msﬂ (N, an, av,

(M1), (IX) and (Xlll gre g‘p coord:.nat:lor.i ekl 4R meaR‘;:LS and R16 are

10 potential coordination site that does not have a ligand
bound to it. Thug if a propylene molecule is in the
proximity of the empty coordination site, the propylene
molecule may coordinate to the metal atom.

¢ By a ligand that may add to propylene is

15 meant a ligand coordinated to a metal atom into which a
propylene molecule {(or a coordinated ethylene molecule)
may insert to start or continue a polymerization. For
instance, this may take the form of the reaction
(wherein L. is a ligand):

20
L CHCH,CH

M/ /
——— M
\</
Note the similarity of the structure on the left-hand
side of this equation to compound (IX) (see below).
e By oligomerization is meant that at least 50

25 mole percent of the oligomerized product has 18 or
fewer carbon atoms.

Compounds useful as ligands herein in cobalt
complexes are diimines of 2,6-pyridinedicarboxaldehyde
or 2,6-diacylpyridines of the general formula

AMENDED SHEET



hydrogen, Re and R13 are chloro, and Rq, Rs, Rz and Rl' areqeképdr 2082 1
Cct ober 2002 WO 99151550 PCT/ US99/ 06817 R1, R2, R3, R5, Rl1, Rl1l1l, Rl2, R14,
R15, R16 a 9%5%7 are hydrogen, Rg and Rs are nethyl, and R~ and R13 are
pheny! ; Ry‘?&} 1954~ Rs~ RO~ Rio Ry Ri2~ Ria~ Rise RI6 5 aRCI/RIgp/6§1a
hydrogen, and Re and R13 are phenyl; RL R~ R3 Rg Rs RO R o R11 R14 R s-and
R6. .. . . . . . . are hydrogen, and Re, R12, R13 and R17 are i-propyl;
and Rl, R2, R3, R9, Rl, Rll1, Rl, Rl14, RI1%, Rlgsan d R17 are hydrogen, Rq
and Rs are nethyl, and Re and R13 aregl10 t\but4l. In the oligonerization
processes described herein, it can be romthe results that it is
preferred that there be at | east sone
tridentate |ligand about the Co ato erefore, it 15 is preferred that
groups close to the metal atombe relaNively large. It is relatively sinple
to control steric crowding if (111) tridentate ligand, since control
of steric crowding can be achieved si &ﬁntrolling the size of R8,
R12, R13 and R16. These 20 groups may al sg be mart of fused ring systens,
such as 9-anthracenyl. In the first polﬁgfrization process it is preferred
that X is chloride, bromde and tetrafl )

oborate. 25 In the first

pol ymeri zat i onwpeeeeasRHeRér ehadrhersi mazhc dbdependenpt lex Hydrpges, cont act ed
wi th ethyl ene al i j of ragid-ng X , hydride
or al kyl fron1?pﬂfgfggpg;h1%Eﬁﬁgirgﬁ%gg gﬁgg??hg}éﬁ?gﬁé{5%§&EUst al kyl ate
or be capabfe dtnggigaaingreutwdii @8di Bn 36 t9R€PERLPPERBRRELY an

addi tional al kylyatrongnagrpdirotaypgent ieepablenofiackl nyrauphydr i de ani on
to the netal at r The Utk i cid, {s.originally
unchar ged (i.e?ggﬁgg%98§?c§¥§§§ﬁgﬁﬁﬁﬁé ﬁgﬁt%a?éT%§¥g§§% ggy%sofnclude SbFs,
Ar 3B (wherein Aubs§ispypd arwhd BF3. Suitable cationic Lewis acids or
Bronsted aci ds incl yde) NaBAFve shd oyt rdhfel tererebhasesall daipaived BBF4, or

[ CBHSN (CH%Q 2k+ [% %%6 s) 4 . In those instances in which 9 1 Cct ober
2002 wo 99i'¢ ~ &€ TPEM Y99/ 06817

(VI)

with a compound of the formula HZNR6 or HZNR7, wherein

1, R2 and R’ are each independently hydrogen,

15 R
hydrocarbyl, substituted hydrocarbyl, or an inert
functional group, R' and R® are each independently
hydrogen, hydrocarbyl or substituted hydrocarbyl.
Preferably R* and R®> are each hydrogen or hydrocarbyl,

20 and R® and R’ are aryl or substituted aryl. These
reactions are often catalyzed by carboxylic acids, such
as formic acid.

Preferred compounds of formula (IV) and compounds
in which (IV) is a ligand, whether present in compounds

25 such as (I), (II), (VII), (IX) and (XII) a preferred

compound is (III), which is a subset of (IV).



(I'r) (and simlar catalysts which require the presence of a S
acid or a cationic Lewis or Bronsted acid), does not contain qy&ﬁﬁ%{%ﬁﬂy
hydri de gr owposbissady bonded to the netal atom the neutral g acid or
a cationic Lewis or Bronsted acid also al kylates or adds a %ng) 14 the
nmetal or a separate al kylating or hydriding agent is present, i.e., causes
an al kyl group or hydride to becone bonded to fhe netal atom to It is
preferred that R2 contains 1 to 4 carbon gtong, and nore preferred that RZ
is nethyl or ethyl. For instance, alkyl i
par agraph) may al kylate (I1). However, &
be strong enough Lewis acids to |5 ab Tra
nmetal atom |In that case a separatee Le
abstraction nust be present. For i
pol ynmet hyal um noxane is used as th
and does the abstraction from 2
acid, which can alkylate the netal,
such as Rz3Al, RZAId z, R22A1C1,
RZ is alkyl containing 25 1 to 25 carbbn a
atons. Suitable alkyl alunlnunlconpoungs J
is an oligonmer with the general formula [N ") nodi fied [ MAl Q ~
wherein a mnority of the nethyl groups are replaced by anot her 30 al kyl
group, (CzHs) ZAl1Cl, CZHSAl1Cl2, and [ (CH®) 2C¢MCH2] 3A1 . thal hydri des
such as NaBH4 may be used to bond hydr{ﬂg[groups to the netal In the
second pol ymerj zat proce descri ob x of, (I) is
ei t her added t%Ptqﬁg 3 68I PF?ai?oE bﬁo@é@ 53V$0r2%%l ngbﬁ ™ the
process. In faXII)nohett matcbnéhsuthrmoolglaik ﬁﬁy)beitotmmnm@ t he
course of the prpacess, for instance formation of an initial conplex and
then reaction of 10 1 Cctober 2002 MD 99/ 51550 P | US99/ 06817 t hat
conplex to forma Iivifng Bnddd Fol IR Y% AF94AEN a conpl ex. Exanpl es
of such conpl exes whi &, Ry, ba'¥,ornkd RHhidricalrR'y ii:n esichu i nclude 5 (VI1) and
10 ~ T (Xl ei t4y r ed above,

Tl |s hydrldgxﬁéd%é-gqégtlé h%l@@ﬁé? %%E%%IC q%%&ngé %tgo f%ﬁiﬁgbpylene can
insert, Y is a@RRfr&r Ihygiéﬁeeéapalbqi el tofis] MAFE RGedrEHEAcErR hyEasttopyl ene or
a vacant CROr diMadHe¥e Sist aydaadeﬁ) I§ncﬁ/d’r_e| atively non-coordinating anion.

ad'kyl al um num conpounds may
or an al kyl group fromthe

¥ i §.Strong enough to do the

, in Exanple 39,

|l e" Lewis acid, it both al kylates
tal atom A preferred neutral Lew s
a selected al kyl al um num conpound,
0" sfral kyl al um noxanes), wherein
5, preferably 1 to 4 carbon
de..ret hyl al um noxane (which

Conpl exes nmay be addeq#dlr%p y iocqaé/qg forned in situ. For
i nstance, (VI1) nmay be forne ctlon 0 ) with a neutral Lew s
acid such as R® and R 1s each 1ndependent y halogen, phenyl

or alkyl containing 1 to 6 carbon atoms, and it is
especially preferred that each R® and R" is alkyl

15 containing 1-6 carbon atoms, and it is more preferred
that R® and R are i~-propyl or t-butyl;

R*? and R' is each independently halogen,
phenyl, hydrogen, or alkyl containing 1 to 6 carbon
atoms, and it is especially preferred that each R*? and

20 RY

more preferred that R and R' are i-propyl, or it is

is alkyl containing 1-6 carbon atoms, and it is

especially preferred that R* and RY are hydrogen;
R* and R® are each independently hydrogen or
alkyl containing 1 to 6 carbon atoms, and it is
25 especially preferred that R* and R® are each
independently hydrogen or methyl.
Also in (IV), and hence in (I}, ({(II}, (VII), (IX)
and (XII), it is preferred that:



20 an al kyl al um num conpound. Another nethod of form ng sughogossmygex i n
situ i.s adding a suitable cobalt conpound such as cobalt [I1]
acetyl acet omabgsisd ) and an al kyl al um num conpound. CIherdgf%g%;aﬁgﬁs in
which 21 Ra ~s R ..s 1 Cctober 2002 WO 99151550 PCT/ US T ani ons
simlar to acetylacetonate are present, and which may be renoved by
reaction with the Lewis or Bronsted acid. For instance netal halides and
carboxyl ates (such as Racésates) may be used, 5 particularly if they are
slightly soluble in the process medfum R is preferred that these
precursor netal salts be at |east somewyat soluble in the process nmedi um
After the propyl ene oligonerization 1gﬁistafted, 10 the conplex nmay be in a

formsuch as D~ (I X) wherein Rlrikh R—r''and Q are as defi ned above, and
15 P is a divalent (oligo)propyl ene \grodp, and TZ is an end group, for
exanpl e the groups listed for Tl abgve. \Those skilled in the art will note
that (1 X) is in essence an oli goner contﬁfninqxaiso-called living end. It
is preferred that Co k€ ijg +2 oxidation state in 20 (VIl), (MI1) and (IX).
Compounds such as (M), (I X) and (XI1) gpay or may not be stable away from
an environment simlar to that of tRe pblymerization process, but they may
be detected by NWVR spectroscopy, pa larly one or both of 1H and 13C
NVR, and 25 particularly at | ow ®fes. Such techniques, especially
for polynerization "intermnmedi ates” ese types are known, see for
instance Worl d Patent Application 96/23910, especially Exanples 19?-203,

whi ch is hereby included by referefe. 30 In 840 the ol i goneri zation
processes herein, the g%ppar atPupeecatadli GlicRedrheRY! 8D8roLi B9PES i zation is
12 1 Gctober 2002 W§%$ /5] 550 PCT/ US99/ Q6817 %arried oyt i s about -100C
to about +200CCURTettet YSBGGETORH T FTaBEGE 155 T ABPR pFEP R Abl y about
-50C to about 100C. Tﬁﬁ,pRHbngneRﬁﬂe§§ﬁﬁﬂmbﬁ93Wﬁnﬂ1adm@ pol yneri zation is

carried out isiﬁ@%péﬂ&éﬂé¥y hydrogen, hydrocarbyl, substituted
hydrocarbyl or an inert functional group;

10 RY?

hydrocarbyl, substituted hydrocarbyl or an inert

and R are each independently hydrogen,

functional group;

and provided that any two of RB, Rg, Rm, RFl, Ru,

Rn, R“, R“, R'® and R'” that are vicinal to one
15 another, taken together may form a ring.

Tt is believed that the bulkiness of R® and/or R’
become help to determine what oligomers are produced,
that is how many propylene molecules are in the
resulting oligomer, on average. Another was of stating

20 this is that this bulkiness controls the average
molecular weight of the product. It is believed that
as R® and/or R’ become bulkier, the average molecular
weight of the oligomer produced will increase.

However, other effects (some unwanted), such as effects

25 on yields may also occur.

Specific preferred compounds (III) [and also in
(I), (II), (IV), (VII), (IX) and (XII)] are:

r', R*, ®R’, R’, R', R, RY, R! and R'® are
hydrogen, R® and R" are chloro, and RY, Rs, R and R!’
30 are methyl;



5 atnospheric pressure to about 275 MPa being a suitable rangectobf2002
ollgonerlzatlon processes herein may be run in the presence of various
li'qui ds, pd¥QAPGA$Arly aprotic organic |iquids. The catal ystpsyedeodss:7
propylene, and !'0 propyl ene oligonmer may be soluble or insoluble in these
l'iquids, but obviously these Iiquids should not prevent the oligonerization
fromoccurring. Suitablie |iqujsds gn hude ial es,icyghoal kanes, sel ected
hal ogenat ed hydrccar bdhs, 12'I| &o’p eh;kﬁghd af ofat’i ¢ 157 1 ‘{/cﬁ ocar bons.
Speci fic usef u&re;diyumug@m,nﬁf uzdei Wexane meé bhykneran® hendeRe. akepreferred
liquid is the Eméqﬁyl ene oligoner itself. The propyl ene oligonerizations
herein may also imtially be garrjed 5out9 in;¢d he,soligd state [assym ng 20
(1), (1V) or (M) i®a Bolifd} By, Xorkin& ande. Rippokting ¢1F). (1V) or
(VI1) on a subsidat'® sti€hndrsjehni canar R&ldmd md] aet iptadriylg it with the

Lewi s (such as V7, for i ngt ange an qgsky al LHanﬂmcofgpouglds) %r B&mensted acid
and exposing it to a poI ymerizabl € qr 2 ;oI rizable ol’e

al ternative meabodhydraaseveded Bre t§ eatR't h@“‘glfppoﬁem}tﬂ%rwy%heﬁﬁldr eact the

treated support with (plll)R (1) pt, @) )R™ ORW apd, IR} @EV)ard {'VI1) can
be m xed and then th pohtr sed with the res sglaution. The
support may 30%%&Y §bycgre erRto rf‘i%?te fhe 16?5%%16 ar}dﬁ \amdsaor 3BFonst ed
acid, for itmstaroecdn acidic clay such as nontnorill on| te. Anot her nethod

of making a suppor tgg tﬁ?ét%Il}iﬁkmbz?li&%@rﬁr@ce%gle)é”ﬁ(e'séétlbga REr&in| east
make a cobalt conplex of another olefin or oligomer of an 35 olefin such as

cycl opent ene oht £FtgtorieeSudRoRsthe | &Sk lgrs 6F|h|§ﬁ1 h&. 1¥hBE&LTeREERr ogeneous”
catal ysts nay tieatisetkrAc beabal yezesol sgonerticzdld erowdihbecgasephiage or the

|iquid phase. U@geg/ &Q}uac%et ' §.ﬁg§§‘5‘tak§cﬂ?€ dde cjo33to&\ OCE*RQ?EfZQQZ Vf

991 51550 PCT/ 817 e is transported to contact wth
cat al yst pattits ePWﬁelréecdhé ﬁFoﬁ??‘é&% ‘FJSOEiGh khéhgagepRasetornPehe Exanpl es
and Experi ment seldtievqiryedsunes S5I1gi venrdl£r igalge spmessutescotbeofol | ow ng

abbrevi ati ons and tegcrggs w%{lglgu?gd( f&f)anlchla%t trlgggq:td%g ﬁﬁlohg nunber of

met hyl groups perrJfO | ene "groups he "o t%orrected for
end groups. | Oshwe CfQ)'rtmﬂlaO\ﬁ/eﬁgﬁﬂmro"g@s?g:W@nﬁ?ogﬁépﬁyewmlygas
chromat ogr aphyy§ %r@/ﬁﬂlﬁhgmﬁé §p£@tcsprm°trnl@§“ Ll ger meptd on

chr omat ogr dohy 15 nol PMAQ c}/rret hyl al mnoxanehRT - room
t enper at ur & #rouﬁset’?aéh 8f FaR®Exper i %‘gﬁﬁ F13g systems, suc

2, 6-Di acetyl prS+rarimedmeny2-.chl or o- 6- net hyl phenylimne) In a 200 nL round

bottomflask 2.0 g Pfeti Q—l(il%g0§&y|xpé/fi£gﬁeon( Fwogggslgt 050122 nole) and 50
m. of nethanol were ]PI aced | or o- 6-net hyl aniline (FW

141. 60, 0.0245PHotHrShdhas édﬂédc?%?lf’dg%d W“Pﬁ?eénﬁr ops of formic acid

and t he sol uti oatwaslstiabogdtat RT under nitrogen for four d, at which tine
no_preci pitate had fiprijed.c 108 b5aGHdON e BeBkEE! uxed fgrg24 h. GC

anal ysi s |nd|cated t reactio I Nco | uxi ng was conti nued
for a herein a cobalt complex (II) 1s contacted with ethylene

and a neutral Lewis acid W capable of abstracting X,
hydride or alkyl from (II) to form a weakly
coordinating anion, and must alkylate or be capable of
30 adding a hydride ion to the metal atom, or an
additional alkylating agent or an agent capable of
adding a hydride anion to the metal atom must be
present. The neutral Lewis acid is originally
uncharged (i.e., not ionic). Suitable neutral Lewis
35 acids include SbFs;, Ar;B (wherein Ar is aryl), and BFj;.
Suitable cationic Lewis acids or Bronsted acids include
NaBAF, silver trifluoromethanesulfonate, HBFy, or

[CeHsN (CH3)2]" [B(CeFs)4] . In those instances in which



30-total of | week. Solvent was stripped fromthe reaction nﬁﬁ#&fe gb
rotovap. Flash chromat ography through a basic alum na colum ed Wwth
hexane/ et hyl acetate 20:1) lead to isolation of an oil. The oil was then
crystal | i zePP¥W et hanol / net hyl ene 35 chloride. Col | ect edpOTR 95668, 2%
yield) of pale yellow crystals . 1HNWR (ppm CDC13) : 2.12 (s, 6H) , 2.32
(s, 6H), 6.95(t, 2H), 7.13(d, 2H), 7.30(d, 2H), 7.92(t, 1H , 8 .5 (d, 2H)

14 1 Qtobegq0 RGTWS9940681 | qrRnt, 2
2. 6 Di acelyl pys Lol nebrs (3: b Rheryl 1oy Ihog 105 s o‘ffﬁéﬁt"botsteé‘r%eﬂask

0.48 g of 2, 6-8faeeb§Ppyrt dﬁ“‘rhéls( AR5 918, c@%@?@% Wores)er Rrengtedof
2- am nobi phenylaciEW 188e23not). &1}fi% inDlaesp L kgddo20hydr ofe rgtdugnol were

Pl aced. Three df g, o Loich & A% Yk adied, apd {8, st g sof uti on

stirred under reci ate fornme fter one 'S was
filtered off, msﬁe@rw’:\tﬁa%m@%mloraﬁaoaﬁee aqid @ollaqsct ed 0.89 g (610

yield) of pal eamyh@%gobtdadcié* aNWc(rﬁﬂ@ tGDeﬂaa)mezallaﬁﬁ a Gdpar@t8(d, 2H),

7.2Z5-7.50(m 16 H) er| nt 3

2, 6- Pvri di nedi 85%‘86?5%8%9’&]@‘“%’@ RER SEP 111Tﬁenyl i 76) S a 35 nL
round bot t om f krasklk@l2groupfon, f&é%ﬁrqedlt@e@ﬁéambokemwytd% thRNVE3s112,

0. 00207 nol es) q¢8x73 g of 2,6-dii sopropyl aniline (FW177.29, 0.00414

nol es) and 15 L of net hano do 20 Three.dro of formc acid
wer e added '%nd the S5l b?l%’ﬁeé?rrrrer Sﬁ'ec‘i ttaétné fLoE % WER™h 5 nmin.
Stirring was cemnbmauedndveore ghxtefe‘li‘rredsalmadt RAS ifsi meehell of fethyplshed with

| d net hanol d dgjied t 8 q 0 el | ow
ol SR (ot B ERSE G 05 i hmpolbgh e ladh R VEL S

8.0(t, 1H), 8. Bs(-ggrgpgx) Igayl(%jlkmte |:_(>}§ér| Wgﬁweaer, not all alky
2, 6- Di acet yl pyaildinDROinS €mp @lirtd D uikayy~ ben ltirsnge gnbagia Q@&miadlmndobot tom

flask 2.0 of t acetyl 8 2 | es) was

di ssol ved | % Zgbﬁgrofgngt ﬂ%no Bﬁ]ek? gggég\/\é&?&g}f er"{%t%l]}t éltgﬁl i %fel (FW
199. 24, 0. 0245thdtes®sand %emﬁ@p%e gfe vrisy rﬁcédaéluéov\@r%n%tﬁiédO Aoprtéei pitate
started to for %QEEQEt@Qn Nils t e @lddntQn wag shitdeck 39 MiELaaPMe

fil f f hed h | d
et hanol and 1 e BPremeCeetT SRS 4% Sora 581 By s Jas <o d

The NMR reveal edlﬂhelsobodht@lhelarw laynck W@eﬁohben&h%trlé&tlo}:l @aogber 2002
WD 99/ 5155@y PCTLUSR4 9683 ¢opr oduct . The above solid (3 85 g, FW294. 4,
0.013 nol e) was pl aced |Qto a. 20 ask 9

2-1-butyl n|I|ne
met hanol , and 9 dr ofsPoFEFHF (:ned'b’ir(flv\é‘reé”lédagag -ﬁll}él"?ﬁ A4l é"%gaﬁfeought to

refl ux before the metal, is a selected alkyl aluminum compound, such
as R?%;al, RrR*alcl,, R*°,AlcCl, and "R*°Alo"
(alkylaluminoxanes), wherein R? is alkyl containing
25 1 to 25 carbon atoms, preferably 1 to 4 carbon atoms.
Suitable alkyl aluminum compounds include
methylaluminoxane (which is an oligomer with the
general formula [MeAlO),), modified [MeAlO], wherein a
minority of the methyl groups are replaced by another
30 alkyl group, (CyHs),AlCl, C,HsAlCl,, and [ (CHj;)2CHCH,],Al.
Metal hydrides such as NaBH,; may be used to bond
hydride groups to the metal M.
In the second polymerization process described
herein a cobalt complex of (I) is either added to the
35 polymerization process or formed in situ in the
process. In fact, more than one such complex may be
formed during the course of the process, for instance
formation of an initial complex and then reaction of

10



5 slowy adding chloroformuntil all solids had dissol ved. Alts ﬁ&'dﬂlobhe
vol unme ‘was reduced and the reaction cooled to precipitate m)re SO

These were WQ8%/8k56dl and recrystallized from nethanol and a unt
of chloroform vyielding 2.8 g of product. 10 1H NVR (ppm C&?@W‘s 7
1.9(s, 1 BH), 24(5 6H), 6.55(d. 2H), 7.1(t, 2H), 7.2(t, 2H), 7.45(d, 2H),

7.9(t, 1 t t di nebi s(2-chl 615
net Elyl phle_DnyI i r‘hhg‘é) ]:85%5?25 [%’ar nrgﬂl oa B’éhpneﬁg ‘chj(%’v&/égf?éInnC%a I S(rﬁ't“(r:?osgagre

Cod 2 (anhydreush @. 06@ptgxwas di ssolved in a mninmmof dry THF.

2, 6-Diacetyl pyri di EQQ!nEi@s cht 0&9:@ a&%ﬁx&ggewhbmﬂ_ KO- 205d Was added
and the solution turned green and green precipitate formed. The

m xture was stifdtdalay BT $orv 2nfdy¥eafter which the vol une of the sol ution
was reduced by half and pentane added to precipitate the product, which was
filtered off, washed witfi pentane agd dried. Yield 0240 g. 25 Experinent 6
[ 2, 6- Di acetyl pyri di nebi s{ 2- bi phenyl Nyl ne)/]z cobalt[{I]dichloride In a dry,
oxygen-free atnosphere Cbd 2 (aRhydr 0.Z35 g) as dissolved in a

m ni rum of dry THF. 30 2| 6-Di acetyl pyri d"ﬂebl s(2-b| phenylimne) (0.500 g)

was added and the solutipn darke nd a b precipitate formed. The
m xture was stirred at RT fop2{d af tyer..whi.cdt he yol ung was reduced and
pent ane added. The produtt was f ed of f,» washefd with pentane and 35
dried. Yield 0.500 g. 16/ 1 Cct 2002, ’V\O 991 51p50 PCT/ US99/ 06817

Experinment 7 [2,6-Pyridipedi cargoxal ebi s
(2, 6-diisopropyl phenylinlne)]cobal t[/ I]dﬁphlorlde n a dry, oxygen-free

at nosphere Cod 2 (anhydrbus, 5 0. 07% g) was dissolyed in a mnimmof dry
THF. 2, 6-Pyri di nedi car bokal dehydebi s (2, 6-diisopropyl phenylimnmne) (0.256 g)
was added and the sol ution darkened an&,& rned green. The m xture was
stirred at RT for 9 d after which the Vd'dme was 10 reduced and pent ane
added. The preduct was filtered off, washed with benzene and pentane and
dried. Yield 0.26 g. Experinent 8

[ 2, 6-Di acetyl pyridi nebi s{2-t- butylphenyllnlne)] I-§ gobalt(ll]dichloride In
a dry, oxygen-free atnosghere Cod 2 R anhygh ous, 0.{168 g) was dissolved in a
m ni rum of dry THF. 2, 6-Di acet yRpyri inedls(Z-t-butyIphenyIinine) (0.553 Q)
was added and the soluti n dar keyed "o bromn 20 precipitate forned
rapidly. The m xture was |stirred overni ght dfter which pentane was
added. The product was fifl teg washed dd t h gentage and dried. Yield =
0.66 g. 25 In the Exanples 13C ectra MBr,/obtalned on a Bruker DRX
Avance 500 MHz instrunentf at 30C/wWtR a~ Mal orac 10 MM Probe using a 90
degree pulse, digital fillteringsand gFgiNal | oc a spectra width of 29
kHz, an acquisition tinme]of 0.64 se¢{ an Rm.delay bet ween 30 pul ses of 10
sec. Sanples were 10 or 20 wto in 13 with 0.05|M CrAcAc. A variety of 2D
NVR experiments were used—t o support the assignnmeats, including HMQC, HVBC,
HSQC- TOCSY, and TOCSY. In the exanpl egxrggrtai n conpounds having the 35

formula (I11), \ﬁ\eer used: él%ys n ese cgn'eound,s,. R1, R2 and R3

are hydrogen, §12, "an r)?“ﬁg asl%easré’}f‘ﬂql PVEhelsubstituents are

given in Tabl éaydritig or alkyl or any other anionic ligand into which
propylene can insert, Y is a neutral ligand capable of

IS being displaced by propylene or a vacant coordination
site, and Q is a relatively non-coordinating anion.
Complexes may be added directly to the process or
formed in situ. For instance, (VII) may be formed by
the reaction of (II) with a neutral Lewis acid such as

20 an alkyl aluminum compound. Another method of forming
such a complex in situ is adding a suitable cobalt
compound such as cobalt [II] acetylacetonate, (I) and
an alkyl aluminum compound. Other metal salts in which

11



1 Cctober 2002 WO 9915i 550 Table 1 PCT/US99/06817 Catal yst 1 Qctober 2002
NoR4ARSR6R~1MeMe2- phenyl phen J2- phenyl phenyl 2MeMe2- chl or 0- 6- net h ? ﬂ
| 2- chl or o- Qe @8d/dyske Nenyl 3HHZ, 6-di i sopropyi henyi 2, 6-diisopro
yl phenyl 4NH2- phenyl hen | 2- phenyl phenyl 5MeMe2-t - but yl pheny| BCT/USA%0§81pheny| ~
Exanple 1 Inside a drybox under a nitrogen atnosphere, Catalyst 1 (12.9 ny,
0.02 mmol ) was slurried in 5 anhydrous toluene i25 m) in a Schlenk flask.
The flask was am&dmﬂisumﬂha¢e¢0faaﬁmwheCdtqﬁﬁbe ane pracedtunded an
at mosphere of yg}éﬁ»}’l i tb@@e‘fr?%daB EQQ&@ﬁoﬁ QuQ;% t-ﬁléeL%Q‘l@t gkyst, PMAO

0

(0.5 m, 9.3w ol uene was w_th vigorous stirring and
10 the reacti BFeRItReEHE - pr5€§ed“éFaG€?fTﬁt§§ Wa&99§ﬁ ®RAch it was war med
to RT and al | oxetbéoyraact (swichaafsuntbestdH) maylhe neaati on was quenched by
addi tion of N@C}Vlﬂ@bki tQl ue ﬁhg@g te uene and the

| ower ol ecul ?artlc %a 1P?Q%h§E§ (% re Qfl ék%ﬁﬂl |g gggajor portion of
the C9 fractlomg0®@§%rmﬁhnvbd drdés 93@@%%#6QTRPQQHﬁhQ%enQréFpgéﬁﬁrs wer e
anal yzed usi Ngne€@l VIV randit13CaMVRsontbdh 4k SaA.udd eSpeCi8s Mok §@8ssl- enes .
92-ene traps30 % ene ci sl6.23-ene trapsl.53-ene ci sSND25 4-ene

traps18. 12- met ASTENR1. 53- net hyl eneND4+- met hyl enel. 35+ ene22. 530% Me per
ene31B1/ 1000CH2- 3 1Bfter] thst GIOPYIRDE WO OONSIEET ipOThgS9gt@pBed, ND = not
detected %{¢ve peé OfksL éyuﬂgy f irethybrhranahess per doubl e bond
occurrence. 1Bl/1000 CH2: nunber of nethyl branches per 5 1000 CHz .
Exanple 2 Inside a dryboxqunder a nitrogen atnnsphgrg, Catal yst 2 (32 nmg,
0.06 mmol ) was slurried i anhydrousntolque (25 mf) in a Schlenk fl ask.
The flask was 10 seal ed, [enoved.fromthe/drybox apd placed under an

at nosphere of propyl ene (ES kPa) \and ed to OC [The cocatal yst, PMAO

(0.5 mM, 9.3 %Al in to|uene g mas\added wifth vigorous stirring and
the reaction allowed to pfoceed for 5 h/a?ter which I5 it was warned
to RT and allowed to react fdt a 5716 B e|lreadi on was quenched by
addition of MeOH 10% HCL and the ene phase decanted. Tol uene and the

| ower nol ecul ar wei ght ol | gomers / up Ad inclvding a major portion of
the C fraction) were renpved under 2 vagyum The|remai ning oligoners were
anal yzed using, GC, GO Ms{and 13C-N Yi&ld = 3. 7§ The same speci es

present in Exanple 1 are plso present in this sanplle. The ND species are
al so the sanme. However, in this sanple there are Several 25 additiona
ol efinic resonances. There are about 50100 1B1 met hyls per 1000

met hyl enes. Exam@t&im R' through R’, and Q are as defined above, and

15 P is a divalent (oligo)propylene group, and T is an
end group, for example the groups listed for T! above.
Those skilled in the art will note that (IX) is in
essence an oligomer containing a so-called living end.
It is preferred that Co be in +2 oxidation state in

20 (VII), (VIII) and (IX). Compounds such as (VII), (IX)
and (XII) may or may not be stable away from an
environment similar to that of the polymerization
process, but they may be detected by NMR spectroscopy,
particularly one or both of 'H and 3¢ NMR, and

25 particularly at lower temperatures. Such techniques,
especially for polymerization "intermediates" of these
types are known, see for instance World Patent
Application 96/23010, especially Examples 197-203,
which is hereby included by reference.

30 In all the oligomerization processes herein, the

temperature at which the propylene oligomerization is

12



I nsi de a drybox under a nitrogen atnosphere, Catalyst 3 (35
was slurried in anhydrous 30 toluene (25 m) in a Schlenk flﬁct%%@op?g

was seal edwosnossed fromthe drybox and placed under an at
propyl ene (35 kPa) and cooled to OC. The cocatal yst, PMAO (8 Emﬁéﬁﬂg% wt %
Al in toluene, Akzo), was added vvith vigorous stirri ng and the 35 reactlon

all owed to proceed at 0OC for h after _whic an

allowed to re&8Frisf quFuts I"r%t?oultﬁ H.O07het ‘?ea;lﬁlito% %;59' addi tion
of MeOH 10% Heboand-6hec tod udnatph&aec dewart podefEEahdy atio@:t-fit@eﬁ 2002 WO
9915t 550 PC‘JC'/ Ug,gg{]QG?gg CanaI,I.)lcu'sél ErgF (FURS [glré,gcgq]rreeggt LWAR-Rregaict i ndi cat ed

t he presence of & smal [ anount oner . anpl e 4 1nside a drybox under
a nitrogen at pedpgmerézatient bf y"sétr’?fll @uﬁglsonﬁ% ot daas slurried in
anhydr ous 0l 4ueRespRerit) préssuRchienibdiltagks Hhe Hdiask avanisealled, renoved
fromthe drybox and pl aced under an atnosphere of propylene (35 kPa) and
cool ed to OC. *Ffi€%¢ocatal yst, PMAO (0.5 m, 9.3 wto Al in toluene, to
Akzo), was added wrbk vﬂggpwsizﬁﬁircrri rPgoaﬁdsﬁhehfFJé%ﬁeft inRy Bl swedipo proceed

at 0C for 5 hakt pheWlheb bt VRS WY B utlasRTpafleh@Lmaqd ap@okeact for a
further 16 h. The reaction was gquenche 15¥ addi ti on of OH 1 0o HC1 and the

t ol uene phase °¥8@RAfediIBEdis ANf AR tﬁi"gt%'PUo%r?pé' & on 2BFoduct
i ndi cat ed whe ppreyérae ol igoseminayariustloblel cyoimsel ubdanphe thekbasi de a

drybox under qh%aagge Bull 89§P$L?£fy &aets%' ¥$huPdb B&md %36 pFERLh Was

slurried in an rous 20 tol uene m) in a Schlenk flask. Theflask was
seal ed, renpvédef POAPPRETHEFHHXD “bl%é‘drdﬁﬂer %W%ﬁh?%‘sp}ﬁéll“é 6f propyl ene
(35 kPa) and Q@.&ﬂ&det@l@@ne?hecmladay&'rs,, EYREr£&d hatllggehaBei% Al i n

t ol uene, Akzo)n a?ggggfo igq% aft%%\?oz (ﬁr 5{39 angnga% 25 reaction

allowed to pro ee was warnmed to RT and
al | oned t d5redydrpgrriongrt hépedit ¢ Uﬁ?éurleééﬂ%htw@u@mﬁ@dab?raddl tion

of MeOH 10% Hebiardet Baqt @éﬂ@@@ephasq:m@&@badhﬁ;&r@é WHes of this crude
reacti on product i ndi cati t he 30£l&sence of a small anount of oligoner.
20 1 OctobePT2882°BF~AFHB MRt T aimed is 1. A process for the

ol i goneri zati on of Tbeopybepréene oriprdaierg zaliéons epexdim amtvactliseg, at a
tenperature of;in3 389Uy pe~cOrPled &J@QQ)Utth'észng: st dsshunkin Or Co [ |
- conplex OHI%)Erlgentate(VIPand (g leld]OLy, gbr instance,
supporting (II), (IV) or (VII) on a substrate such as
silica or alumina, activating it with the Lewis (such
as W, for instance an alkylaluminum compound} or
Bronsted acid and exposing it to a polymerizable or
25 oligomerizable olefin. An alternative method is to
react or treat the support with W, then react the
treated support with (II), (IV) or (VII). Or W and
II), (IV) or (VII) can be mixed and then the support
treatad with the resulting solution. The support may
30 also be able to take the place of the Lewis or Bronsted
acid, for instance an acidic clay such as
montmorillonite. Another method of making a supported
catalyst is to start a polymerization or at least make
a cobalt complex of another olefin or oligomer of an
35 olefin such as cyclopentene on a support such as silica
or alumina. These "heterogeneous" catalysts may be
used to catalyze oligomerization in the gas phase or
the liquid phase. By gas phase is meant that the

13



Q (13-10 with propylene, wherein: R, R2 and R3 are each inderpedenid v
hydr ogen, hydrocarbyl, substituted hydrocarbyl, or an inert functional
group; t5 are each i ndependently hydrogen) hydracarbyl, an inert
functi onal Rg(r)ggfglsgi? substituted hydrocarbyl; and R6 and R 5?5%5?%//‘?68&
substituted aryl; and provided that a Co(ll) or Co[lll] atom also 20 has
(i) an enpty coordination site or bonded to it a |igand that nay be

di spl aced by sairdppiepy! enegrangoticky ol cg@pset hatt Hmaheadd tia ysai d

propyl ene. 2. The ﬁ’rg gess. as trheci tred 'nngl ai ml, h25 cahar ctseeri zed in that
the conpl ex i sPPEFAEUCHY toht'att PAGPE  Eofpblind” ofF 8 &/ R7%4 21 AVENDED
SHEET 1 Cctober 2002 04 (I1) wwthi_(a) a first conpound W which is a
neutral 5 Lewi s aci dhcapabteardfl abshhagkpogindnes, HHURPfdsemee to form WK

, and which _is also capable of transferri a kyl gr or., a.hydride to
Co, provided tHavVeAKTFsIA YR dIST“EEEF di nﬁg? n€°§#‘?‘)éﬁigg&%%€)“§%&8ﬁ8i nati on
of a second compdundrmhi ghe issddyx capabl e of transferring an al kyl or

hydride group to Co andeanliidl CoapaLadawhl chhd Syidtaldinde S aci d
whi ch is capable of abstracting an group fromCo to forma weakl

coor di nati ng adF@NPSwWREF ef P00 ML tdYdRTR FEOPRRI ¥4 dihd 19 gP™edi-onNoY is 1, 2
or 3 so that thertretabdnoebesndfgmoagati ve charges on said anion or anions

is equal tq,the oxidatign_s f % atompresent in (I1); R, R2 and R3
are each iﬁaependent I y%ﬁydr%cg%ﬁl,l%m‘y%ﬁ 1r:ocar byl , substituted hydrocarbyl,
or an inert functional Ggrougas RhreRGtRSrapky each i ndependent!|y hydrogen,

hydrocarbyl, an inert &gmgsi-onals @hedRat 8§ replet 3 UtREI I a@abyl ; and 25
R6 and R are ar)él or substituted aryl. 3. The process as recited in claim
2, characteri zE8SCH* WSFF& is chloride, bromde, tetrafluoroborate, an

al kyl group or a hydri @BC 3032 permeation chromatography

15 MeOH - methanol
PMAO - polymethylaluminoxane
RT - room temperature
THF - tetrahydrofuran
Experiment 1

20 2,6-Diacetylpyridinebis(2-chloro~6-methylphenylimine)
In a 200 mL round bottom flask, 2.0 g of
2,6-diacetylpyridine (FW 163.18, 0.0122 mole) and 50 mL
of methanol were placed. Next, 3.45 g of
2-chloro~-6-methylaniline (FW 141.60, 0.0245 mole) was
25 added followed by three drops of formic acid and the

solution was stirred at RT under nitrogen for four d,
at which time no precipitate had formed. The reaction
was then refluxed for 24 h. GC analysis indicated that
reaction was incomplete. Refluxing was continued for a

30 total of 1 week. Solvent was stripped from the
reaction mixture via rotovap. Flash chromatography
through a basic alumina column (eluted with
hexane/ethyl acetate 20:1) lead to isolation of an oil.
The o0il was then crystallized from methanol/methylene

35 chloride. Collected 0.21 g (4.2% yield) of pale yellow
crystals. 'H-NMR (ppm, CDCl13): 2.12(s, 6H), 2.32(s,
6H), 6.95(t, 2H), 7.13(d, 2H), 7.30(d, 2H), 7.92(t,
1H), 8.5(d, 2H).

14



AVENDED SHEET 1 Gctober 2002 4. The process as recited i g@bg} 2002
characterized in that said neutral Lewis acid is an al kyl al um num
conpound. W®I9/5TH@ process as recited in claim4, char act ergZedsdofied P at
sai d al kyl al umi num conmpound i s pol ynet hyl al um noxane. 6. The process as
recited in any one of clains 10 1-5, characterized in that: R6 iB RO po Rs
RZ~X~1 R is 15 4 ~~I~ i Re and R13 are each independently hydrocarbyl)
substituted hydrocarbyl or an inerBXBSHM&ASYn# group; RO) R', Rl, R', RI5
and R16 are each i ndepenrdesntéyyyghiofierebiyd-edphleyly listihsyituted 20
hydr ocar byl or an '&rrllegtl gingt irgggld group, R ssan RSB gilroefbeach

yl d hydrotar

I ndependent |y hydrogen) ™ hydrocar , substituted X yl or an inert
functional gréup-dapdepynrdadnendfWah§3t wh: of - L IRIol®s) R0 dRm a (
Rs ~ R's andgR 2-amihabipH i qirral 6b020de0 angs hiafo1dAkemdoget ker nmay
forma ring. 7. The process as.recited.n claim®6 characterized in that: 30
Rl, R~ and R3°§r5‘eﬁ9gP8 SIETPLAGRRDEDT BFRETIIOPY Tt BidH 2362 R, R10 R11,
R14, RI5 ari dwRt6é arddee¢amir ithdependéntihy balogern stkgfedomtddming 1 to 6

car bon atons’nQErgggﬁggeK”precipitate formed after one day. This
was filtered off, washed with cold methanol and dried.
10 Collected 0.84 g (61% yield) of pale yellow solid.
'H NMR (ppm, CDCl3): 2.15(s, 6H), 6.8(d, 2H),
7.15-7.50(m, 16H), 7.75(t, 1H), 8.10(d, 2H}.
Experiment 3

2,6-Pyridinedicarboxaldehydebis

15 {2,6~diisopropylphenylimine)
In a 35 mL round bottom flask, 0.28 g of
2,6~-pyridinedicarboxaldehyde (FW 135.12, 0.00207
moles), 0.73 g of 2,6-diisopropylaniline (FW 177.29,

0.00414 moles), and 15 mL of methanol were placed.

20 Three drops of formic acid were added and the solution
stirred. A precipitate formed within 5 min. Stirring
was continued overnight. The solid was filtered off,
washed with cold methanol and dried. Collected 0.86 g
(91.5% yield) of a pale yellow solid. 'H NMR (ppm,

25 CDCl3z), 1.2(d, 24H), 3.0(m, 4H), 7.0-7.2(m, 6H),
8.0(t, 1H), 8.35(s, 2H), 8.4(d, 2H).

Experiment 4

2,6-Diacetylpyridinebis (2-tert-butylphenylimine)
In a 200 mL round bottom flask, 2.0 g of
30 2,6-diacetylpyridine (FW 163.18, 0.0122 moles) was
dissolved in 25 mL of methanol. Next 3.66 g of
2-tert-butylaniline (FW 149.24, 0.0245 moles) and
3 drops of formic acid were added. A precipitate

started to form after 30 min. The solution was stirred

35 at room temperature overnight. The precipitate was
filtered off, washed with cold methanol and then dried.
Collected 3.88 g (75% yield) of a yellow solid. The
NMR revealed the solid to be mostly the monoimine

15



RB and R13 is each independently hal ogen, phenyl 5 or alkyl @r{eplzggzl to
6 carbon atom; R12 and R1' are each independently hal ogen, phe

hydr ogen, containing 1 to 6 carbon atons; and R and R5 are each
|ndependentl 9;% 5(9gen or 10 alkyl containing 1 to 6 carbon BCDUS99/08817 The
process as reC|ted inclaim?7, characterized in that R9, Rl, R11, Rl', RI15
and R16 are each hydrogen. 15 9. The process as recited in cI aim?7,

characterized in fiak %ngdaggveagglggcm adgq(gl @g,ntzgqmqngolofg carbon at ons
or phenyl, and R12 and R1' are he process as recited in

rogen.
claim9, chara®Cde)z¥@dsi RIRRSE Féta #40 a‘?le fe]é‘(,srlf ‘h¢dP8g&n°br methyl . 23
11. The proces2-asbuegilbadlinec| aethdnothadrattierdropd bfi fhahicRicidRZ. R .
R9. R a. R1l. nd r nd .R and R)
RS, R and R SSES aeredr: Sne BLRsRNRl AN brigntito i lg GRIGIE BT
R's and Rt' Sar élwdryOgé%limR chhErREOER R hyAlL éﬁélﬂsahade ~ axe phenyl :
or R F~~ P' RdR8solNdRi OAmtnarRu? ki 6h& SoRme was aeduBkd aneé tiyslr ogen,
and Rg and R13 are pheny 5 R, R- . R. R5..R9. 4, R15,
and R's are hyd®6gen Soll?gd %Sz?rﬁiép%\tné}ﬁ?lm%réer eS%il-lgrg('pr h?s%rlw AVENDED
SHEET 1 Cbtob@plzm@ﬁ Rnd, reerysRallired fiRIm meRhgnolRand ambnimmys | R16

and R 7 are hm{ongﬁnofR‘&hQBgoB@rﬁr eymé%g zarsd %faaéoﬁﬂétare t-butyl. S
12. The process as recited in_any one of characterized in that

sai d t enper @t ur BTN¥Ra4BER -G 30 hoblir 11?(5‘6(: 14. ’I’h@“b'r ocess as recited in

any one of cl aiev51@,12%) ,chatact eeHred7 i h(t he&¥H)a pr.dSgdy e2vf, sai d

propyl ene is abouf, .at phgrgq gPregsure to about 275 MPa. 14. The process

as recited in any onerm? cl ai ?TBPZ 5§ characterized in that the al kyl

contains 1 to 4 15 carbon atoms. 25 AMESNAEENELEET
[2,6-Diacetylpyridinebis{2-chloro-6-

15 methylphenylimine) Jcobalt[IIldichloride

In a dry, oxygen-free atmosphere CoCl2 (anhydrous,

0.062 g) was dissolved in a minimum of dry THF.
2,6-Diacetylpyridinebis (2-chloro-6-methylphenylimine)
(0.205 g) was added and the solution turned green and a

20 green precipitate formed. The mixture was stirred at
RT for 2 days after which the volume of the solution
was reduced by half and pentane added to precipitate
the product, which was filtered off, washed with
pentane and dried. Yield 0.240 g.

25 Experiment 6

[2,6-Diacetylpyridinebis(2-biphenylimine)]
cobalt([II]dichloride
In a dry, oxygen-free atmosphere CoCl? (anhydrous,

0.135 g) was dissolved in a minimum of dry THF.

30 2,6-Diacetylpyridinebis(2-biphenylimine) (0.500 g) was
added and the solution darkened and a brown precipitate
formed. The mixture was stirred at RT for 2 d after
which the volume was reduced and pentane added. The
product was filtered off, washed with pentane and

35 dried. Yield 0.500 g.

16
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100
?NRU\] bcKNPV{ vpkf a\ WThc’\U] ] ca] ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] caD6] ca] cal] cal] cal] caU] ca
VY] yucKNPV{ vpkf a\ Wrhc”U] ] ca] ca] ca] ca] calfca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]c
aJca]ca]calcalcalca]]ca]ca]ca]calcalcalcalcalcaUca 3JhifL-Y %d0% & ()-Y
%M0% & ()-y#MLO% & ()-10% & ()-FMLO% & ()--nlO0% & ()- 10% & ()-}"FY
% 0% & <% YA0% & ()-Y 0% & ()-<% %d0% & ()-Y %W0% & ()-<% () +u] CY
0% Y 0% & ()-<YRY 0% & ()-)Y YUWO0% & ()-<YRY %UW0% & ()-)Y
%WMO% & ()-+[\ _x"?Y



2/(10%( %0% & (.) Y %40% & (.) <% %40% & (.) Y %40% & () - <% °/d.q 6%%2%%
A0%<%r %A0% & ()-Y 0% & ()-<%' 0% & ()-Y 0% & () - <U<=t
g/d.O%{ & ()- W@%/%QP/@{ & (). )Y 0% & () - .<%&Y %0% & .() )Y %409 % é(gg XN?Y
A0% YA0% & ()-Y Y0% & ()- <% 940% & ()-Y Y%40% & ()- <% © (Y8 } APy
U{MOY<% YA0% & ()-Y U0 & ()-<% %40% & ()-Y UWO0U & ()-<%
ND = not detected
% Me per ene: number of methyl branches per
double bond occurrence.
1B1/1000 CH2: number of methyl branches per
5 1000 CH,.
Example 2
Inside a drybox under a nitrogen atmosphere,
Catalyst 2 (32 mg, 0.06 mmol) was slurried in anhydrous
toluene (25 ml) in a Schlenk flask. The flask was
10 sealed, removed from the drybox and placed under an
atmosphere of propylene (35 kPa) and cooled to 0°C.
The cocatalyst, PMAO (0.5 ml, 9.3 wt% Al in toluene,
Akzo), was added with vigorous stirring and the
reaction allowed to proceed at 0°C for 5 h after which
15 it was warmed to RT and allowed to react for a further
16 h. The reaction was quenched by addition of MeOH/10%
HCl and the toluene phase decanted. Toluene and the
lower molecular weight oligomers (up to and including a
major portion of the Cy fraction) were removed under
20 vacuum. The remaining oligomers were analyzed using,
GC, GC/MS and 13c-NMR. Yvield = 3.7g
The same species present in Example 1 are also
present in this sample. The ND species are also the
same. However, in this sample there are several
25 additional olefinic resonances. There are about
50-100 1Bl methyls per 1000 methylenes.
Example 3
Inside a drybox under a nitrogen atmosphere,
Catalyst 3 (35 mg, 0.06 mmol) was slurried in anhydrous
30 toluene (25 ml) in a Schlenk flask. The flask was
sealed, removed from the drybox and placed under an
atmosphere of propylene (35 kPa) and cooled to 0°C.
The cocatalyst, PMAO (0.5 ml, 9.3 wt% Al in toluene,
Akzo), was added with vigorous stirring and the
35 reaction allowed to proceed at 0°C for 5 h after which
it was warmed to RT and allowed to react for a further
16 h. The reaction was quenched by addition of
MeOH/10% HCl and the toluene phase decanted. GC
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"10% (& ()- & 10% (& ()- #10% (& ()-10% 10% 10%5 E [[:vU4 h " 10% (& ()-
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%B10% (i & ()~ 9 U1 ()-' " zY8

#10%@ @ ()--10"(107(10"(z109%8 (& ()-E (& ()- ~ Y%@BI0% & ()-'6|[:2Y8

n"10%@ @& ()-2 C 1Q%e;d§&a(drﬁb&kjdw@éf%& @ﬁt&bgéﬁ A0RBsPBELfe - 2

I Z10%A! A , Y 0 2

[= 10%{& %) Secdlisy @? 55T 108 “§“ﬂl§‘ %/&éﬂ@ig%ﬁ %%(%A‘%/ér%n%) ~ZvU4

>8" #, &10%-( &'t(o)lue#e&i@@@(n & i1 -a Slca%e(nlﬁf( rsk.y#Thes élasle)wq%)@ @o@ @o@ @
g&; ég"o/ﬁ( % 8 s%flﬁul [ r\éédgyéd 9%&@%8{(1(30&:& bogl (S)nao%iéc&(»)andeﬁlga% &%8%1 & ()-
>10% (" & () - °§P§@‘*‘8 gt %mw% % a a“HSL%‘N@@/% ‘é?l

9&10%' y& () - 'IHe NA¢§®31#3§09@N —5 H¥Nﬂ@%@'g&?(¥lsln 104e R (

10(0)/@9&' .() 10 1Q\@:‘o§ ' bz aﬁé@&@w% (ng}o"ﬂJ&t |s[t1|i*|Mﬂi@ and0f@d 9& () -

10%! g& ()~ reacé o%&aglowed to procegd at 0° % for g&h(gfter which

it was warmed to RT and allowed to react for a further
16 h. The reaction was guenched by addition of
MeOH/10% HCl and the toluene phase decanted. GC

15 analysis of this crude reaction product indicated the
presence of a small amount of oligomer.

Example 5
Inside a drybox under a nitrogen atmosphere,

Catalyst 5 (33 mg, 0.06 mmol) was slurried in anhydrous

20 toluene (25 ml) in a Schlenk flask. The flask was
sealed, removed from the drybox and placed under an
atmosphere of propylene (35 kPa) and cooled to 0°C.
The cocatalyst, PMAO (0.5 ml, 9.3wt% Al in toluene,
Akzo), was added with vigorous stirring and the

25 reaction allowed to proceed at 0°C for 5 h after which
it was warmed to RT and allowed to react for a further
16 h. The reaction was quenched by addition of
MeOH/10% HCl and the toluene phase decanted. GC
analysis of this crude reaction product indicated the

30 presence of a small amount of oligomer.
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109 1*& ()-F t(]|[:NA410 L<s10%!'g& ()- " (109B& ()-(  (1PemioB& $00X
[(10% & ()-( Q (10%& ()-( #(10%l g& ()-( +1}\;10 13210% & ()-
910% & ()- #10% & ()-10g! g10g! g10g! g" 10%g! g& () - m0%y! g& ()- T1@
D [:}\;10 CM1~10% & ()-{" "I ~109%00& ()-{" "|~109%& ()-{" >'1~10% & ()-{"
| ~109% & ()-{") "1098& ()-Dil=""=##|[:}\;10 V' I~10%!& ()-{"
V1 ~109%& ()-{" Hh'|~100& ()-{" 9 |~10mm§) {" >c 1 ~10%& ()-{") CI|~10%
& () - { " S ggg 31%%% SAYI0%&& ()--10$ $10$ $10$ $ 3'Y 10%
$& ()-33Y 10% & (? $$'$ $4%9%; 5| [:zY81  @MOYR& () -

109%&& ()-° Of 109&& e)pr@@mjgfd&' oljeryeripat iop1ofgrrepylene,
gﬁ@i{?%ﬁﬁb& §in gl (a&f c&ﬂt&y %&&n@l atZiO&’&&péiatxéﬁggﬁff ()-
1099& () 3# 2 °1‘6ty& Eéﬁ f%*? (*%&’ ‘?OM‘Z%WQ%F?()I)HEI zY81  L;
T109R& () - chotmdx( pf#alt)%l@?!@ ate Titpmd/RE( Fhe foxOMmRa’ ()-# ~ 109%R& ()-#)
))) ))()7)n)yX71 0°10%&R& ()-3 " 10%Z&Z& () - 10%&+& ()-
#Y109Z&82Z& () -10810810& 10%R&' ()-n)) *L***a| [ : yX71 > " 10%&x&' () -3

S 1092/ W& ()-3 " 10%A& ()-3 " 10%& ()-3 BozoZ& ()-3
+ 10%/ %& ()-3+,*--./00|[:yX71 CRI10% & ()-3 C 10%#}& ()-3
109%&x& ()-3 4°°10%! n& ()-31 H -3

4‘ *109%M&n&' () - 3001 0n000P0GO000VUA  # 1z& ()- 10%!z& ()-
#10%! z& () -10Z28Z10Z8Z10Z87Z1 LgklOWEZ&'Y)- s ~109%& ()-30r 1023z4E5| [ : vU4
QYL0W& ()-2 1 Y10%!z& ()-2 ,° “12& ()-2 V' YI0% & ()-21
Q@B Y10% & ()-2 >Y10%& () - 2E5F66q78 NA410z! z10z! z10z! z

9<10%! z& ()- i Y10% & ()-2 " Y109 =l [TY10% & ()-2 H Y10%
& ()- 28%318@888|[ NA410 9" 1098" &%) - AR% & () T, 109" & () -
#1098" & ()-1 1098" & ()- #1098"& ()-8888888| [RNA410 y ~1098"& ()-
MOYB" & ()-L  L1098"& ()- Y 1098"& (yy1l s1098"& ()- @L0%8"& ()-889:;
| [>NA410 ffz109B"& ()- ;109" & ()- \}-F)10%& ()- QF10%!'& ()-1L
F)1098" & 9 - , 10%& ()- @?;;;;;;; ;zY81l 10U & () -
#109% & () - - 107t eH GeicpdQene, Ladstegn( ) - 10%ms’ () - f 210%mm&: () -

100 ()5 10 & ?i(*?’f‘o%ﬁg'&ﬁf i e iy igé%‘gf V-

V' 1310% & () -hydqoqerhy. g sppstifp %F?‘iar o PROGAR 1D
BAIA: Al AUAJATERRIARNL grbdh" & ()- 10%"& ()- "10%"& () 9109%" & ()

#1096 & (% 101 10! pBB§€ %%Qch m&Qé& eﬁ‘t%}} HydrogedV&! & () -+
109~ (& O)-+ L' 109 A -+,
1098 () - +FG4MHC[%§@1' ay‘#lla?e% éu’(*sft!mml 13?0“91071' subggguged)
10%@" @' () - +thidrocarbyl; and
R® and R’ are aryl or substituted aryl;
and provided that a Co[II] or Coll11l] atom also

20 has (i) an empty coordination site or bonded to it a

ligand that may be displaced by said propylene, and
(ii) a ligand that may add to said propylene.

2. The process as recited in claim 1,
25 characterized in that the complex is formed by
contacting a compound of the formula
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10% ", & ()-+ [° 10% ;& ()-+11"111JJ|[:bU4l U FSS 10%! n&didpber 260FSS
10% 8" f& ()-. nFSS 10% (& ()-. F1098"& ()-@ "10%B"& ()-
1098" & ()-JJJIJI"KUKxK| [ 9bU41 ! 4° FSS 109%& ()-. "FSS 109%&' ()-. " FSS 10%& () -
P FSS 10%p& ()-. "FSS 10%& ()-. 'FSS 10%& ()-.xKr LM\*O?0BOC] | : - 4108"

8&<1098" & ()- "FSS 109%&’ ()-. "FSS 10%8"~& ()-. 'FSS 10%18"u& ()-. 'FSS

109%8" k& ()-. ~FSS 109%8"k& ()-. CODOR@TO Ooqj@PbA4108 S 10% & ()-2 h
10964& () -2 "10%" & ()- 10%" & ()
y#l 109" & () -108" 108" @PQQQRST| [ : A
10%tz #& ()-2 = 109%&' ()-2 V'
, & () - 2T~TUUQVTVUVWWW/| [ NA410107"
S 10%"& ()-2 1090 @ &
C YI0% & ()-. >F Y10%&R&' () -
# 10%8&' ()-X) YYZ?[[\|[: NA41010 >

_‘_N(lo%')l\/D&()-Z > 10%!,& ()-2 C
()2 L 10%

- 1996"& ()- d  109""D& ()-2
6-8&. (Qux 2 W/ Vi WOWFXX| [ : NA41010
y#3100&& ()- mMO%& ()-
Y()-. o YL0%8& ()-. " Y10%" & () -

4 Y1098&' ()-. > YI0%&&' ()-. Y1086 & ( XA\ VU410 #10% & () -
L10% & ()- # 10% & () - 10&10&108K<s9< -(7 -
Y109 ()-.\%]1z""D_[[:vW410 V110§ & ()R 1109%& ()- [ 110% & ()-

VI110% & ()- | 109% & () - Ilo%I'T&.(gI . abbcecf cgchc| [ NA41010" 10" 10"
1096 & ()-  C1& 10%! & ()- [ & 10% &F- v & 10% & () -
V1109 & () - wembeccee| \ <NA41010p10°/% & () plO%?/o' & ()- "10986 & ()-
| 10984 & ()- LmL0%A s hic )15 neytral 10086 & ()
#1096 & () - ceoceocuYs 41010p10%?/:§ 310558 & b8 () -p10%6 &
-pl0984 & %) Levi & crpEReARAR L ‘%) &“(% )‘g’ﬁg‘gﬂ -pl0984 & ()
-pl0%s & () - cocfocmuWENAélﬂlOmiem& é)splﬁmmé)eﬁ Mn&‘n@g plgo/% & 8
- pl0986 & () - Q! o 10984 &'
-p10%B & () - 3‘%53 g I\%%ﬁ% 8‘?\1&%}0 ONe410105 10%% (9(()7)843%1()@% r&lbe?péﬁ O/e)%& () - pL0%%b
"& ()-pl098s & MFAPHRISOPEGHRA NS MALTH1 RFL0%A & () - plOO/%& () ) 2mp109%8% & (
) - p109%84 & () - p1l098s &(b) - adgmmumhmmmlslem~&o@eapaoem&@s)')nploo/a%

& () - pPLO%6 & GLapi Q%RE {rln&lﬁl,‘-%\ %411&11' t %{@é

w | 1098 () - smllO%&& I#&d‘% 10/
Y&109& () - : Y@DGo@ ERiTd’ q@meoynq whigh dog g peutra RV

ggggghhth<43a®11k:}£&iB‘V&aﬁ)blé d&l&ﬂ&:@ctl‘f&l%ﬁ&x() gtlup f£rom C@ to
Y&I0%&' ()-:Y 109 () -: Y&LOY%& -
Y&10%&: () - %’%é& %‘eagw&%@é&%&%%@hUththx@uolA
Y&109&' () - Y&locy&wg)ereanv&locy& ()-: Y&L0%& () -

Zhahf hghjiskhl hyht \ <4aaa:mx02/& mdlﬁa@ﬂm&a@ AnYREQYE’ (

Y&10%&: Y&L0%&: h 4

(Y&lO%&(%) Y&lO%&() RO B0 F?Q%%%h%%ﬁ?f%& §§g99§«§ {; M 10% () - M

Y" 10% & () - &Wmﬁ"& E}’ar?ﬁ&o%&ﬁﬁd BHG ]F ian2Ts 18| {"-299 39 "F 10%

1& ()-, F 0% ‘oxfdakrien Btad@¥EB D& )aton loreeB DA (XI)4F 109N () -,

\1(;)(}/9‘;{? & () Efb' '1 cor {T‘gmo{;@ﬂglﬁ’ afe OV deridentTy h0dPogat, (V-1 Y F
’ ()_20 hydrocarby g, substituted hydrocarbyl, or an inert

gggggng@llOll "

functional group;

R' and R® are each independently hydrogen,
hydrocarbyl, an inert functional group, or substituted
hydrocarbyl; and

25 R® and R’ are aryl or substituted aryl.

3. The process as recited in claim 2,
characterized in that X is chloride, bromide,
tetrafluoroborate, an alkyl group or a hydride.
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100\ & ()-, F 109%Y D& ()-,00000000"pvU410 i F10%#t #& ()- { Octéher20a2 () - (
Ysmlo% & ()-( Y#10% & ()-'10"10"10" Y;10% & ()-"p, pYp-qbrrrzY7vU410
I"F10%&.()- ( r F10% ,& ()- ( Y FI0B & ()- ( |A F10%B"6&'() ( * F109%& () -
('""F10%t & ()- (rgth9uduguhuiuju|[h%AlO 10"10"10" VY;10% & ()- Y F1LO09%&R&' () -

( w F109%4~!1& () - F10% , & () - Y F10% & ()- (juyuuuunvgv|[:NA410 10
YL10% & ()- Y 10%1$ émflO% % (n% Y9 10% & () -
Y #l 10% & () - qvuéxvv&ﬁé ‘T\ﬁéﬁ ’%6%&" )Clé‘}lF‘ ocy & ()-s i P 10% & ()-s

i 10% & () - s cHBgEEef)zed, 1 GIOWE qex@ma@mﬂxﬁ-{ew}megé 109¢&n() -
YE>109% & () -a16@®1 2QUkhEn{ih- codpod¥f & () - 93.' 10% &f & () -
Y 10% & () -sxxxyyQyz{a@110( Y 10% & ()-Y _3° 10% & ()-! h 10%8& ()- Y9
10% & ()- Y#310% & ()-10(10({1{{9[||[}zY8@110 Y210%!& ()-& Y 10% ()-&
P° 10% &5()- Y B0vaTRe(progeps 1@84reqitad/in claim 4, 0-

109%& () - [} " }aDalh hYBRAO Sy Ry &lUhrikldh EempBuhd0%s & F
Y>10% & () - @} 1096 é%}rii}z&}vglow & ()-11k ~~i~&~| [:fY8110 gL 10%h & ()- L
10%v& () - T1GEXB9s

6. The process as recited in any one of claims
10 1-5, characterized in that:

R® is
R’ R‘lﬁ
R R
R" (X);
R is
R|3
R1T R“
15 Re Rexn);

R® and R'® are each independently hydrocarbyl,
substituted hydrocarbyl or an inert functional group;
R®, R*®, RY, RY, R*® and R'® are each

independently hydrogen, hydrocarbyl, substituted
20 hydrocarbyl or an inert functional group;

R*? and R' are each independently hydrogen,
hydrocarbyl, substituted hydrocarbyl or an inert
functional group;

and provided that any two of R®, R?, R, R!!, R'?,
R?, R, ®R*, R and R¥ ‘that are vicinzl to one

another, taken together may form a ring.

(54
(¥, ]

7. The process as recited in claim 6,
characterized in that:

30 R, R? and R® are hydrogen;
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& ()- FL10%#& ()- Y,10%# & ()-~~~~~ JI[:fY8110 Yd %0%P &ddoeber2002
WO A & ()- YS$F10% # & ()- YFIMIO% # & ()-" Y$10% # & ()- YSI0% # & ()-@
), | [:fY8110 VYI>10%# & ()- Y,:10%# & ()- Y %W0% & ()- 9OuCTC& ()-
WOoYeH>& ()- |U %0%y! 0& ()-:<=>?NyX7110 dU &10% >& ()-F
YH &10982#3& ()-F _8&10%0"9& ()-F Y#3109%82#3& ()-10 # 10 # 10 #
rR%, R, R*®, R*, R*® and R*® are each
independently halogen, alkyl containing 1 to & carbon
atoms, or hydrogen;
R® and R' is each independertly halogen, phenyl
S or alkyl containing 1 to 6 carbon atoms;
R*? and R' are each independently halogen,
phenyl, hydrogen, or alkyl containing 1 to & carbon
atoms; and
R' and R® are each independently hydrogen or
10 alkyl containing 1 to 6 carbon atoms.

8. The process as recited in claim 7,
characterized in that Rg, Rm, Ru, R", Rls, and R are
each hydrogen.

15
9. The process as recited in claim 7,
characterized in that R® and R*® are each alkyl
containing 1-6 carbon atoms or phenyl, and R*? and RY
are hydrogen.
20
10. The process as recited in claim 9,
characterized in that R' and R® are each hydrogen or
methyl.
25 11. The process as recited in claim 7,
characterized in that:
R', R*, R}, R, R', R', R, R and RS are
hydrogen, R® and R' are chloro, and R*, R®, R and R’
are methyl; or
30 rRY, R, R®, R, R, R™, R'?, RY, R, R and RY
are hydrogen, R' and R® are methyl, and R® and R* are
phenyl; or

Rl, Rzl R3l R‘; R5;< RQ‘ Rlol Rl_l‘ Rlzl Rl‘, Rlsl R15
and R'’ are hydrogen, and R® and R'® are phenyl; or
35 R1 , Rz , R3 , R. , RS s Rs , R1° , Rll , R14 , Rls , and Rl‘

are hydrogen, and R®, R**, R" and R' are i-propyl; or
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&p- 589>EDLVSYQ el i rusz>~i A$&A, 045; ?EJJOZchmr gy ~V+<G 'J'L_UtllD,! # 3,
$L$I&)n)iOOOE5888?~ The process as recited in any one of claims

; =8ApBFI IxKTOSP T¥lXYxhctertzed] Pdv ddggh Aadldy tleimpepa puire qimxdaboyt-:

F"HBUR () * +,_waf Ti oROomanAri al Couri er New'h Root

Ent r yWor AN e Aﬁ.s'%fl?/%ﬁ( )8* ¥ -./0123456789: ;

<=>?@ABCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{| } ~
!"#f%&é()*;,--3&32345ﬁﬁ8$proci§s\ai ;eciteﬁ in aﬁr one of claims

<=>7 I SL UV WX ~

K #$%. ((;EE_'_S'_:'IS/,OE%%%gE% grg ‘Jhact @%%%&QHE ogngggd éropy]yglgé}

<=>? @G\BCDEF sl akENKOPERSFONSWIG [ RIessuse def givopk| RRBpYPat uvwxyz{| } ~

I"#B9& ()*+,-./0123456

14. The process as recited in any one of claims
2-5, characterized in that the alkyl contains 1 to 4
1S carbon atoms.
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