1 defin Polynerization Catal yst and Pol ynerization Process The present
“i-nvention relates to a polynerization catal yst useful for the

pol ynmeri zati on and copol ynerization of olefins. The present invention also
relates to olefin polynerization and copol yneri zati on processes using such
pol ynerization catalysts. Polymers and copolyners of olefins generally
exhi bit excellent nmechanical properties suitable for use in many fields of
application. These materials have beconme so widely used it is hard to
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et al. disclga? ﬁ catal yst that contains (A) a transition nmetal conpound
represented‘by'¥‘e general fornula (i) and, optionally, (B) at |east one
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1ike; n is acofstruction, automobile body parts, and packaging for food and medicine.
One class of catalysts for the polymerization and copolymerization of olefins
is disclosed by Matsui et al. in U.S. Patent No. 6,593,266. Matsui et al. disclose a
catalyst that contains (A) a transition metal compound represented by the general
formula (i) and, optionally, (B) at least one compound selected from an
organometallic compound, an organoaluminum oxycompound and a compound that

reacts with the transition metal compound (A) to form an ion pair. Formula (i) is

disclosed by Matsui et al. as follows:

@)

wherein M is a transition metal atom selected from Group 3 to Group 11 of the
periodic table; m is an integer from 1 to 6; A is --O--, --8--, --Se--, or --N(R5 )--; Dis -
-CRHR?)--, --SiR°)R'®)--, or the like; Z is --R" and --R", ==CR!*)R'S, ==NR"" or

the like, R! to R are each selected from H, a hydrocarbon group or the like; n is a



nunber satisfying a valence of M and X is a hal ogen, a hydrocarbon group or
the like. Notwithstanding, a need still exists for new olefin

pol ynmeri zation catalysts that exhibit high polynerization activity. There
al so exists a need for catalysts for the polynerization of ethylene that
provides a substantially linear producty (i.e. polyethylene with a |ower
degree of branching). There further eX|sts a need for catalysts that wll
enabl e the preparation of substantially linear polyners while exhibiting

tol erance t qupedatibfigaivalefise FME;ant Xais ahBleyends Bydioqatngredp srapo! ymeri zi ng
nononer s bearing pol ar substituents. The pol ynmeri zation catal ysts of the
pr esent i VSt i on may satisfy one or nore of these needs. In one aspect of

the present lnvemdmmsmefnga e@EtﬂV&ﬁﬁQfe@n&%béﬂﬁbbl?ﬁa }iPdtion CALS¥ St
conprising: a netal center ected fromtitaniu zirconium (Zr),

haf ni um ( Hf )thatrw(blhéIhlgpmo)ynwndatpalattadiyur’fherpd}somsth aa@ecg fencatalpsiefos el at i ng
0ROt a8 G el o led SRl BARy LBl RLELY, wherein the

at | east oné) g I ng sas ruc ure’ se romformula Ito IV

Rl R N\ N pdlyexhy(ldn): wifR al&herlaéga‘eé\lo%r&dﬁingﬁ | Ther&further eRists dNeedfor(111) R R1 R
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any hydr ocar‘ﬁ‘;ﬂ ys&"ﬁ?}b‘”ﬁeu‘!@ 3&%493%%,? u béﬁ“ggﬁupﬁ”’% r5(“’ih§e sel ected from

oxygen, nitr&aeitimnelefadtd tdipolar impurities such that they are capable of copolymerizing
monomers bearing polar substituents. The polymerization catalysts of the present
invention may satisfy one or more of these needs.

In one aspect of the present invention there is provided a polymerization
catalyst comprising: a metal center selected from titanium (Ti), zirconium (Zr),
hafnium (Hf), nickel (Ni) and palladium (Pd) with at least one chelating ligand
comprising a carbene with at least one anionic moiety, wherein the at least one
chelating ligand has a structure selected from formula I to IV
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wherein both the carbene and the anionic noiety are coordi nated to the netal
center. In another aspect of the present invention, there is provided a
process for preparing a honopol ynmer conprising contacting at | east one
a-olefin nmononmer with a polynerization catalyst in the presence of an

al um num activator, wherein the polyneyization catalyst conprises: a netal
center selected fromtitanium (Ti), zirconium (Zr) and hafnium (H) with
two chelating |igands conprising a carbene wth at | east one anionic

noi ety, wherein eac#f of t chelating |igands have a structure

i ndependently select®d fr-omfornula | to IV, wherein Ris any hydrocar byl
group; each Rl is independently any hydrocarbyl group; R2 is any hydrocar byl
group; and X is ggL ct edyff om oxygen, nitrogen and sul fur; wherein both the
carbene and the ®&ni onie” y are coordinated to the netal center. In

anot her aspect of the pres invention, there is provided a process for
preparing a copol ynmer conprish contqﬂyjng at least two different nononers
sel ected from a-ol gfii ns, ;norbornenes and styrenes with a pol ynerization

catalyst in the preasenge of an al um num activator, wherein the
pol ymeri zati on cat al conprises: a netal center selected fromtitani um
an

(Ti), zirconi um(;j/)u m (Hf) with two chelating |Iigands conpri sing

a carbene with at | ea on¢

\

oni ¢ noiety, wherein each of the chelating
| i gands have a structure ir--o-ndently“aplected from forrmula Ito 1V,
wherein R is any hydrocarbyl qroup; eéc R is independently any
hydrocarbyl group; R2 is aRy Wdrocarbyl group; and X is selected from
oxygen, nitrogen and sul fur; wherein bofh the carbene and the anionic

noi ety are cd®eginRisagy hydsoqarhyl monpy cagleRt isfindependentlyanythydrocarbyegounsf t he
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(Pd) wth a chel a?rll aﬁamﬁ %Ber?glgfgég rreisegllk ﬁ‘gg‘g“’é‘ atﬁlgréa’ rllsepr\gv‘l' 1? T"nd é’? ' eesgg ' one ani onic
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hydr ocar byl QPQHIS,HZM’@E ¢ %y%%@mﬁﬂffﬂ%ﬁf’gﬁ ‘HBIPB'BBL acg‘ﬁ’dorxwf‘?e?éﬁeect ed from
oxygen, nitr @gBmedndios dhthlyst compdick:Ch Metabtdhtdr Beletall @ €itadlifn {1 ani onic
noi ety are coordinated to the netal center. . .

zirconium (Zr) and hafnium (Hf) with two chelating ligands comprising a carbene

with at least one anionic moiety, wherein each of the chelating ligands have a

structure independently selected from formula I to IV; wherein R is any hydrocarbyl

group; each R! is independently any hydrocarbyl group; R? is any hydrocarbyl group;

and X is selected from oxygen, nitrogen and sulfur; wherein both the carbene and the

anionic moiety are coordinated to the metal center.

In another aspect of the present invention, there is provided a process for

preparing a copolymer comprising contacting at least two different monomers

selected from a-olefins, norbornenes and styrenes with a polymerization catalyst in

the presence of an aluminum activator, wherein the polymerization catalyst

comprises: a metal center selected from titanium (T1), zirconium (Zr) and hafnium

(Hf) with two chelating ligands comprising a carbene with at least one anionic moiety,

wherein each of the chelating ligands have a structure independently selected from

formula I to IV; wherein R is any hydrocarbyl group; each R' is independently any

hydrocarbyl group; R? is any hydrocarbyl group; and X is selected from oxygen,

nitrogen and sulfur; wherein both the carbene and the anionic moiety are coordinated

to the metal center.



I n anot her aspect of the present invention, there is provided a process for
preparing a copol ynmer conprising contacting ethylene, an acrylic nononer and
a polynerization catalyst, optionally in the presence of an al um num
activator, wherein the polynerization catalyst conprises a netal center

sel ected fromnickel (N) and palladiym(Pd) with a chelating Iligand
conprising a carbene with at |east one anionic noiety, wherein the
chelating ligand has a structure selected fromformula Ito IV, wherein Ris

any hydrocar byl gﬂ@:tuﬂiereﬁpébto?'thei;ﬁesbﬁtdﬁmﬁdﬁlﬂtelre)ﬁs@ftyideydrpmbafshyﬂ group; R2
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moiety, wherein the chelating ligand has a structure selected from formula I to IV;
wherein R is any hydrocarbyl group; each R' is independently any hydrocarbyl group;
R%is any hydrocarbyl group; and X is selected from oxygen, nitrogen and sulfur;
wherein both the carbene and the anionic moiety are coordinated to the metal center.

In another aspect of the present invention, there is provided a process for
preparing a copolymer comprising contacting a polymerization catalyst with at least
two different monomers selected from a-olefins, norbornenes and styrenes in the
presence of an aluminum activator, wherein the polymerization catalyst comprises: a
metal center selected from titanium (Ti), zirconium (Zr) and hafnium (Hf) with two
chelating ligands comprising a carbene with at least one anionic moiety, wherein each
of the chelating ligands have a structure independently selected from formula I to IV;
wherein R is any hydrocarbyl group; each R! is independently any hydrocarbyl group;
R? is any hydrocarbyl group; and X is selected from oxygen, nitrogen and sulfur;
wherein both the carbene and the anionic moiety are coordinated to the metal center.

In one embodiment of the present invention, the polymerization catalyst
includes a metal center selected from titanium (T1), zirconium (Zr) and hafnium (Hf)
with two halide ligands and two chelating ligands; wherein the two halide ligands are
independently selected from chlorine (Cl), bromine (Br) and iodine (I); wherein each
chelating ligand comprises a carbene with at least one anionic moiety and wherein

each chelating ligand has a structure independently selected from formula I to IV



R R N\ Nn XG(lIll) R R RANNX (IV) 0 Rz wherein R may be any

hydr ocar byl group, alternatively R may be selected froma hydrocarbon and
an aromatic; each R nmay independently be any hydrocarbyl group,
alternatively each Rt may i ndependently be selected from hydrogen (H) and
methyl (Me), alternatively each Rl forgs part of a cyclic aromatic or

hydr ocarbon group; R2 may be any hydrocarbyl group, alternatively R2 may be
sel ected from hydrogen (H), nmethyl (M), t-butyl, adamantyl, phenyl (Ph)
and anthracenyl; and X is selected from oxygen, nitrogen and sul fur;
wherein both the carbene ang the anionic noiety are coordinated to the
netal center. In oné aspecR of this enbodi nent, the polynerization catalyst
may have a structure ted fromformula (V) and (VI) 6 R R Rt f RN
N RNNNXR2 X~M"XL X\ h4AXRznXt \ Xt R NNRN-RX R R MR

(M) wherein R g;(N , X are as defined above for this enbodi nent
and wherein each X1 isya hal Nde ligand independently selected from wherein
the two halide ligands are \ ndeg@ndent(ly sel ected fromchlorine (),

brom ne (Br) and iogjne (LQ. I'n*anot her enbodi nent of the present invention,
t he pol ynerization talyst includes a netal center selected from nickel
(Ni') and pall adi um ( with a chelating Iigand; wherein the chelating

| i gand conprises a cdrbene k~at | east one anionic npiety and wherein
ture i ndependently selected from formula

each chel ating |i@andN\uds a
lto I'V; wherein R may Be an df ocar byl group, alternatively R may be
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wherein R may be any hydrocarbyl group, alternatively R may be selected from a
hydrocarbon and an aromatic; each R' may independently be any hydrocarbyl group,
alternatively each R! may independently be selected from hydrogen (H) and methyl
(Me), alternatively each R' forms part of a cyclic aromatic or hydrocarbon group; R?
may be any hydrocarbyl group, alternatively R? may be selected from hydrogen (H),
methyl (Me), t-butyl, adamantyl, pheny! (Ph) and anthracenyl; and X is selected from
oxygen, nitrogen and sulfur; wherein both the carbene and the anionic moiety are
coordinated to the metal center. In one aspect of this embodiment, the polymerizatior

catalyst may have a structure selected from formula (V) and (VI)



sel ected froma hydrocarbon and an aromatic; each Rl may independently be
any hydrocarbyl group, alternatively each R may independently be sel ected
from hydrogen (H) and nethyl (Me), alternatively each R forns part of a
cyclic aromatic or hydrocarbon group; R2 may be any hydrocarbyl group,
alternatively R2 my be selected fron1gydrogen (H, nmethyl (Me), t-butyl,
adamantyl, phenyl and anthracenyl; and Is selected from oxygen, nitrogen
and sul fur; wherein both the carbene and the ani oni ¢ noiety are coordi nated
to the nmetal center. ghn oge aspect of this enbo |nenq t he pol yneri zation
catal yst further conpﬁ}sgf a hydrocarbyl |igan a neutral |igand

coordi nated with the met enter; wherein the q?ﬁ%%ca byl ligand is
selected from nethy henyl (Ph) and je @ erein the neutral
ligand is selected fro phi ne, am ne d pyrijdi ne n anot her aspect of

t hi s enbodi nment, ﬁgi;zpkmerization cat al XH%MHgi coaprises a chel ating
hydr ocar byl Ilgand oordigﬁted with the | céen x1The chel ating |igands
of the present inv@f¥iHn ‘Conprising a carbé&ne 1t | east one anionic
noi ety may be pre@aﬂgg"ﬂor exanple, using th

I 0

esis nethod depicted in
the follow ng equati : 7 HR NH O Et0 O | RRTHX CEO O HRRI / OO
R XH 1) BH3-THF 2C H2Ar ~ d ONTHFZrefI ux HC(OEF)S /[ o0 2) éﬁ-& /[ \ OXx
C1000 (O C I JidreiffRIK?, ¥P MBnd RlakLisrRtihetRlbyve 168 thiderfibofiindht kil WherBinN + Vi n
Ro N8 each X' is a halide ligand independently selected from wherein the two halide ligands

are independently selected from chlorine (Cl), bromine (Br) and iodine (I).

In another embodiment of the present invention, the polymerization catalyst

includes a metal center selected from nickel (Ni) and palladium (Pd) with a chelating

ligand; wherein the chelating ligand comprises a carbene with at least one anionic

moiety and wherein each chelating ligand has a structure independently selected from

formula I to IV; wherein R may be any hydrocarbyl group, alternatively R may be

selected from a hydrocarbon and an aromatic; each R' may independently be any

hydrocarbyl group, alternatively each R! may independently be selected from

hydrogen (H) and methyl (Me), alternatively each R' forms part of a cyclic aromatic

or hydrocarbon group; R? may be any hydrocarbyl group, alternatively R* may be

selected from hydrogen (H), methyl (Me), ¢-butyl, adamanty), phenyl and anthracenyl;

and X is selected from oxygen, nitrogen and sulfur; wherein both the carbene and the

anionic moiety are coordinated to the metal center. In one aspect of this embodiment,

the polymerization catalyst further comprises a hydrocarbyl ligand and a neutral

ligand coordinated with the metal center; wherein the hydrocarbyl ligand is selected

from methyl (Me), phenyl (Ph) and mesityl and wherein the neutral ligand is selected

from phosphine, amine and pyridine. In another aspect of this embodiment, the

polymerization catalyst further comprises a chelating hydrocarbyl ligand coordinated

with the metal center.

The chelating ligands of the present invention comprising a carbene with at
least one anionic moiety may be prepared, for example, using the synthesis method

depicted in the following equations:



N fl" XH Chelating hydrocarbyl |igands suitable for use with the present
invention include allyl, linear and branched C3-C20 al kenyl, C6-C 5
cycl oal kenyl, allylic ligands or canonical forns thereof, optionally
substituted with hydrocarbyl and/or heteroatom substituents selected from
| inear or branched C1-C5 alkyl, linear or branched d-C5 haloal kyl, I|inear
or branched C2 -C5 al kenyl and hal oal kenyl, hal ogen, sulfur, oxygen,

ni trogen, phosphorus, and phenyl optionally substituted with Iinear or

branched C1-C5 alkyl, linear or branched C -C5 ¥al oal kyl, an n;
wherein the cy(o:f oal:klyl EH?«QI N ycl oal kany! NyRo# sgyNHae nonocyc\i c/or

mul ticyclic; wh nt - 03 oups be a gl e r} e. d. henyl ) or
a fused ring gyste (e.gTFE dbhthylﬁ@ whigy ei n clq cycYoal kenyl

and aryl groups can be taken together to forma fused ri/mg s&stenl and
wherein each of the nonocyclig, mylticyclic and aryl rifg s¥8tems nay
optionally bE) Hy(olut '§ubsti t @toed~or ,qwzk,ti substituted with a su i tuent

i ndependent | 'E ted _from hydyoden, |jinear and branc -C5 al kyl,
| i near and br;HEEAQ?C1 haf oal kyl , +$¥§§kﬂ&ﬂd . ®.§L-C5 al koxy,
chlorine, fl @op#q.He!, | oW E?

dm ne, C5-Y9€L0 cycl 06- €15 cycl oal kenyl
and C6-C30 aryl. In ong aspec ZZe

5 | i gand may be
sel ected fromthe grdup oXHstructures depicted inf Strtittures A-E bound to a
metal center Mor a netal center with a |igand ). 8 Meo IV /ML)
Structure A Shem@tvsve B Structure C Structure D Structure E NMononers
suitable for use with the present invention include a-olefins, norbonenes,
styrenes and (neth)acrylates. a-Oefins suitable for w8e with the present
i nvention include,/Tar exanpl ghhyl enea propyl g€\ 1-butene, 1-hexene and
1- oct ene. Nor bor peNetY pe ™ norokrs surraﬁré—?brRau<§9ﬂifr‘khe present
i nvention include, for exanple, norbornenes bearing p Iarxﬂroups such as
carboxylic acid ester. The term "norbonene-type nononer"” as used herein and
in the appended CCRIfgih§didBAP ligBnRRGRIPRADE uR W ilhARBfBsenbitbaitiohut ed

nor bornene, as wel|l as any substituted and unsubstituted hiqher cyclic
include allyl, linear and branched C3-Cy alkenyl, C¢-C;s cycloalkenyl, allylic ligands

or canonical forms thereof, optionally substituted with hydrocarbyl and/or heteroatom
substituents selected from linear or branched C;-Cs alkyl, linear or branched C,-Cs
haloalkyl, linear or branched C; -Cs alkenyl and haloalkenyl, halogen, sulfur, oxygen,
nitrogen, phosphorus, and phenyl optionally substituted with linear or branched C;-Cs
alkyl, linear or branched C,-Cs haloalkyl, and halogen; wherein the cycloalkyl and
cycloalkenyl groups may be monocyclic or multicyclic; wherein the aryl groups can
be a single ring (e.g., phenyl) or a fused ring system (e.g., naphthyl); wherein the
cycloalkyl, cycloalkenyl and aryl groups can be taken together to form a fused ring
system; and wherein each of the monocyclic, multicyclic and aryl ring systems may
optionally be monosubstituted or multisubstituted with a substituent independently
selected from hydrogen, linear and branched C;-Cs alkyl, linear and branched C;-Cs
haloalkyl, linear and branched C-Cs alkoxy, chlorine, fluorine, iodine, bromine, Cs-
Cjo cycloalkyl, C¢-Cy5 cycloalkenyl and Cg-Csg aryl.

In one aspect, the chelating hydrocarbyl ligand may be selected from the
group of structures depicted in Structures A-E bound to a metal center M or a metal
center with a ligand M(L).



derivatives thereof, provided that the subject nononmer contains at |east one
nor bonene-type nnlety or substituted norbonene-type noiety. Norbonene-type
nononers suitable for use with the present invention may include
substituted norbonmene-type nonomers and hi gher cyclic derivatives thereof
that contain a pendant hydrocarbyl substituent or a pendant functional
substituent containing an oxygen atom Norbornene-type nononers suitable
for use with the present invention may include norbonene-type or

pol ycycl ool efi n nononers are represented by the fstructure beLng S9RBRA W
Wa RS R6 7 M (vu) wherein W i gsel ected he group i+ g;dlng, but
by no neans lim.ted to, an oxygen, nitrogen a hydrogen tached
thereto, a nlt'/dsn mnth a~J i near gched

thereto, a nifrigge anched attached
thereto, a sulfu and 2 ne (CH2)n' -
wherein n' is i nt eger gm1l to 5, gdubl e bond; R3,

R4, R5, and sRengd@gh indgpgndently rephgsent a Maﬂmn @nbydrEocar byl or a
functional substituent; mis an integer fromO to 5 wth the proviso that

when "a" is a double bond both (i) one of R3 and R4 is not present and

(i1) one of RS anqomerés 21, REGSERh thE ?esérﬁqﬁven&%%aﬁ&r&mieﬁg;oups as used

herein and in the appende al s enconpasses rogen, hydrocarbyl groups,
hal ohydr ocar byrborgenss,ptyrenepandiaietacdylatesar byl gr oups and perhalocarbyl gr oups.

In one enbodi rrent &g ns'? 1hab§ f&{ ng%é&r %rese%%vén@%ﬁ%%ﬂgg%l'g e{esent

hydr ogen, |i near ranc i hear Fanch C2- C10
al kenyl , |i nethylens, phlpﬂlﬁttehéebu@ﬁe (Il-l@xaieleymychteﬁdNGﬂlﬂmeoy—@lpaaidnymprsm Cl12

cycl oal kenyl sult(zigle?or use w¥tl1 the%rr]esen va%tlon mglugey for exam&e noebomenesngearlhg
polar groups such as carboxylic acid ester. The term "norbornene-type monomer" as
used herein and in the appended claims is meant to encompass norbornene,
substituted norbornene, as well as any substituted and unsubstituted higher cyclic
derivatives thereof, provided that the subject monomer contains at least one
norbornene-type moiety or substituted norbomene-type moiety.

Norbornene-type monomers suitable for use with the present invention may
include substituted norbornene-type monomers and higher cyclic derivatives thereof
that contain a pendant hydrocarbyl substituent or a pendant functional substituent
containing an oxygen atom.

Norbornene-type monomers suitable for use with the present invention may
include norbornene-type or polycycloolefin monomers are represented by the

structure below:



R3 and R4 or R5 and R6 may col l ectively represent a Cl-Cl O al kyl i denyl
group. Representative al kyl groups include, but are by no neans |limted to,
met hyl , ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl,
pentyl, neopentyl, hexyl, heptyl, octyl, nonyl and decyl. Representative
al kenyl groups include, but are by no geans limted to, vinyl, allyl,
but enyl and cycl ohexenyl. Representative al kynyl groups, include but are by
no neans limted to, ethynyl, 1-propynyl, 2-propynyl, 1- butynyl and
2-butynyl. Representative cycl oal kyl groups incﬁgge, but are by no neans

I

limted to, cyclopentyl, cyclohexyl and cyg] substituents.
Representative aryl groups incl no neans |imted to, phenyl,
napht hyl and ant hracenyl . R groups include, but are by

no means limted to, beaZyl 2 __Rer F? ntative al kyl i denyl
groups include, but arg im met hyl i denyl and
et hyl i denyl groups. Wh¢ b 1 s(are) a functional
substituent, R3, R4, R% represent a radical selected
from (CH2) -CH(CF3)2-- ‘ --0-CH2-- O - CH3,
--(CH2), -CH(CF3)2--0-0NQ- (8d2) n-- C(CF3)2--0CH
--(CH2)NnC(O) NH2, --(CH2)nC(® I'nC( D --_ (CH2)C -ORrR7 , --(CH2),
-OC(OR7, --(CH2) -C(OR7, oRY, -- ( )nSi (R) 3,
--(CH2) nSI (OR7) 3, --(CH2) = 2) NC{O) OR8 wherein n
i ndependently represents an integer fromO t0 10 and R7 independently
represents hydrog€H) |inear or branched Cl-C20 al kyl, linear or branched
Cl1- C20 hal ogenat edpr. e | ogenat ed. a | ,, Iinear or branched C2-Cl o
i kenyl 11 neRErh Wisgelitled PR BNt e bece P ER Bl BRI G- 19 aryl
C6- C14 hal ogesgpeda fitropal Wit oBRIAGHet dit@hyd theretd)d nitrogéRwitR b tihday IC, to Cyo

set forth under the definjtion of R7 are

Represent ati ve hydrocarbyl groups )
the same as tal(ilﬁ’é é“i“ﬂ'é‘ﬁP‘tﬁcp%(gm%@v%m&ﬁ%’rw‘t&h%br&%‘meﬂictl i‘q_)ﬁloé*ky'FgWRi“g?S. As set
forth above updeied dRrdts) a3B1rhla0d B i fRE Bytup OF RMRS: Hetfdratr fm-@z?ﬂ R7 may be

hal ogenat ed and per hal ogenat ed. Al um num activators suitable for use with
the present Whivanfjipan ingpgerfan 1 fo}, "axiamsingle onadpeiie hendoRake, R, and

| sobut yl al um graxanage pendbifly pYdsSR My a8 1t BaR6) tional substituent;

hydr ocar byl hal oal um cnpgganeg ugﬁgasg’t hgéség]cti’gscrl earafurxlm\l/q\lgaZSél(g%bné%n4’66 and
i oni ¢ al um norayrtissgerdom Gt X, Witb thedus\dsd thatdvlien "W0s a20ddoBa@ both Sde

embodi ment s ofy PR3 RIARAL hot RERGROR:) Wbl bt ROMaRe iR lbhigd Tn detail in

The term "hydrocarbyl groups” as used herein and in the appended claims

encompasses hydrogen, hydrocarbyl groups, halohydrocarbyl groups,
perhalohydrocarbyl groups and perhalocarbyl groups. In one embodiment, R, R*, R’
and/or R®, may independently represent hydrogen, linear or branched C;-Cyo alkyl,
linear or branched C,-C) alkenyl, linear or branched C,-Cyq alkynyl, C4-C;2
cycloalkyl, C4-Cy; cycloalkenyl, C¢-C)2 aryl, and C7-Cy4 aralkyl. In one embodiment,
R?and R* or R’ and R® may collectively represent a C;-Cjq alkylidenyl group.
Representative alkyl groups include, but are by no means limited to, methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, neopentyl, hexyl,
heptyl, octyl, nonyl and decyl. Representative alkenyl groups include, but are by no
means limited to, vinyl, allyl, butenyl and cyclohexenyl. Representative alkynyl
groups, include but are by no means limited to, ethynyl, 1-propynyl, 2-propynyl, 1-
butynyl and 2-butynyl. Representative cycloalkyl groups include, but are by no
means limited to, cyclopentyl, cyclohexyl and cyclooctyl substituents. Representative
aryl groups include, but are by no means limited to, phenyl, naphthyl and anthracenyl.

Representative aralkyl groups include, but are by no means limited to, benzyl and



the follow ng Exanpl es. Exanple 1 Synthesis of N-(nesityl)-oxanilic acid
ethyl. ester 2,4,6-Trimethylaniline (20 m, 142 mml, 1.0 equiv) and
triethylamne (20 m, 143 mmol, | equiv) were dissolved in dry
tetrahydrofuran (' THF") (150 m), formng a solution. The solution was
cooled to 0 C, and et hyl chlorooxoactet?te (15.3 m, 142 mol, 1.0 equiv)
was added slowy via syringe. PreC|p|té ion of a white solid occurred

i mredi ately upon addition of the ethyl chlorooxoacetate. The sol ution was

al I oved to Sw ﬁ{%gﬂ@éntatl‘(}@ﬁlﬂ}'lmnﬂ%r&ff)@mcﬁlﬁ@p&'{t Qitc'-bryer'lo nldafis BRlédonas then

filtered organi c Tayer was washed with M HJ “sol ution (2x

100 m). Themcetqhémubmlldaﬂuhdmbgmhed with ethyl acet at e, and t he conbi ned
organi c | ayers VeRe. W h . g{@g r 3 SH. The
sol vent was then rerr%vggen o%oupr(gé%gc}g%éfégglsorsﬁhesgb élgllin a ye g\?\n sh solid.

The yel | ow sindspdndehtyasprdsént arredmalseledtéd fred ((EHQm(rma)a-SOES@te)3(9 1),

produci ng a C | 0. 15 90%
yield). 1H N (fé’l(ﬁ\lggf' 63&% ch‘§ --(%{_661:3%-- C?Q)" - {HB)M 43 (q, J
= 7.2 H -2 --8H) .- @ONHLEXCH €t --(CH, RE,-- 3H); 13C
NMVR (75 M—leXCD%fL é((ﬂ?)zl 121) 154 % (138pHX 23}“@@) 5§D 13, 63.8, 21.2,
18.6, 14.3. (Qﬂél\" F QHﬁ)GrO@PQﬁl’ 7HEH ) cC(QBB’ ,3t§CHﬂn--(?C§z@ R --5.95. Found:
C, 66.56; H, - o] Syn f

N- (2, 6-diisopr 033]/%é (111% (IQ‘)}Q&S(gﬁF??E (gm S%t Emlg% Bl (CHé),"gg%qugTohf Bef)‘iu ani | i ne
(90% (10 m piudependont]y represeptyanntegen fromrQ tetlﬁyméﬁq méepe(ld’er@ymwresws mol, 1

equi v) were % 1 e solutlon
w5 {hen coof KoEg" Bt Btiptadd G Cantiol ihers sEEh AR & T Y ugg S0

equi v) was agerhdliogémtakdnikyl, anaybt blgmchePCe-ﬂlalkeayi bmea@br lorandhied Ez-ﬂpd id occur r ed
i mredi ately upon agd%:ti Oﬂ q ¢1e et h (gléﬁ?jooxoa et at 4 The @ rtl on was
allowed to &Y shricgHPalkyl &5 f’%ﬁ%@ St PFRACEFRACL AV d was t hen
filtered off ,an@cqlcutdaﬂkﬂr Qa@t&niaay@nymvwgbe@ séi fohth an&érki@ldeﬂﬁlkluﬁl on (2x100
m). The aqueg s layer was washed wth ethyl acetate, the conbi ned

organi ¢ | aye°s Rugie diejaen atthgierfentified ahove m&rme)deﬁaﬁan afiRéa RO'\/é‘IS gsos. The
sol vent was tf&@ﬂaHo@@W&QR%d?iherlﬁgf&%Yl Lgﬁaeﬁ&duheé}\wa&y%eyel I owi sh solid.
| Ze

The yel l owi sh solid was then recrystal from

halogenated and perhalogenated. Aluminum activators suitable for use with the
present invention include, for example, methaluminoxane, isobutylaluminoxanes,
hydroxyisobutylaluminoxane, hydrocarbylhaloaluminoxanes such as those described
in WO 2003082466 and ionic aluminoxanates such as those described in WO
2003082879.

Some embodiments of the present invention will now be described in detail in
the following Examples.

Example 1
Synthesis of N-(mesityl)-oxanilic acid ethyi ester

2,4,6-Trimethylaniline (20 ml, 142 mmol, 1.0 equiv) and triethylamine (20 ml,
143 mmol, 1 equiv) were dissolved in dry tetrahydrofuran ('THF") (150 ml), forming
a solution. The solution was cooled to 0 °C, and ethyl chlorooxoactetate (15.3 ml,
142 mmol, 1.0 equiv) was added slowly via syringe. Precipitation of a white solid
occurred immediately upon addition of the ethyl chlorooxoacetate. The solution was
allowed to stir overnight, warming to room temperature. The solid was then filtered
off, and the organic layer was washed with 2 M HClI solution (2x100 ml). The
aqueous layer was washed with ethyl acetate, and the combined organic layers were
washed with brine (100 ml), and dried over MgSQO,. The solvent was then removed

under reduced pressure, leaving a yellowish solid. The yellowish solid was



hexanes/ Et CAc (9: 1), producing a product, white crystalline solid (12.15 g,
44 mmol, 92%yield). 1H NWR (300 MHz, CDC13) S 8.36 (s, 1H), 7.34 (t, J =
7.1 Hz, IH), 7.20 (d, J =7.8 Hz, 2H), 4.45 (q, J = 7.2 Hz, 2H), 3.01
(septet, J =7.2 Hz, 2H), 1.47 (t, J = 7.2 Hz, 3H), 1.21 (d, J = 6.6 Hz,
12H); 13C NMR (75 MHz, CDC13) 8 161. 3, 156 1, 146.1, 129.6, 129.2, 124.0,
63.9, 29.1, 23.9, 14. 2. Anal. Calcd forllC16H23NOS: C 69.29; H, 8.36; N,
5.05. Found: C, 69.31; H 8.13; N, 5.10. Exanple 3 Synthesis of

ester (520 g PAIRAENEQRE Nt Pl SR ol %110

eq) were di s930.v8g, 28 mmdl GOFeyitD TH NME Go6iMiHr, ED Q1) Si8e¥isE.al), 682 tshi s

s Chen neardh 165 Fef P P 2B D ErDeBnR (e Tap L £V et "CFEar  ng et

reflux over nighR (76 Nﬂ{zpcgdux,t;slmrzeqsmptlasedl3w 12917 azp@;ws 2ahys.6acet ate was
added unti | the preC| |tate redi ssol ve was t hen washed with 2

M HCl  sol utié ceifer I#ENQQ&'&G@Q Iéy7e?8 \Naé 9§h§ﬂ“‘\ﬂa§h@(ﬁ5%ﬂ h et hyl
acetate, and -ﬂgﬁ. g@qbl ned organic |ayers were washed with brine (100 m),
and dried over NgSO4 12 The solvent was then renoved under reduced
pressure, leaving a yellow sh soI id. Exh@pleﬁel I ovm sh soI i d was t hen
recrystallized from $ysthe {2 .Oethiisg 8 H #terstal i ne solid
(5.26 g, 17.7 mol, 72. 4%y| eI d) 'H NI\/R (300 M—Iz CDClB) S 9.69 (s, 1H),
8.84 (s, 1H), 8. 132,(( Biisopropylaniliné 907} Q m¥, 48 mnjaldl. ldqmv)&nﬂmeih)&amme 1H, 7.14

13C R (75 G ARl bod) vt Gpgl iy TS QoD fosinky sobsghs 100, 4

127.7, 124. 3, THeZRlution wls?&zexicooleﬁaoe°C22i|nd%thy1&11&oo%maﬂetate@.|lg%lf43 mfnol,Ht SN203:
C, 6844 H 6,08; N 9.39. Found: C 68.50; H 5.96; N, 9.44. Exanple 4

Synthesis of N eHiB-wasaddRd AN}y piasHTIee- N‘CC(PB“"W Wi spld geepsted ani de
N-(2,6-Dii sommmahmﬁﬂydn)au@maﬂlbmsea wm&&uhceesé e!‘he(sgluz&x @as dfdwrgel . 1 eq)
and 2-ami nophenal (1.31 g, ol eq) were dissolved in toluene (50
m), form ngloatisespugh; Wmedo rmtegwsre@rﬁsum sokis wasdbenfilteredethyandni ne (2. 78
m, 20 mol, g, %%mlaﬁ §s a@ﬁélisxbf’t‘xpleiﬁCHb mH‘%ﬁh@ﬁ'nLP 'I!‘h%f webus g!ﬁs' ng the
solids to dissol eating at reflux overnight pro

preci pi tated. wag w;shedswph)ethyl acefathyand gheedomibined organic layers were washed with

brine (100 ml), and dried over MgS0O4. The solvent was then removed under reduced

pressure, leaving a yellowish solid. The yellowish solid was then recrystallized from
hexanes/EtOAc (9:1), producing a product, white crystalline solid (12.15 g, 44 mmol,
92% yield). "H NMR (300 MHz, CDCls) & 8.36 (s, 1H), 7.34 (t, J = 7.1 Hz, 1H), 7.20
(d,J=17.8 Hz, 2H), 4.45 (q, J = 7.2 Hz, 2H), 3.01 (septet, J = 7.2 Hz, 2H), 1.47 (t, J =
7.2 Hz, 3H), 1.21 (d, J = 6.6 Hz, 12H); ®C NMR (75 MHz, CDCl3) § 161.3, 156.1,
146.1, 129.6, 129.2, 124.0, 63.9, 29.1, 23.9, 14.2.  Anal. Calcd for C;sH»;NO;: C,
69.29; H, 8.36; N, 5.05. Found: C, 69.31; H, 8.13; N, 5.10.
Example 3
Synthesis of N-(mesityl)-N'-(2-hydroxyphenyl)-oxalamide
N-(Mesityl)-oxanilic acid ethyl ester (5.23 g, 24.4 mmol, 1 eq) and 2-
aminophenol (2.67 g, 24.4 mmol, 1.0 eq) were dissolved in toluene (50 ml), forming a
suspension. To this suspension was added triethylamine (6.8 ml, 50 mmol, 2 eq).
The suspension was then heated to reflux, causing the solids to dissolve. After
heating at reflux overnight, the product precipitated. At this point, ethyl acetate was
added until the precipitate redissolved. The solution was then washed with 2 M HCIl
solution (2x100 ml). The aqueous layer was then washed with ethyl acetate, and the

combiped organic layers were washed with brine (100 ml), and dried over MgSOa.



was added until the precipitate redissolved. The solution was then washed
with 2 M HC solution (2x100 m). The aqueous | ayer was then washed with
ethyl acetate, and the conbined organic |ayers were washed with brine (100
m), and dried over MgSO4. The sol vent was then renoved under reduced
pressure, leaving a yellow sh solid. Thg2 yel | ow sh solid was then
recrystallized fromtoluene, producing product, white crystalline solid
(2.9 g, 8 5 mmol, 85%vyield). 'HNW (300 M\Hz, CDC13) 6 9.67 (s, 1H), 8.84

ngs-i) , 1|7_|) 23 ( dz'l“h%ssolyérg)vﬁz aieg%n(oqrgd ?Lféde( d:t%ugegi prés?ﬁ‘% h@ﬁ&?ﬁeﬁo@i&n (sfnléd ((7:02 Hz,

2H), 3.03 (sefiveish sdidwB tienitzcrystiized frogPtoludne, produdin® a plodhft; whiB8C NVR (75

MHz, CDCl 3) 6 8. 2 4.0, 122.3,
121. 2, 119)1 ‘#Z‘ﬁlé“e solid 326, 17 sy, THp e 1%2?51{%@0% ffﬁ‘ggleng 7.11; N
ﬁHZS 0, |1;1 19)69 &?nmdssﬁg ﬁi:l)( ?/81 (aHJl )74734,,1}|N 751 maJE)eaxrmh Jsa{zslﬂygvtnggi s og ;

mesityl)-oxanilic_ aci sit -oxanilic acid et g, 8.

ol ) e U Saet 5 e Yz, s op o SRERRG & B £ breor SR @S/ it Fon

was added 1MM@1@H:9@13}1$ lm (1§¢9nﬂ4k,2 139 18409, 170t wies was 7t ams $idsred for 2
hours. Diethyl ether (25 m) wa hen added, ~and the Ia%q()ars wer e separ at ed.

The organi c | Blds kS 2hds Heel m@lrcqmma@ﬂm@bpmq OR-4¢48, G93; N, 9138. aqueous
| ayer was th i Cl until 13 precipitation occurred. The
precipitate epou?‘?héélr?%eséﬁrlgc%éggg%‘t?h ethyl acetate (2x50 m). The et hyl
acetate was washed with brine (50 nl Exasptk 4 hen dried over MpSO4. Renoval
of the sol vent unfgtheskdfiNad cpdivssopydphpndy-Ndeihydiexyphantiaixalmide whit e sol i d
(1.74 g, 8.4 mol, 99%yield). 1H NWVR (300 MHz, CDC13) 8 8.51 (s, 1H), 6.93
(1§é 62H) i3£21- 39 (s, 1\3-@6-D;ﬁsdiﬁo;(y§pfeg§'ﬂ-bﬂ8ﬁﬁic%elﬁﬁ5eh$ﬂé7%nﬁl 1%%)30 C156. 1,
. 6, : : 2, .5. Anal . c
63.76: H, 6.3%d 1“8Ph?8‘§ (géh&dm@“%bégﬁgﬁwﬁedéc‘gzedlmtgbe“?ég danpl e 6
Synt hesi s of f%nﬁmgraqwbemmwc tﬁrsfs@siasnsmt»vdsmh@mhemylmme (2.78 ml, 20
2-tert-Butyl - 4- et hyl phenol tg 122 mmol_, 1.0 _eq) is di ssol ved in
AcOH (200 m ) ™Eed 26623@&989@6@“@ W?& e hpeted to Bflug,sArne thaslids t dissobveaci d
(7.73 m, 12Kft9?mlcmmgjat ?é@ux'o@erﬁ%hleﬂié%odﬁeﬂ ﬂ‘llgﬁpl&iedag&Mlgpaﬁi gthy\ea%et‘é{aen added

to the sol ution.
was added until the precipitate redissolved. The solution was then washed with 2 M

HCI solution (2x100 ml). The aqueous layer was then washed with ethyl acetate, and
the combined organic layers were washed with brine (100 ml), and dried over MgSQs.
The solvent was then removed under reduced pressure, leaving a yellowish solid. The
yellowish solid was then recrystallized from toluene, producing a product, white
crystalline solid (2.9 g, 8.5 mmol, 85% yield). '"H NMR (300 MHz, CDCls) 6 9.67 (s,
1H), 8.84 (s, 1H), 8.12 (s, 1H), 7.50 (dd, / = 8.25, 1.8 Hz 1H), 7.37 (t, /= 7.2 Hz,
1H), 7.23(d, J= 7.5 Hz, 1H), 7.16 (dt, J = 7.7, 1.5 Hz, 1H), 6.95 (comp m, 2H), 3.03
(septet, J = 6.6 Hz, 2H), 1.22 (d, J = 6.9, 12H); >C NMR (75 MHz, CDCl;) § 158.9,
158.2, 148.2, 146.1, 1294, 1279, 124.2, 124.0, 122.3, 121.2, 119.1, 29.2, 23.9. Anal.
Calcd for CooH4N,05: C, 70.56; H, 7.11; N, 8.23; O, 14.10. Found: C, 34.90; H,
4.64; N, 5.79.
Example 5
Synthesis of N-(mesityl)-oxanilic acid

N-(Mesityl)-oxanilic acid ethyl ester (1.99 g, 8.5 mmol) was dissolved in THF
(50 ml), forming a solution. To this solution was added 1M NaOH solution (40 ml),
and the mixture was then stirred for 2 hours. Diethyl ether (25 ml) was then added,
and the layers were separated. The organic layer was washed with 1M NaOH

solution (40 ml). The aqueous layer was then acidified with 2M HCl until



Upon addition of the nitric acid, the solution turned yellow After addition
was -conplete, the solution was allowed to stir at 0 C for 2.5 hours until
sonme needl es of product were observed to start grow ng. Deionized water
(-25 mM) was then added, causing a great deal of precipitation. This was
filtered, and water was again added to ,the filtrate, causing nore
precipitate that was again filtered. Mdre precipitation/filtration cycles
did not yield substantial further product. The orange/yellow solid obtained
fromthe filt N??Re%ﬁﬂlﬁﬁ& écl:@n&ﬁ The @%xpﬁamk theﬁ@x@a\éteﬁ'vﬂﬁ\e aceftd @Q5@ver ni ght by
vacuum 'H N )p 1H), d, J 1.5 Hz, 1 H),
7.37 (d, J =m). 1Th¢zeth>ipsetat2we81qu§ed 814) bnqe @Qm(lh ambthsn drlesi@vmgﬁ% MHz,

O3] 5 Sngm e ool meludon o B i gl O o

5.89. A sanpl(&.74gf 8.4 hinel fAeyikld). , 'HANBIR (360 MHe€CBE1,) 6 8t5éfs, HHD 0. P9enol (4. 13

g, 20 mol , en.ad d flask, and
Pd (10% on ch‘gcgg% 5’3?-@’.%)15&1@‘9&)1 eﬁﬂﬁaﬁgﬁﬂﬁoéﬂgg hjg%o’a@ged.ﬁ%?ﬁe flask was
evacuat ed, and4f7, 12%5] 198.0,21a, 995, AaildCaltdfor Caby,NGiegaskrs] HyeBpaNol (50 nl)
was added. A balloon of h%dro en as_was placed over the reaction, and

whi ch was t heh’@lfogpgd: 6821, »8@%hours. The solution was then filtered
t hrough celite, renoving the Pd The RaRIKEG was stable in inert

atnosphere, but was obsegyilsis 3 5- AR Y -ni e ZE - 8hEbhkibiSO! ution, exposed to
air. The clear Pd/C suspensron was observed to raprdly turnto a red

Feduced prossur e, 2 A PReb G008, 125 et 030 AN S T ren
recrystalli zeﬂc@H&ﬂOhe&ambcmbd ty0 EC.dAaolntion ofsloneepirated (1i2u'o4@1dg(,7 783uld nmol , 68

:%Hy i[\l(l\e/:?d% 3%)861“—7[\2%%&%2? %)Vigg%g%ﬁ%o 1\1M oft ac&t{]cf)acﬁzwas‘%gﬁgbmdecgtoétle s(o dx%oﬁ Olzi g Zt |6—1|tz e.
1H), 5.57 ( bsUpdrH)ddltiBn B30thé Initric ﬁhﬂ,,the&oﬁﬂoﬂ aynedhiypllowl. After(®idit®hlwas 13C NWVR (75
EXI\/I-IZarrplCeDCI73)Sy ge 143 t tlBS%Iu%on %v%g allowegi fo st1r at & 2gfor 2. 5]hours untlfgsome neecﬂesoof 21. 2.

N-(mesityl) - Norodutt w&rdbxefvé&tb etﬁhghiﬂllyé lﬁmmiehwm ans b Wed iR bdRd,
N-(Mesityl)-oxanilic acid (2.15 prepared according to
the synthesi scaﬁepﬁeareafééeequfwealnﬂﬁt%m %ass“ﬂteeﬁopnﬂ mmymmﬁ thzol e

(2.39 g, 15. fe BltRite, causﬁlgemeweé nﬁéjﬂx‘é‘ﬁwischgﬁﬂfi%{%[i Mored, two-necked flask,

formng a solution. THE ( was then added and the sol ution was cool ed
to 0 C. 1,3- precxpltatlon/ﬂltratlon cycles id not yxeld substantial further product. The

orange/yellow solid obtained from the filtrations (13.06 g, 62.4 mmol, 51% yield) was
dried overnight by vacuum. 'H NMR (300 MHz, CDCls) & 11.40 (s, 1H), 7.77 (d, J =
1.5 Hz, 1H), 7.37 (d, J = 2.1 Hz, 1H), 2.31 (s, 3H), 1.42 (s, 9H); °C NMR (75 MHz,
CDCl3) 6 153.3, 1404, 136.3, 128.8, 122.5, 35.7, 29.6, 20.0. Anal. Calcd for
C11HisNOs: C, 63.14; H, 7.23; N, 6.69. Found: C, 64.52; H, 7.69; N, 5.89. A sample
of this material, 2-amino-4-methyl-6-zert-butylphenol (4.13 g, 20 mmol, 1.0 eq), was
then added to an oven dried, two-necked flask, and Pd (10% on charcoal) (1.051 g, 1
mmol Pd, .05 eq) was added. The flask was evacuated, and filled with argon, and
then dry, degassed methanol (50 ml) was added. A balloon of hydrogen gas was
placed over the reaction, and which was then allowed to stir for 16 hours. The
solution was then filtered through celite, removing the Pd. The product was stable in
inert atmosphere, but was observed to rapidly oxidize when in solution, exposed to
air. The clear Pd/C suspension was observed to rapidly turn to a red solution upon
filtration on the benchtop. The methanol was evaporated under reduced pressure,
leaving a dark red solid. This dark red solid was then recrystallized from hexane to

yield a whitish solid (2.41 g, 13.4 mmol, 68 % yield) that was observed to slowly turn



di cycl ohexyl carbodiimde (I Min CH2C12) (12.5 m, 12.5 mmol, 1.2 eq) was
then .added to the solution. The solution was then allowed to stir at 0 for
one hour. During this tine, a white precipitate forned.

2-am no-4-net hyl -6-tert-butyl phenol (1.863 g, 10.4 mmol, 1.0 eq), prepared
according to the synthesis nethod described in Exanple 6, was then added to
t he suspensi on. The suspensi on was thert%al l oned to stir overni ght. The next
day, the solvent was renoved under reduced pressure, and ethyl acetate was
added. The r ony NRAR (30 o188 6@ @ejm\{gﬂ;qal_l solid. The
filtrate was?%auédeggﬂégﬁl %@fcﬁnc g’cgglﬁsiol Utl%n (b my, HCO3
(2x50 nl) an@.8rd.e= [.8®zniH), 5157 (hsatHHBi28dboRH}, 21\7@$E,)$H),ah‘éﬂ (Sh%H)SOC\/ent was
renoved und | tallized
from exane toMT e EBERENIE L AT, Bt NP 58, 458 HRERLZ T 550
yield). IHNW (300 MHz, CDC13) 8 9Exdmple7 |H), 8.77 (s, 1H), 7. 84 (s, 1H,
7.05 (d, J= 1. 8yi#esisHfIN-(nfesi®d)-Nnq2-h -RteAbubys-S- IpRen®B-okal , 2.22 (s,
6H), 1.45 (s, 9H); 13C NWR (75 MHz, CDC13) 8 158.5, 157.4, 146.2, 140.6,
138 1, 134.9, 129\%Mol-BrandRcth (zlgg ﬁ)4aag‘4,xazo%1pr§umd3a5c&dm§%o 21. 2,
21.0, 18.5. Anal. Calc or C22H28N20 N, Found
C, 72.01; H, the athesis metharbdeseribedin Exasnr@%tanééﬂwdr@ﬁybenzotnazole 239g,
N-(2.6-diiso h ) m de

N-(2,6-Dii sogr‘%op '{“glhg%{‘%w%(ﬁéﬁ% P%Qg% ﬂ?‘t’mé‘%’s"?ggﬁ%g f(@(‘ﬂ’g%ls 5 nmol, 1.0
eq) and 2- anisplytién. TEHIR(AIOP mdhwas tbax@ﬂecgandmmutImlwasmocécgtO\&éﬁCe Id3-ssol ved in
toluene (50 n t us Q then added
triethylam néirﬁ(y)frogex%ﬁg}bo%gmgeﬁno %%P& aa‘?hlgf Z%Jgper%g?f)% %awas en heated to
refl ux, causmﬂgedtbmesolunds The sotimsswhmhen Aldved thatatat Ogfondnetefuk.ux over ni ght,

t he product ecipi.tated. At this i nt, .ethyl acet ded until the
precipitate } g‘Hf thag 2 wils Pé"Cﬂ‘RﬁaF%I s A 0_4_\’\%&@% ﬁ%ﬂty; fPHC sol ution
(2x 100 m). (1863 gavaakmol, apeq), \p@pmtehle&oym@ledhe/uyhmeswmembmléscﬁmtlat e, and

t he conbi ned organic |ayers were washed with brine (100 m ), and dried over

MySO4. The sdixaimle Gaas therpdded tahe spspension. Theisnspensiopaes thea allpwed ong a

yel | owi sh SO'dnﬂoveEh?xtY%éﬁeMéi}r &fé'sbﬁeﬂ%smﬁ&e& ﬁﬁJeY%d@ééd' @s@ur& raam tol uene,
producing a produc white crystalllne solid (5.9 ) 90%
yield). '"H Nathyl agtpte wpsaddghdigyesgl @gsgspe@lonms thesl fStpre@ﬁo rem)veﬂve 92 (s, 1H),

g: g; E gd J ) -_saé@ 1’d¥e fiilﬂte whs %lZ_Bhe& %830%3,1&3 bizd sdibion (3x3Pmf)ds o NaECH,8 Hz. 2H),

(2x50 ml) and brme (50 ml). It was drled over MgSOy, and the solvent was removed

under reduced pressure, leaving a solid which was recrystallized from hexane to give
the product as a white solid (2.92 g, 7.9 mmol, 76% yield). 'H NMR (300 MHz,
CDCls) 6 9.55 (s, 1H), 8.77 (s, 1H), 7.84 (s, 1H), 7.05 (d, /= 1.8 Hz, 1H), 6.92 (m,
3H), 2.30 (s, 3H), 2.28 (s, 3H), 2.22 (s, 6H), 1.45 (s, 9H); >C NMR (75 MHz, CDCls)
0 158.5, 1574, 146.2, 140.6, 138.1, 134.9, 129.9, 129.6, 129.4, 126.9, 124.9, 121 .4,
35.3,300, 21.2,21.0, 18.5. Anal. Calcd for C;HasN,05: C, 71.71; H, 7.66; N, 7.60.
Found: C, 72.01; H, 8.03; N, 7.36.

Example 8
Synthesis of N-(2.6-diisopropylphenyD)-N'-(2-hydroxy-5-methylphenvl)-oxalamide

N-(2,6-Diisopropylphenyl)-oxanilic acid ethyl ester (5.14 g, 18.5 mmol, 1.0
eq) and 2-amino-5-methylphenol (2.28 g, 18.5 mmol, 1 eq) were dissolved in toluene
(50 ml), forming a suspension. To this suspension was then added triethylamine (2.6
ml, 18.5 mmol, 1 eq). The suspension was then heated to reflux, causing the solids to
dissolve. After heating at reflux overnight, the product precipitated. At this point,
ethyl acetate was added until the precipitate redissolved. The solution was then

washed with 2 M HCl solution (2x100 ml). The aqueous layer was then washed with



=81Hz, | H, 3.02 (septet, J =6.6, 2H), 2.29 (s, 3H), 1.22 (d, J = 7.2,
12H) ;- 13C NMR (75 MHz, CDC13) S 158.8, 158.2, 146.0, 130.7, 129.4, 128.7,
124.0, 123.8, 122.6, 119.1, 29.2,23.9,20.7. Anal. Calcd for C21H26N203: C,
71.16; H 7.39; N, 7.90. Found: C, 70.85; H, 7.68; N, 7.73. Exanple 9
Synt hesis of N-(2.6-diisopropyl phenyl) - ly -(2- hydr oxy- 3- (adamant -| -yl ) - 5-
nmet hyl phenyl ) - oxal am de 1

N- (2, 6-Di i sopropyl phenyl )-N -(2-hydroxy-5-net hyl phenyl ) - oxal am' de (5.59 g,
15.5 mol , p cri bed i
Exanpl e 8, an%yg&@aerréﬁﬁgt{&w gg%g&.ﬂga)leps &gﬁﬁmg%%bﬁi}\"g&fe s ved in
CH2C12 (150 dritd ovek MgSOmnga: sspensi than refovedhnindergedysed suemrm\mvm@en added

trated Af t dit
coamtual 1y o st T yeupbsE sp e hethslite o aarielE SRS (o L4
hour s, ft{lﬁ Tb?r&c?ctlwh%??@ﬂhf&dﬁ]dg (Bo®g, 61:585 , mmul, S(Dl%lylieldad ‘HWNW)(w(howe?ht hat
nost o e startin erl a a one Q ro e
sol vent was rl\éﬂb\fé?)& 21 Eeidlicd ! E?r Y 19%?5 éﬁéf b4 tr’e‘s{xﬁﬁsrﬂggsghd wer e
redi ssol ved i@ Jeidslyhzag@t abe &#007 m 2H &9 e@uﬂ_-lsrlgzaqwtmm 99aa, } hen

washed wth saturated \ggas i s evol ved),  and byine, then
8

dried over MyStohHz, Hhe3. 9%(591@%595/&@ eH ds. Bder2% Wodizd - ﬂ)?HZaSlﬁfe and the

resul ting sol u r a product,

[ Tant yorl ow SaR I MAHLCDERS LY 138, o PHORAR0 R R LR RRe8 B s 60! 51
(s, 1H), 8.7722$,11PH) 292,284, 267. Akbl, Cocdfor (o HasNpO5: @, 71 M6z HIHBY; N,. 23 (d, J =
7.5 Hz, 2H), 7,,0Q (d. ~0d- . 6.94 (d, J = 1.8 Hz, 1H), 3.01
(septet, J :769.099:"&“%‘6'??5%%‘%37!&3%%32. 18 (bs, 6H), 2.10 (bs, 3H), 1.80 (bs,
6H), 1.22 (d, J = 6.9, 12H); 13C NVREg#inphtez, CDC13) S 158.3, 158.2, 146. 2,
145.8, 140.6, 18&nthksisb?-2.6-dirdOprdpyl IB-N'-(ZBydrdxy- ntl2OH3, 40.7, 37.3,
37.1, 29.1, 29.0, 23.6, 20.8. Ahahylpfealigadxfighide31HAON2C3: C, 76.19; H,
8.25; N, 5.73. Found: C, 75.89; H 8.42; N, 5.37. 16 Exanple 10 Synthesis
of N-(nesityl)-3- Mcszdﬁwpmb@ﬂady)m,-&wdm fﬂnbtﬂyléﬁégrl)l-dkmaﬁmaﬁlsde
N-(Mesityl)-N - gz hydr oxyphenyl ) - oxal am de : , eq),

prepar ed accdb dPAFPHY; }c‘Plé‘l)sl}fﬁﬁqﬁ@s‘}‘?é"fﬁ’éﬁﬁ‘b@edl@‘é’éﬁslsmh‘?drﬁml‘b 3, was

vei ghed i nt o gampRUEBid-h&chahRY RS0 E 8Mhd1aB K eq)Wert RisSolvaSa 28flef] BH3- THE
(IMin THF) (39 nl,

(150 ml), forming a suspension. To this suspension was then added concentrated

>

H,SO4 (1 ml). After addition of the acid, the solids eventually went into solution. )
After stirring at room temperature for 24 hours, the TLC (9:1 hexanes:ethyl acetate,
visualized by UV) showed that most of the starting material had gone to product. At
this point, the solvent was removed under reduced pressure, and the resulting solids
were redissolved in ethyl acetate (100 ml). The resulting solution was then washed
with saturated NaHCOj3 (3x50 ml, gas is evolved), and brine, then dried over MgSOj4.
The solvent was removed under reduced pressure, and the resulting solid was purified
via column chromatography to give a product, light yellow solid (3.68 g, 7.5 mmol,
48 %). '"H NMR (300 MHz, CDCl) § 9.51 (s, 1H), 8.77 (s, 1H), 7.84 (s, 1H), 7.37 (t,
J=172Hz 1H), 7.23 (d, J = 7.5 Hz, 2H), 7.00 (d, J = 2.1 Hz, 1H), 6.94 (d, J = 1.8 Hz,
1H), 3.01 (septet, J = 6.9, 2H), 2.29 (s, 3H), 2.18 (bs, 6H), 2.10 (bs, 3H), 1.80 (bs,
6H), 1.22 (d, J = 6.9, 12H); °C NMR (75 MHz, CDCL) § 158.3, 158.2, 146.2, 145.8,
140.6, 129.9, 129.2, 129.2, 126.8,, 124.7, 123.8, 120.9, 40.7, 37.3, 37.1, 29.1, 29.0,
23.6,20.8. Anal. Calcd for C3;H4oN;O3: C, 76.19; H, 8.25; N, 5.73. Found: C, 75.89;.
H, 8.42; N, 5.37.



39.2 mol, 8 eq). A great deal of bubbling resulted, as the solution turned
bright orange. The solution was allowed to reflux overnight. The next day,
the solution was observed to have turned clear. The solution was then
allowed to cool to room tenperature. Methanol was then very slowy added to
the solution until all bubbling ceased, Concentrated HCl solution (1.5 m)
was then added, and the sol vent was reH%ved under reduced pressure. The
resulting solid was dissolved in nethanol, and then the solvent was again
removed under reduced pressure. Thisgprogess was repeated twice nore. In

this way, the 39{{% di9- l‘?:% 9))-923-hY GTRHEN R4, ?-Ql 03im1d2{55hlﬁ£ QMBR&# hof Or mat €

(15 M) was them adgded to tne I’ESUITI rTg Sorrd,
suspensi on was th t S at ed, the
solid was obser veg\pg\gesat lg\% 3§?h ’r‘prhe%y& q?%TH&le@\ ‘rpgbn\r{\%illrrea ‘el y one

m nute at hi ginegamlpeécﬂﬂmg&)thasw&thekxen&ﬂioddesanbm ipiBxarhpld 3, Whs weighedlihtowed t o

stir for five nut es, then fil.t olid was
washed with @Wéf?n-s?%g roppdsRAtgm tfﬁﬁﬁ%mwaﬁ aﬂﬁﬁfﬁé‘?zﬂ@ﬁ%ﬁ%ﬁ% (. 854
g, 2.7 mol, @Sfélwoﬂs@é) AlgfeacNMEi dE36b1MEZe suledd a3 the 50111t10n4'3m6§bn§ﬂﬂ) 8.84 (s,
1H), 7.54 (dd J = , 111), 7.05 (dd, J = 8.0 2 Hz, 1H), 6.92
(m 2H), 6. 7Prage, The whwov waea@owi tmﬂuwvsmlg t tThe pext dpy, the wuthpyas 4.37 (t,
J = 11. 7 Hz, Y CDC13) S
157. 4, 150.0, 4“1'6(1(2)‘0%%"6(‘5?? 3%3.' 3‘?’2%%1(6‘??‘@%)2‘%?"%@ g‘i’%‘m Cogll‘g 56k 119. 9,

118.8, 51.0, tefpefatuge]l Methabgl was theravery Qavlyddflestto @@H@l@lm{ballﬁublﬂelgm H,
6.68: N, 8.8 nd C 9 nt hesi s of
1- (2. 6-di sopri)g%sye ﬁrécr?\r}ﬁte(gﬁ?gsoﬂlutﬁhé?s Hﬁ% TN)th% %%8(1 %‘g{rﬁgﬁ&vg‘% %ol ium

chl ori de N- (r2m6veEa indepredpyd pressnie, )I%;hlres(xliin@ymlfdoxgsmmmyéc) inaxaahaani, éed (. 7356 g,
2.2 mol , ared accordin t hesi s.. et hod described in
Bcanpl e 4, webb (P SCIba S ST BORP G Pnd PGP Pt TIGKBEFDEE | n Exanpl'e 10
for N-(mesi tyﬂeEeaN:d-thR:e it €l rIyip Ranthe res ik Bodlsh) was B8 oved b B{OME);sol i d was
washed with et to _provide the deS|red produgy@as a white powder (.657

g, 1.83 mmol %@S‘%W‘waamm RV 3s 3ern adfiggA solid,forminga 1 ) 7. 57
(dd, J = 8.9, sulpehsith. Tﬂe édlpeniloﬁléaa& Ehen Heatedfo fﬁoﬁ’c A:H}\e s&sﬁem?on?\?as( d J =7.8
Hz, 2H), 7.15 (d, J=6. 7 (dt, J=7.8, 1H), 6.78 (dt, J =
8.3, 0.9 Hz, healgp, thqsql@ V(ats ob@ﬂeﬂo siowby gozipfp soltiory f(xﬁter aproxmmelxonezm 2.95
(septet,

minute at high temperature, a white solid precipitated. It was allowed to stir for five
more minutes, and was then filtered. The resulting solid was washed with ether, to
provide the desired product as a white powder (.854 g, 2.7 mmol, 55% yield). 'H
NMR (300 MHz, CDCl3) 6 11.43 (s, 1H), 8.84 (s, 1H), 7.54 (dd, J = 8.25, 1.2 Hz,
1H), 7.05 (dd, J = 8.0, 1.2 Hz, 1H), 6.92 (m, 2H), 6.73 (dt, J = 7.7, 0.9 Hz 1H), 4.80
(t,J = 11.4 Hz, 2H), 4.37 (t, J = 11.7 Hz, 2H), 2.33 (s, 3H), 2.29 (s, 6H); >*C NMR
(75 MHz, CDCl3) 8 157.4, 150.0, 141.0, 135.3, 130.7, 130.3, 128.8, 122.8, 120.4,
1199, 118.8, 51.0, 50.4, 21.3, 18.2. Anal. Calcd for CysH,CIN,O: C, 68.24; H, 6.68;
N, 8.84. Found: C, 67.86; H, 6.92; N, 8.52.

Example 11
Synthesis of 1-(2,6-diisopropylphenyl)-3-(2-hydroxyphenyl)-4.5-dihvdro-
imidazolium chloride

N-(2,6-Diisopropylphenyl)-N’-(2-hydroxyphenyl)-oxalamide (.7356 g, 2.2
mmol, 1 eq),' prepared according to the synthesis method described in Example 4, was
treated in a fashion similar to that described in Example 10 for N~(mesityl)-N'-(2-
hydroxyphenyl)-oxalamide). The resulting solid was washed with ether, to provide
the desired product as a white powder (.657 g, 1.83 mmol, 85% yield). 'H NMR (300
MHz, CDCl;) § 9.04 (s, 1H), 7.57 (dd, / = 8.9, 1.2 Hz, 1H), 7.44 (t, J = 7.8 Hz, 1H),



J =6.6 Hz, 2H), 1.25 (d, J =7.2 Hz, 6H), 1.16 (d, J = 6.6 Hz, 6H); "C NWR
(75 "MHz, CDC13) S 157.0, 149.8, 146.6, 131.6, 130.0, 128.7, 125.1, 122.6,
120.3, 120.0, 118.6, 52.7, 51.1, 28.9, 25.0, 24.3. Anal. Calcd for
C21H27CIN2O C, 70.28; H, 7.58; N, 7.81. Found: C, 70.32; H 7.76; N, 7.63.
Exanmpl e 12 Synt hesis of 7
1-(mesityl)-3-(2-hydroxy-3-tert-butyl - é nmet hvl phenyl ) - 4, 5- di hydr o-

i m dazol i um chl ori de

N- (Mesi tyl) sz(@ﬂwﬂsppzyz}ﬁ wszcrbutaydﬂﬁqmtém qahenws 108<Hhaarﬂ)de782 385 g,

6.5 mol , repared accord d described in
Exanpl e 7, \?és”f g@a 28z HDad- §§§‘h’( oﬁl élﬂﬁ ?Ié)n 4t46 (‘bﬁa‘t“o‘e%@ |2b9éds‘?H‘FtExarrpl e 10

for N-(nesi tyls by, G, Msi(dOHmemIen)qu amde)e Hzl BA);"&SNMR 18 sol i d was

washed with ether, to provid desired product as a white ovvder (.884

g, 2.28 mmol M@B%‘%ﬁlélﬁdﬁm }49NM¥1€(@0©1 6M%£)0 5chdpS S B421703, 129\1)0; 7.10 (d,

gt‘ 1J5zHg 61$86%209765£§42§%50%3)830 é&&éﬂa@dfoﬂ?gﬁmg%&m%%&m ZH)S 4.43
9H): 13C NVRN, 731 MRayndODCIRY2; H, 156, N,,7 6B48 1, 144.2, 140.7, 135.8, 130. 8’
130.6, 130.3, 128.9, 127.5, 121.6, o 6, 35.6, 30.1, 21.2, 21.1, 18.6.

ﬁl\nag 0?C):al &d 7f ?Zm’& 1 4F(_)&mddro_c 72 01;

1-(2, 6- d||soyropylphenyl) 3- (2h .'~. ehlodden ne - | -yl)-5-
met hyI phenyl) -4, 5-di hydro-i m dazoliumchloride N-(2,66-Disopr ¥I phen
Y1) -N - (200 ydr Ry MR N0t ;-resamlrﬁ]msmmy Deralemia Y 203 . 3.7

mol, 1 eq), ¢y /RdI ‘i‘ia)’ﬂ‘?fé%gd R ofdtheld ﬁh&%&%@&é@%eﬂ@ﬁg@ﬁeﬁ in

Exarrple 9, was treate fashion si m ar to that describe Exanple 10
for N-(mesitywastated p-afpshianejpibas g thpt deseribadingyampin 0 foe Nelmesityd)-No(2-d was

o 2.3 mol , ‘Su iy iR, e R RSB SR LT

= 8.1 Hz, lH)the desized ;(rdducﬂas awldteIpoRidgr, (884 @42.28 mribH)35 %6yi&ld). ( ﬁ NMR) (30d. 88 ( t, J

S 3087 e bR s by fo iy - B, doigod ieBiEhpoly T 870

TZ? gH) 141 iQt U6k 1131 Hz, B9, 445 (¢, Glﬂgamczqu 5 62, 30QRGHE) 2.57 (S;L?i) g é3843
10 5, 375 Ao SCVdR g5 MitarcO8ly 8155% 141,47 Tiad 35 Bk oinadi oo

C, 75.78; H138.60880.N128€9,927.5Fuw)52.8,51/64 356,30, 28.2671.1,¥8.65 . A4Al. Caled
for Cp3H;3,CIN,O: C, 71.39; H, 8.07; N, 7.24. Found: C, 72.01; H, 8.03; N, 7.36.

Example 13

methylphenyl)-4.5-dihydro-imidazolium chloride

N-(2,6-Diisopropylphenyl)-N’-(2-hydroxy-3-(adamant-1-yl)-5-methylphenyl)-
oxalamide (1.83 g, 3.7 mmol, 1 eq), prepared according to the synthesis method
described in Example 9, was treated in a fashion similar to that described in Example
10 for N-(mesityl)-N'-(2-hydroxyphenyl)-oxalamide). The resulting solid was washed
with ether, to provide the desired product as a white powder (1.19 g, 2.3 mmol, 63%
yield). "H NMR (300 MHz, CDCly) § 8.23 (s, 1H), 7.45 (t, J = 8.1 Hz, 1H), 7.27 (d, J
= 8.1 2H), 7.04 (s, 1H), 6.80 (s, 1H), 4.88 (t, J = 10.8 Hz, 2H), 4.45 (t, / = 11.7 Hz,
2H), 3.41 (septet, J = 6.6 Hz 2H), 2.28 (s, 3H), 2.13 (bs, 6H), 2.04 (bs, 3H), 1.74 (m,
6H), 1.34 (d, J = 6.9 Hz, 6H), 1.29 (d, J = 6.6 Hz, 6H); *C NMR (75 MHz, CDCl3) 5
158.4,148.3, 147.3, 144.4, 131.4,130.8, 130.2, 128.8, 127.8, 125.2, 121.1, 54.0, 52.4,
40.8, 37.8, 37.2,29.2, 28.8, 25.5, 24.4,21.1. Anal. Calcd for C3,H43CIN,O: C, 75.78;
H, 8.55; N, 5.52. Found: C, 74.78; H, 8.64; N, 5.44.



18 Exanple 14 1-(nesityl)-3-(2-hydroxyphenyl)-4,5-di hydro-im dazol i um

chl oride and potassi um hexanethyl disilazane (2.1 equiv.) were dissolved in
THE (20 nl) at room tenperature, giving a cloudy, light yell ow sol ution.
This solution was then stirred for 5 mnutes. A solution of (PdClI MePEt3) 2
(.5 equiv.) in THE was then added, prodycing a light yellow solution with a
precipitate. The solution was then stirt®ed for one hour. The sol ution was
then filtered through celite, and the THE was renoved under reduced
pressure until roughly 2 m remai nedgy, tgpe (10 nb) was then added to the
solution which was then allowed to sit overnight at -40 C. The next day, a

whi te Prect pital e uaSyAheenbQpliays ARl RS hodifinlifsiie ges then

recovered via f||t

1-(2,6-dii somompyhrpIhexayﬂe)hdel@nmzhgedemphéngplre) digsobred ihYHF (20 mi) dboomi um

chl oride and pot assi um hexapet hyl . di sil azane (2.1 equiv.) were djssolved in
TRE (20" i BbeEBte Pe s Boty-den(XeDPwGoRAG Syo o ek gERRERRLET ot on.
Thi's sol uti ors wates! A&BluGibh 6 (BECIMUPED,) i Tu4uls).in RHFGY dd thedrndaéd, ( PACl MePPh3) 2

(.5 equiv.) in THE was then added, Eroducm a Ilgu yel l ow solution with a
preci pi tate. PredscEgadiEhorllgysoltiehwitas pregHate of h tioB fas theRSBIRS 6F | on s

then filteredyhbay @ﬂi&e e&hﬁan%asm filfed thfsuP&lite] EerQH@‘i‘HF%@ rerh G CEd

pressure until roughly 2 remai ned. Pentane (10 was then added to the
sol ution whi dmdmsdltchfénressmreomblrouahlsRtmlwealmdgﬁ’@mane QlﬂanIQ wafithen next day, a

whi te Prect Pl AALEIOIRS AR LYES 1 lNRodE B sRBRhgHE 4 R0Ufik e € hen

recovered via ation.

1- (nmesityl) - day2a hyi«kquipl&td‘eastobbm/gd to haveadelsibpede Mhe prodpéi-velis ihedr o-

i m dazol i um chI or%eg ﬂﬁ]d tg)[nt assi um hexanet hyl disilazane (2.1 equiv.) were
di ssolved in ¥ roomtenperature, giving a cloudy, light yellow
solution. This solution was then stEgampleflsr 5 m nutes. A solution of

(PdCl MePPh3)2 (.5 equiv.) in THE was then added, producing a |ight yellow

solution with a prle@%llsaﬁrﬁpylﬂ_ﬂbﬂﬁl)-‘so(b%ﬂﬁﬂyﬂ@ﬁyl}-hSflhlﬁatdl'cf -{8dafoRimOne hour .
The solution was then filtered throu celite and the THE was renpved

under r educedchifriss 2pd potassium hexamehyhdiglagane (% hequiewere disselugiein THF @0) was
then added t omhRercdfl thp@RudhEi¢ig YR fouli ai3heY di8WRIutioh. STHis solution was

then stirred for 5 minutes. A solution of (PdCIMePPh;), (.5 equiv.) in THF was then
added, producing a light yellow solution with a precipitate. The solution was then
stirred for one hour. The solution was then filtered through celite, and the THF was
removed under reduced pressure until roughly 2 ml remained. Pentane (10 mL) was
then added to the solution which was then allowed to sit overnight at -40° C. The
next day, a white precipitate was observed to have developed. The product was then
recovered via filtration.

Example 16

1-(mesityl)-3-(2-hydroxy-3-tert-butyl-5-methylphenyl)-4,5-dihydro-
imidazolium chloride and potassium hexamethyl disilazane (2.1 equiv.) were
dissolved in THF (20 ml) at room temperature, giving a cloudy, light yellow solution.
This solution was then stirred for S minutes. A solution of (PdCIMePPhs), (.5 equiv.)
in THF was then added, producing a light yellow solution with a precipitate. The
solution was then stirred for one hour. The solution was then filtered through celite,
and the THF was removed under reduced pressure until roughly 2 ml remained.
Pentane (10 mL) was then added to the solution which was then allowed to sit
overnight at -40° C. The next day, a white precipitate was observed to have

developed. The product was then recovered via filtration.



overnight at -40 C. The next day, a white precipitate was observed to have
devel eped. The product was then recovered via filtration. 19 Exanple 17

1- (2, 6-diisopropyl phenyl)-3-(2-hydroxy-3-adanmant yl - 5- net hyl phenyl ) - 4, 5-

di hydr o-i m dazol i um chl ori de and potassi um hexanet hyl disilazane (2.1
equiv.) were dissolved in THE (20 m ) gt roomtenperature, giving a cloudy,
| ight yellow solution. This solution was then stirred for 5 mnutes. A
solution of (PdCLMePPh3)2 (.5 equiv.) in THE was then added, producing a
light yellow solution with a precipigxaifle fhe solution was then stirred for
one hour. The solution was then filtered through celite, and the THE was
renmoved under redygged. dBEc?p?@MﬁeMi& k2 ﬁﬂx‘&@w ad?arx{ﬂxtylsffﬁétﬁ‘ﬁﬁhenylﬁ’-&@ane (10 m)
was then added to the solution which over ni ght at
-40 C. The nalihydgaimidagolipm tchalom@e@dwptaw@n hﬁ@n@mbfhw@anedM@QW Jdeve| oped.

e Pt S A OSSR i o

di hydro-i m dardd solution leaombdauﬁﬂdoqﬂ)mam&s Urnshiexemet @YCIMePHhb)azanguiv.2. 1

equiv.) were., olved in TH roomte rature, giying a cloudy,
loht el | ow 8 QHERTen b bgicine DherhatiopR iR P eisntis” AL oq.
sol ution of NoMisBwafiRBB3t#red for@b hifur) Thé Foldtidn Wi ShenlTRRreddR@Hgh ddlieguci ng a

light yellow solution with a precipitate. This _solution was then stirred
for 1 hour. T theoTHE Warremqyedyader requcedpressurcringlignehik 2imlaemaiped. t he THE was
removed underpd Gy oD HithGadkdieh the'sBHEBA ¥hiZn s REFISRSE o RENL ane (10 nt)
was then added to the solution, which was then allowed to sit overni ght at
-40 C. The nexemiglyat -403/6| Tm%t@m pivhige predipithtelegsctbsgraed totage pr oduct was
then recover

1-(2,6-dii Sopregpékeglh?héﬁoﬁéét% H@é?%g%? dé\ﬁillp traHO% di hydr o-i m dazol i um

chl ori de and pot assi um hexanet hyI dlExdmplam& (2.1 equiv.) were dissolved in
THE (20 m) at roomtenperature, giving a cloudy, light yell ow sol ution.
This solution was 1 (Qtﬁed‘ixssprbpyip}rénylw (3-hpdroxi- e—&darﬂmﬁyiliuhéuhmlpbényl‘)li%s Br (PPh3) 2
(1 equiv.) |nT r oduci, n owsolutlon with a
precipitate. o%ﬁﬁztopg’ﬂc Eg? ta§§1prpihg)garqeg}y'1 g‘shﬁé THAIDN WP on was
then filter eculﬁslar»emghmletzotrﬂ) atAB6kn ttdiepetdtlize Wasing a cloudy, light yellow solution.

This solution was then stirred for 5 minutes. A solution of NiMesBr(PPhs); (1 equiv.)

in THF was then added, producing a light yellow solution with a precipitate. This
solution was then stirred for 1 hour. The solution was then filtered through celite, and
the THF was removed under reduced pressure until roughly 2 ml remained. Pentane
(10 mL) was then added to the solution, which was then allowed to sit overnight at
-40° C. The next day, a yellow precipitate had developed. The product was then
recovered via filtration.

Example 19

1-(2,6-diisopropylphenyl)-3-(2-hydroxyphenyl)-4,5-dihydro-imidazolium
chloride and potassium hexamethyl disilazane (2.1 equiv.) were dissolved in THF (20
ml) at room temperature, giving a cloudy, light yellow solution. This solution was
then stirred for 5 minutes. A solution of NiMesBr(PPhs), (1 equiv.) in THF was then
added, producing a light yellow solution with a precipitate. This solution was then
stirred for 1 hour. The solution was then filtered through celite, and the THF was
removed under reduced pressure until roughly 2 ml remained. Pentane (10 mL) was
then added to the solution, which was then allowed to sit overnight at -40° C. The
next day, a yellow precipitate had developed. The product was then recovered via

filtration.



removed under reduced pressure until roughly 2 m remained. Pentane (10 i)
was ‘then added to the solution, which was then allowed to sit overnight at
-40 C. The next day, a yellow precipitate had devel oped. The product was
then recovered via filtration. 20 Exanple 20

1- (2, 6-di i sopropyl phenyl) - 3- (2- hydr oxy-.3; adanent yl - 5- met hyl phenyl ) - 4, 5-

di hydro-i m dazol i um chl ori de and pot assi um hexanet hyl disilazane (2.1
equiv.) were dissolved in THE (20 m ) at roomtenperature, giving a cloudy,
| ight yellow solution. This soluti mamzmen stirred for 5 mnutes. A
solution of Tid4(thf)2 (.5 equiv.) in THE was then added, producing a dark

red sol ution wit hlm ssahwp}@ty&memﬁ(zswdy&xyonadamgn b%@&ﬂehﬂgufsor 1 hour.

The solution was then filtéred through celite was renoved
under r educedﬂwd@s@ma@ohumehlemﬂ PRGN h@aw&@yk Heitazang@d edpivi) Wegr et hyl

ether and al Iy %‘é‘ﬁ%@ﬂﬁﬁ ‘?)rzﬁ”rcgnm Lfﬂ'lg)eraﬁlge iving cl tllﬂﬁ‘éelw Soid Jﬁ)q crystals

were observe ave ope pr oduct en recoveredad via
filtration. Hharsplutio®vas then stirred for 5 minutes. A solution of T1Cl4(thf)2 (.5 equiv.) in

1-(2,6-diiso | phenyl.) - 3- t byl ph -4, 5-

di hydro-i m oL Ve %%‘8%‘1’85’ 8?%%%‘13 Sl?ﬁ%%ﬁ&‘?é%’{%iﬂ“n% @“}Séﬁgfﬁé (2.1

equi v.) were waditsenctialfot Nhéwt ﬂahydlﬁtm‘nuﬁamhe(xﬁﬂterﬂd)tmnglr@ﬁm ehhe THIFUT e,
giving a cloudy, light yellow solutign. ThISS ut| thenswredfor
5 mi nut es. A“@él‘ﬂ??véﬂ“%qerz“rdt‘feﬂpfesglre abﬁ’i?s‘ﬁmigf IV:'a “%H‘odé hylyr oduci ng

a light yell QuesadHiloR8d W ditbvBngst Ri-ietE. TheTKékﬁda?QiaH@ﬂe@Bry‘iﬁﬁ welen stirred
for 1 hour. The solution was then filtered through celite, and the THE was

renoved underobpesyrdcte Baysrdsyeloped. Tirnproduat wias theg receyared via§ltratigen t aken up in
diethyl ether and was allowed to sitg ﬁxﬂﬂ% ght at -40 C. The next day a
| i ght yellow precicpitate has devel ope e product was then recovered via

bt O X R 5 M Sl RS O 20
added 0. 438 giil(yﬂrtﬁﬁnidamlil)m shloride dd@otasiiem hexwactiyl disiddzanesl spol)ererand
pressu e Lot gilob SRR R Ooh 1D 585 Bef e Bty Leg] 5 0, ©
pressuri zed wellbwgblatdre rMhigsekution wadthep stirged folpHmirmtpsi Al dohwibh onZsfl, ($re react or

equiv.) in THF was then added, producing a light yellow solution with precipitate.

This solution was then stirred for 1 hour. The solution was then filtered through

celite, and the THF was removed under reduced pressure. The resulting solid was

then taken up in diethyl ether and was allowed to sit overnight at -40° C. The next

day a light yellow precicpitate has developed. The product was then recovered via

filtration.

Example 22
In a dry box, to a clean, dry reactor cell of an Argonaut Endeavor® containing

a disposable glass reaction insert was added 0.438 g (7.50 mmol) solid MAO. The

reactor cell was sealed and pressure tested to 400 psig. To the reactor cell was then

added 5.0 mL of toluene. Stirring was commenced and the reactor was heated to 65

°C and pressurized with ethylene gas to 400 psig. Upon equilibration of the reactor

temperature and pressure, 5.1 mg (5 pmol) bis(1-2,6-diisopropylphenyl)-3-(2-

‘hydroxy-3-adamantyl-5-methylphenyl)-4,5-dihydro-imidazolyl) titanium dichloride

dissolved in 0.5 mL toluene was then added to the reactor cell via an addition port.

The addition port was then immediately rinsed with an additional 0.5 mL of toluene

and the reaction timer was engaged. The reaction was then allowed to proceed for 90

minutes with a continuous ethylene feed. After 90 minutes, the reaction was



tenperature and pressure, 5.1 ng (5 snol) bis(1-2,6-diisopropyl phenyl)-3-(2-
hydr oxy- 3- adamant yl - 5- net hyl phenyl ) - 4, 5-di hydr o-i m dazol yl ) titani um
dichloride dissolved in 0.5 nL toluene was then added to the reactor cel
via an addition port. The addition port was then imediately rinsed with an
additional 0.5 nL of toluene and the rgaction tinmer was engaged. The
reaction was then allowed to proceed for 90 mnutes wth a continuous
ethylene feed. After 90 m nutes, the reaction was 21 term nated by venting

the excess etbylifdiel §a%ntingfe é)@:@ﬁte‘ﬂ{yl&@gh&m& réRen cAPRRCHeRbstned A1 g ass
cell Iiner and its contents were renoved. The _glass cell liner and contents

were then renB%sassicelhineraad Hy Sontspis vaseiremoyedy] Threlass pell inesandvgontentsio we %
HO ) was sl oy tRA gerﬁc@%@%rUJnltHc &g;ﬂsg afd%2-5 A2, &%@fdﬁiﬁd%&ﬁkatﬁwg%eﬁ’él? cel

liner. After standing for sever m nutes, the contents of the glass cell
liner were duvietowlyaed Qefuliyaddedioithl gontentsiof the glasorell liviser Afterstapdingr e kept
for one to t L es i ) . e 1{h excess
MeOH and fil }LI@F ge&g{agmglrm}g’etécsc.ogkégi%g ﬁhg{gléég{l@énﬁ?ge}ﬁe%glp%ﬁlgovgg {7 heati ng t he
resul t ant whi tapidjyosticted MeOHS @hé&e titegtevers eptifomond @rtwa BoteuThe tegulsingel d 1. 84 g of

pol ynmer product. Exanple 2 n.a dr 0 t clean, dry_reacjior cell of an

B yomaut P Endogiiore yanes nigt Wil afel BBt ahd gt FEindhrRiS08 ' uae mdaed

0.292 g (5. 00someRtswesiendvdd¥y hedtity thé R|ElAT wkit powdeSaticDEQ uigavachuand

pressure tested to 400 épﬁiﬁl‘rg'ﬁ‘&-ro the reactor cell was then added 5.0 nL of
G

t ol uene. Sti ror hhowasto ga4f pefymergodushict or cell was heated to 65 C and
pressurized with ethylene gas to 400E9§hg|e2l3)pon equilibration of the
reactor tenperature and pressure, 5.4 ng (5 gnol ®

bi s(1- (2, 6-di i sopriop@rpnzntelaclean, dry reactor cell of an Argonaut Endeavor™ containing

3- (2- hydr oxy- @ﬁg oy I - sohRolh T siemaly! irconi um
di chl ori de di %go vgﬁg%lﬁgsdéqgﬂﬁﬂt¥%rpﬂg%d\%\%§2§zd%£d to&?hgblr eactdldr’h}:cél | via an
addi ti on por teactdinell acd iheh ssalqdand pwasire ested ioAPE @sigt @b yherreat@delivah an
additional 0.5 i, pf, - Aol uene and..the reaction tinmer, was.en ed. The

Aottt on s Pl s ol ERfeRD ekl $E06kMcdd M ndiBRSRERAGE . T

et hyl ene f eedheatiddite 65 Wand pressdrized iith ethgbené gato 40@psig.cUpomajuidibraipn w€nt i ng t he

i mer - and |t SUBSHEBHIEBRORIE Pebste: shoegt Head BB ChenBepmmibhdufit ont o wer e
then renoved BADAYdbe)-Sladantaly]-8hhetylphefid) afs-dRydib-ih@ezoMaFirdodfdmM % HO )
was slowy and carefully added to the contents of the glass cell Iiner.
Aft er dichloride dissolved in 0.5 mL toluene was added to the reactor cell via an addition

port. The addition port was then immediately rinsed with an additional 0.5 mL of

toluene and the reaction timer was engaged. The reaction was then allowed to

proceed for 90 minutes with continuous ethylene feed. After 90 minutes, the reaction

was terminated by venting the excess ethylene gas. The reactor cell was then opened

and the glass cell liner and its contents were removed. The glass cell liner and

contents were then removed from the dry box and 2-3 mL of acidified MeOH (10 wt

% HCI) was slowly and carefully added to the contents of the glass cell liner. After

standing for several minutes, the contents of the glass cell liner were dumped into 200

mL of rapidly stirred MeOH, where they were kept for one to two hours. The

resulting mixture was then washed with excess MeOH and filtered to dryness.

Residual solvents were removed by heating the resultant white powder at 60 °C under

vacuum for 18 hours to yield 1.35 g of polymer product.

Example 24
In a dry box, to a clean, dry reactor cell of an Argonaut Endeavor® containing

a disposable glass reaction insert was added 0.438 g (7.50 mmol) solid MAO. The

reactor cell was then sealed and pressure tested to 400 psig. To the reactor cell was



standing for several mnutes, the contents of the glass cell liner were
dunped into 200 nlL of rapidly stirred MeOH, where they were kept for one to
two hours. The resulting m xture was then washed with excess MeCH and
filtered to dryness. Residual solvents were renoved by heating the

resul tant white powder at 60 C under vacuumfor 18 hours to yield 1.35 g of
pol ymer product. Exanple 24 In a dry box, to a clean, dry reactor cell of an
Argonaut Endeavor containing a disposable glass reaction insert was added

0.438 g (7. SQhegﬂmBad %)%h]il.,cbfw&_lr_)eTbﬁmngQ&@tlﬁﬁ c@rﬁilnllmdéﬂand iheﬂeaﬁﬁabﬂgva/@d;dS o
pressure tested to psig. To the reactor ce t hen adde
of tol uene. é’F?‘F‘ﬁ forfy w8 EPWéW“E%jrfﬁ’éth engr&gs a0 rpélécptz?f"“ g@fbrgien ofheat ed to

65 C and pr e&ﬁweh&&c{empérhu@tah&bﬁ&%rga% lﬁg)(SAp%lpﬁ(Q% d%x%ﬁfbp?ﬁbﬂéﬂy’l)bf -giion of

the reactor tenperature and pressure, rTg
1- (2, 6- di i sopweieyyBtadamintylsh- (ngthylphenyl) 45 d1hy r01m1dazoly1 methyl

hydr oxy- 3- ad gﬂéa
trlphenylphospﬁlhgllp 8&8% %%§E§ ve ﬁﬁ§83%9%@ﬁ§? to ue%%&“ggkgﬁhéﬁuto t he
reactor cell v1a/ar9ackimoaqidntt Theadddion pof[heas gt inhinediatplyrinsedasith lren i nedi atel y
rinsed with a

huaced The 1dudtalors L Biyens Andlhe kS Yo B tlkatd ofesfitnibh TRL0ORT |

conti nuous etdiiplved®d préseed fohbo afinfd& Witlfﬁd)h&x&lous éthyenecfaed. | After\WOSnih@tes)i nat ed by
venting the excess, et hyl ene ?2 The reactor cell was__then opened and the
gl ass cel | | it reacion ' ermane Ry yerpimedhe sy dylendgasy The seagter ¢ell Wasner and

contents wer ahéd\6enéddiR R4 8N Lk akl its &Q?én@ RreZreRotdd. Ofhe 3fdselédni ed  MeCH
(10 wt % HA) was slowy and car eful Iy added to the contents of the glass
Y

cel I Iiner. lmerend contspiaivisty then remeved faom fiedat bax and Red wbiof aidifiedf the gl ass
cel I 1iner VW@OHQWE%H@]‘)Q@%QQWQSSP@%QHI addelitd &€ ¢ ﬂ?oﬂmé sddafly were

kept for one to two ours tlng Xt ure was envva W th
excess M OH almrfAftcretaedmg or sglveyarl@ssuted?éslcdmmts sithe glassselldiner weam)ved by

heating the fESHLAI N S PANELAOR. W BIPLNIGHIT Lo i, hoUTS Lo

yield 0.35 ner produ T0°a" ¢l ean dry
react or ceII lﬁiusari‘héﬁgolmagmlﬁﬂﬂmcﬂfeﬁwasmmlmem:en;gMeﬂ)fﬂmirtﬂ&aadallte gl ass

S RARLG TN S N WA NIRRT T e S )
then added 1. ﬁﬁde@\fac&nﬂﬂfrb@ﬂlﬂﬂ@‘&f §ield 0836 FPblytnePprotuc®. W % nor bor nene | n
tol uene) Example 25
In a dry box, to a clean, dry reactor cell of an Argonaut Endeavor® containing

a disposable glass reaction insert was added 0.292 g (5.00 mmol) solid MAO. The

reactor cell was then sealed and pressure tested to 400 psig. To the reactor cell was

then added 1.0 mL of a norbornene/toluene solution (79 wt % norbornene in toluene)

followed by 4.0 mL of toluene. Stirring was then commenced and the reactor cell was

heated to 65 °C and pressurized with ethylene gas to 400 psig. Upon equilibration of

the reactor temperature and pressure, 5.1 mg (5 umol) bis(1-2,6-diisopropylphenyl)-3-

(2-hydroxy-3-adamantyl-5-methylphenyl)-4,5-dihydro-imidazolyl) titanium

dichloride dissolved in 0.5 mL of toluene was added to the reactor cell via an addition

port. The addition port was then immediately rinsed with an additional 0.5 mL of

toluene and the reaction timer was engaged. The reaction was then allowed to

proceed for 120 minutes with continuous ethylene feed. After 90 minutes, the

reaction was terminated by venting the excess ethylene gas. The reactor cell was

opened and the glass cell liner and its contents were removed. The glass cell liner and

contents were then removed from the dry box and 2-3 mL of acidified MeOH (10 wt
% HCI) was slowly and carefully added to the contents of the glass cell liner. After



followed by 4.0 nL of toluene. Stirring was then commenced and the reactor
cell .was heated to 65 C and pressurized with ethylene gas to 400 psig. Upon
equilibration of the reactor tenperature and pressure, 5.1 ng (5 p.nol)

bi s(1-2, 6-diisopropyl phenyl) -3-

(2- hydr oxy- 3- adanmant yl - 5- met hyl phenyl ') - 4, 5- di hydr o-i m dazol yl') titanium

di chloride dissolved in 0.5 nL of tol ué’ﬁe was added to the reactor cell via
an addltlon port. The addition port was then imediately rinsed with an
addi tional The
Feact i on- vias “FRELE af feyriafnHES BOCrlclR, I SR Ol I el RO R R0

et hyl ene f eedL rapitlyrstiged MeQth Uberelﬂtve' wereekapt fop anekeswo dipwris nﬁhetstslﬂsmg/entl ng the
excess ethylen The re t h s cell Iliner
and its conter%et 1%%? éhePévrrﬁheg g'fﬁcess#\%\segf%n&qﬁéﬁ%ﬂ%? gﬁs ﬁ(‘E’%)l(rif?lznts were then
renoved frormdslh@tﬁwgte bmovedbly Ecaﬁngtthe@ésuamwuhfte paivdd @H60 “Munder va¥mbll ) was
slowy and c refilp‘é% added to the contents of the glass cell liner. After 23
st andi ng for 1% YIRS & FRRYEERPOAYL: of the glass cell liner were
dunped into 200 nl rapidly stirred g¥apdpie 21ere they were kept for one to
two hours, The resulting mxture was then washed with excgss MeOH and
filtered to drynelisadrrbey, quasleans dryivesntar opkh pleany Asganany Endeapera cppigininge

resul tant Wil RO Sl ey in GuLRGRE adiRA4D) 51900 AnchUE MAOYRRL 2,69 g of

pol yrer produc nadry ry reactor cell of an
Ar gonaut Endeeaetor ¢all) wasdknnascaicdwgld paesdirs p&;@dm €00psigs STorthesaétoncellngasr t  was

added 0292 G380, TR e 30bAS Ao TNE o AT SSlckochfile i EMLcRGR) ed, and

pressure t est & react n- ad 0O nL of a
nor bor nene/ t dblicaved bg @IOuhL oﬁto(uZﬁe vﬂur%gmadouhemmnﬁnemed aldukeehictod Wwisl oved by 4.0

nmL of toluene. Stir sthe ced and her ctor s. heated to 65
S and preosurraiiorsef dad Ferhnet ad B s @an B 40 Mg poh cuikBRie 8a of | the
react or tenpegekeatict t@ﬁ'&rﬂﬁr@%ﬁ&'ﬁr@ssué 4.4 (GunkoY) l)ls(l (26 -diisopropylphenyl)-

bis(1-(2, 6- d||sopropylphe yl)
3- (2- hydr oxy ﬁd’dﬁ%ﬁ?;ﬁﬁa’BaWtWF'ﬁW@H?ﬂY}) 45-gihydmegimidazoly) asMym)  zi r coni um

di chl ori de_dignsivedisidhediPoSimtl RhHR0GaVBReR UIRL ol U ViEREkRLioRS! | via an

addition port. The addition port was then | medi at el i nse an
addi ti onal 0 .pertniTheadditionipasivas thed immediatehainisehwith n@ad%m@ale%a@af The

iyl ene 1 ood PB4 LESELhEum B R R B T o el &by "Venti ng the

excess et hyl eneeghfor 12hminnteawith comtaiupus/dlsylenedeed. After 90 minutes, the
reaction was terminated by venting the excess ethylene gas. The reactor cell was then
opened and the glass cell liner and its contents were removed. The glass cell liner and
contents were then removed from the dry box and 2-3 mL of acidified MeOH (10 wt
% HCIl) was slowly and carefully added to the contents of the glass cell liner. After
standing for several minutes, the contents of the glass cell liner were dumped into 200
mL rapidly stirred MeOH, where they were kept for one to two hours. The resulting
mixture was then washed with excess MeOH and filtered to dryness. Residual
solvents were then removed by heating the resultant white powder at 60 °C under
vacuum for 18 hours to yield 1.30 g of polymer product.

Example 27

® containing

In a dry box, to a clean, dry reactor cell of an Argonaut Endeavor
a disposable glass reaction insert was added 0.292 g (5.00 mmol) solid MAO. The
reactor cell was sealed and pressure tested to 400 psig. To the reactor cell was then
added 1.0 mL of a norbornene/toluene solution (79 wt % norbornene in toluene)
followed by 4.0 mL of toluene. Stirring was then commenced and the reactor was

heated to 65 °C and pressurized with ethylene gas to 400 psig. Upon equilibration of



opened and the glass cell liner and its contents were renoved. The gl ass

‘cell *liner and contents were then renoved fromthe dry box and 2-3 nL of
acidified MeOH (10 wt HCl) was slowy and carefully added to the contents of
the glass cell liner. After standing for several m nutes, the contents of
the glass cell liner were dunped into %go m. rapidly stlrred MeOH, where

they were kept for one to two hours. The resulting mxture was then washed
with excess MeCH and filtered to dryness. Residual solvents were then

removed by h%&bi&ﬂ)ﬁéﬁﬂp&ﬁﬁé‘hﬂ@ﬁﬁss%'dgnﬁqv\@?ﬁnoﬂl)tl @%&iléép%pxph&ﬁy@uslm for 18
hours to yield 1,30 Mduct Exam dry box, to a

clean, dry r&xBYdpxyc pqlan@ptyhg ayD- ﬁ%‘ﬁ‘)ﬁz@lﬁh‘f‘ﬂ'ﬂl ng a disposable
gl ass reacti s, MG react or
cell was sea;&gbcsll an@rots?essd?%p@gsgggg to Arfg‘Stopa g. }ler?ﬁdgkgteact oeraaggll was
then added teldvighn @dditépnrpwrtbdhen@ﬁmm poeneassiiniminediaferpringed Sithanborrene i n

t ol foll t , d dth
reactor vas. *HGHFRLTS pteet oerk ook et Eliion el Fes el TRERQEBTIERGCO pigr
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| 1-( 2, 6-di h
o by tr oy nRD T YacBOT S mitsc vy verting e Auas o thylens 28 Theresstgy

tri phenyl phospbimRe oBérﬁHﬁﬂ\d @k SR R Uinér in@ it8 chiltert O REMIVRE. THeRMadddrd to the
reactor <cell via an addition port. The addition gort was then inmedi ately
rinsed with aier adgptesnuerethes removstl fiog the dey bonand Ad meatedidified i ner was
engaged. The i 125k (W th
cont i nuous eth'?ly e feoq?teé ) 1%@%&?})@gkgm nu%@%mdgﬁgoetﬁ%g@{t? on V\tg@sél?%r%ﬁl nat ed by
venting the éinclesbsfteestlarydimbr spaysral ﬂihmtelsahccmentwfshetglm cdpbmdveatnd t he gl ass

cell liner and The ass | i ner and contents
wer e then re@B %dglfn O%btrﬂéraglrf 8%@% W%‘&ka?ei P R (10 wt %
HC ) was sl owoyrsafhe aulgigiixyuraddedien @athad withrekesi MeO’H ztnlaeilgfeass cel |

liner. After standing fqr several mnutes, the co nts of the Iass cel |

i ner were  GEMERd HOMOBA SRUOTHL ™ers BB RN oY DEP DB B R RIS o K ept
for one to t\M)601’®uﬂd%rv55tiﬁnlf&518|hbhﬂ§@)ﬂbmtwﬁegdﬁﬁ)lﬁﬂb@@rd&&&hed wi th excess
MeOH and filtered to dryness. Residual solvents were then renoved by
heating the resultant white powder at 60 C under vacuumfor 18 hours to
yield 0.15 g of polyner product. 25



W claim |. A polynerization catalyst conprising: a netal center selected
fromTi, Zr and H, with at | east one chelating ligand conprising a carbene
with an anionic noiety, wherein the at | east one chelating |igand has a
structure selected fromR R RLRL1 R,NNOR2rll~ / Nfnxe R(I) x
RI/1 Rl RN X (1V) OR2 wherein Ris any hydrocarbyl group; each R is

i ndependently any hydrocarbyl group; R2 is any hydrocarbyl group; nis
selected from1 and 2; and X is sel ect eds fromO, Nand S; wherein both the
carbene and the anionic noiety are coordinated to the netal center. 2. The
polynerlzﬁkvﬁhmbatalyst of claim1, wherein the polymerization catalyst
conprises two chelating |igands. 3. The polynerization catalyst of claim 2,
further conprising two halide |igands, wherein the halide |igands are each
i ndependent | y abBeieeidationosntalyst chinprasigp:l . 4. A process for preparing a
honmopol ymer or copol ymer conprisi ng_contactin east one a-o0| ef]
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wherein R is any hydrocarbyl group; each R' is independently any hydrocarbyl group; R? is
any hydrocarbyl group; n is selected from 1 and 2; and X is selected from O, N and S; wherein

both the carbene and the anionic moiety are coordinated to the metal center.

2. The polymerization catalyst of claim 1, wherein the polymerization catalyst comprises

two chelating ligands.

3. The polymerization catalyst of claim 2, further comprising two halide ligands, wherein

the halide ligands are each independently selected from Cl, Br and I.

4. A process for preparing a homopolymer or copolymer comprising contacting at least
one o-olefin monomer with the polymerization catalyst of claim 2 in the presence of an

aluminum activator,
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the netal center; and with the proviso that when the netal center is N or
Pd the pol ynmerization catal yst conprise? one of the at |east one chelating
ligand. 6. The process of claimb5, further conprises contacting ethyl ene and
t he polynerization catalyst with at |east one nononer selected from

a- ol ef i ns;5, norHeprRB&SfoRPépaing £AHopdlyhéteor déF@l%fﬂé? orfipridiflg BbHABLIAY Bhylene
activator. 7. A process for preparing a copolymer conprising contacting the
pol yner i z@ith on pdyménzgtion ofatalyshi prd Qptignally, [easluminn dpgtivatosntWhestionbe s

sel ected from a- fi . & Ni
nyar ocar by BvRevT bRy AR SR Rk R RER T S A ION pREPA T o
act i vat orleast one chelating ligand comprising a carbene with an anionic moiety, wherein the at least
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wherein R is any hydrocarbyl group; each R' is independently any hydrocarbyl group; R’ is
any hydrocarbyl group; n is selected from 1 and 2; and X is selected from O, N and S; wherein
both the carbene and the anionic moiety are coordinated to the metal center; and with the
proviso that when the metal center is Ni or Pd the polymerization catalyst comprises one of the

at least one chelating ligand.

6. The process of claim 5, further comprises contacting ethylene and the polymerization
catalyst with at least one monomer selected from a-olefins, norbornenes and styrenes in the

presence of an aluminum activator.

7. A process for preparing a copolymer comprising contacting the polymerization catalyst
of claim 2 with at least two different monomers selected from a-olefins, norbornene,
norbornene containing a pendent hydrocarbyl substituent and styrenes in the presence of an

aluminum activator.



