CHROM UM COVPLEXES AND THEI R USE I N OLEFI N

POLYMERI ZATI ON Fi el d of Invention [0001] The present
WO pnef1230n i s directed toward chrom um conpl exXBCT/EAZN05/022550

their use in olefin polynerization. Mre specifically

the invention is directed toward chrom umtri halide

conpl exes having bis-benzim qazol e ligands and their

use in olefin polymerization: "Background of Invention

[ 0002] Nitrogen-based chelates of transition netals

such as Ti, N, Pd, Co and Fe have been actively

i nvesti gated i n GIEROMIYNEOMELEXS ANBI yreri zat i on

catal ysts. THPSR SEINIOLEFINPOLYMERIZAFION ni ne and

tridentate bismnopyridine |igands have been found to

be highly active catalysts for olefin polynerization.
FitROSSInvMRrien r ecently, simlar investigations of

coordi nation chenmi stry and catal ysis have been

extended to chrom um (11 I?=T conpl exes .cont.ai ni
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) lf -1250). [0004]IﬁDespite ?he advances madg in
theixtudk ¥s blefitspelymegivatiogi ng chromium there is a

continuing need for new catalysts that will provide a

greater degree of
Background of Invention

[0002] Nitrogen-based chelates of transition metals such as Ti, Ni, Pd, Co and
Fe have been actively investigated in recent years as olefin polymerization
catalysts. Those incorporating bidentate a-diimine and tridentate bismino-
pyridine ligands have been found to be highly active catalysts for olefin

polymerization.

[0003] More recently, similar investigations of coordination chemistry and
catalysis have been extended to chromium (III) complexes containing certain
imidizole-based chelate ligands. These complexes, when activated with methyl
aluminoxane (“MAQ”) were found to catalyze the oligomerization of ethylene.

(See Ruther et al, Organometallics, 2001, 20, 1247—1250).

[0004] Despite the advances made in catalyst systems employing chromium,
there is a continuing need for new catalysts that will provide a greater degree of
control over polymerization processes. Homogenous, chromium-based catalysts
are believed to possess the potential of providing better control over polymeriza-
tion processes than many other organometallic catalysts. For example, a neutral
nickel (II) catalyst containing bidentate monoanionic ligands produce linear o-

olefins with a very wide range Schulz-Flory type distribution. An object of the



control over polynerization processes. Honbgenous,

chrom um based catal ysts are believed to possess the
w@odoentazat of providing better control over poP@IES108E022550

tion processes than many ot her organonetallic

catal ysts. For exanple, a neutral nickel (11) catalyst

cont ai ni ng bi dent ate nonoani gni ¢ | i gands produce

linear a- olefins with a very wi de range Schul z-Fl ory

type distribution. An object of thepresent invention,

therefore, is to provide novel chromi um base
prmhaimnaousmemform it toeproyidenraviel shrQIRiUGR bé?»f‘é’r gafalysts useful

Sumary of Inventlo [ 0005] In one enbodi nent the
1ntmwgﬁwnsﬁun§oao 88 tion having the formul a where R1

and R2 are independently hydrogen, Cl1 to Cl2 |inear

and kyl, C3 to Cl2 cycloalkyl, aryl, Cl to
S“@Tfma.igﬁgggush , S8, Cl to Cl12 perfluoroal kyl, and

N(CH3)2, R3 is independently selected fromthe grou

Eunmﬂa

[OGGSIIS' st 68k embbBiEhegahe ifention@ 2 compeaiticmbating tlath
G to Cl12 cycloal kyl, aryl, and

2 2 2 trifl uoroetr??, Ais -CXﬁ%w] - (CH2) X-,
- (CH2) XNH( CH2) X-, pr -CY2CY2 ere R4 is a
hydrocarbyl, hal osubstituted hydrocarbyl, or alkoxy
IS an integer

from1l tg ' : I'ss,hal ogen,
trifl até¢ Q fl uorpacet at drldelor
t etRh @ . anot he arient t he
i nventi » a8t copprisitont he\reacti on

product ¢gm™\a conpound ot ,f/or mula | and”§n activating
co-catafyst.[0007] In y \anot her enbodi vent a mnet hod
for makgkng pol yol efi Is R

where R! and R? are independently hydrogen, C; to C;; linear and branched
alkyl, C; to C;, cycloalkyl, aryl, C; to Cy, alkoxy, F, Cl, SO;, C; to Cyy
perfluoroalkyl, and N(CHs)z,

R® is independently selected from the group consisting of hydrogen, C, to Cy,
linear and branched alkyl, Cs to Cy, cycloalkyl, aryl, and 2,2,2-trifluoroethyl,

A is -C(R%)-, -(CHp)y-, -(CHp),NH(CHp)x-, or -CY2CY o,

where R* is a hydrocarbyl, halosubstituted hydrocarbyl, or alkoxy group of from

1 to 12 carbon atoms, X is an integer from 1 to 12, and Y is halogen,

and

X is halogen, triflate, acetate, trifluoroacetate, hydride, or tetrafluoroborate.

[0006] In another embodiment the invention is a-catalyst comprising the

reaction product of a compound of formula I and an activating co-catalyst.



provi ded whi ch includes contacting ol efinic nononers
under polynerization conditions with a catal yst

W@ 09p0sI3eT on conpri sing a conposition having fRCHUEA0$/022550
and an activating co-catal yst. [0008] These and ot her
features, aspects and advantages of the present
invention will becone better, understood with regard to
the foll owi ng description ééd appended cl ai ns.
Det ai | ed Description [0009] The invention provides
novel chrom um bi s-benzi m dazol e conpl exes whi ch, when
used Wi th an activating co-catal yst, provides a novel
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Detailed Description

[0009] The invention provides novel chromium bis-benzimidazole complexes
which, when used with an activating co-catalyst, provides a novel catalyst

composition.

[0010] The chromium complexes of the invention are represented by the

N ]
RZ

formula

N AGAE TR
N\C r/N

e Ny 2

X
where R! and R? are independently, hydrogen, C; to Cy; linear and branched
alkyl, Cs to Cy; cycloalkyl, and aryl, C; to Cy; alkoxy, F, Cl, SO;, Cyto Cyp
perfluoroalkyl, and N(CHs)s,

R? is independently selected from the group consisting of hydrogen, C; to Cy,
linear and branched alkyl, C; to Cy cycloalkyl, aryl, and 2.2 2-trifluoroethyl,



and X is halogen, triflate, acetate, trifluoroacetate,
hydride, or tetrafluoroborate. [0011] Preferred
weowposa3eT ons are those in which R3 is an al kyPCDS20p5/022550
1 especially n-butyl; where R and R are hydrogen or
rrethy!; where Ais -C(CAH9)-, or -CF2CF2-; and X is
chlorine. [0012] The conpounds of the invention are
made by reacting Cr(l111) halide, e.g., Od3 or
G d3-(THF) 3 (THF = tetrahydrofuran), with the
appropriate ligand. This is done by adding the
chrom um’'conpound to a solvent or diluent and then
A 2ddirY- 1 ieH,) 9anCH,)NHECHS), v ent-Cah,Cdistuent . Sui tabl e
solvents or diluents include |iquid or supercritical
8. , I g
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hydr ocar bons |i ke cycl ohexane, nethyl cycl ohexane;
hal ogenat ed hydrocar bons such as chl orobenzene;

ander fl uori nated C4-10 al kanes; and aromatic
hydrocarbons |i ke tol uene. The resulting chrom um

ocar be _ rori um
X A MR B E el AR g % o IR GbORL

chrom um conpl ex may be prepared in the sol vent or

i,ue .. : 3 .
(o)1 st AEedApthifighe ARARORL HIRAIGHAR! Arin dityt Bchp,
es;%e)ﬁé’dl%ﬁ%b)ﬁtﬂ?%bf@ﬂl afd Riers hPrdm’gten@Jr misthyk vwhere @disf or

pol ymerization i mredi ately before adding the

-CCAg)nior -6FpCHe; andXbis ghdoymeri zed. [ 0014] As i ndi cat ed

the following ligands are preferred: 1,

' -bi s(l butyl benzi m dazol -
[0012] The compounds of the invention are made by reacting Cr(III) halide,
e.g., CrCl; or CrCl;(THF); (THF = tetrahydrofuran), with the appropriate
ligand. This is done by adding the chromium compound to a solvent or diluent
and then adding the ligand to the solvent or diluent. Suitable solvents or diluents
include liquid or supercritical gases such as CO,, tetrahydrofuran, straight and
branched alkanes like isobutane, butane, pentane, hexane and mixtures thereof;
cyclic and alicyclic hydrocarbons like cyclohexane, methylcyclohexane;
halogenated hydrocarbons such as chlorobenzene; perfluorinated Cy.;o alkanes;
and aromatic hydrocarbons like toluene. The resulting chromium complex is

separated by removal of, or precipitation from, the diluent or solvent.

[0013] Optionally, the chromium complex may be prepared in the solvent or
diluent to be used for the polymerization. In this instance, the chromium
complex and the co-catalyst are typically combined in the solvent or diluent used
for the polymerization immediately before adding the olefinic monomer to be

polymerized.



2-yl ) pent ane;
1, 2-bi s(1-butyl benzi m dazol -2-yl)-1, 1, 2, 2-
wao edosmil3eor oet hane; and 1,1 PCT/US2005/022550
-bi s(I| -butyl -4-nmet hyl benzi m dazol - 2-yl ) pentane. [0015]
1, 1- Bi s(1- butyl benzi m dazol - 2-yl ) pent ane has the
structure 11: [0016]
1, 2-Bi s(1- but yl benzi mi dazol =27yl )-1, 1, 2, 2
tetrafl uoroethane has the structure I11: [0017]
1,1-Bis(1-butyl -4 nmethyl benzim dazol -2-yl)pentane has
[001#8 StAsdidicaed thd AOBYinEAmanidyaredpretaredid., ilmbhly on

oot i i S e RS R 2.
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et BicapetRat ot e CoRpOg R R Bhathid e 2O Bentane;
conmbined with an activating co-catalyst to provide a
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contai ning an Al -O hopd such as the al kyl al unoxanes,
of whi ch net hyl aIunE&%ne ("NM(T)Cﬂ§ an exanple. O her
suitable co-catal ystps include m xtures of.alkyl

al unoxane witk_one oY 1| Q_Or

trial kyl efpou , g | Kyl

al unoxanesg al um nu ' alli des and
an al kyl ati ¢ Aat i ngagent s

gme [ ['ithium
Typically the alkyl group will range from1 to about
12 carbon atons. [0020] A preferred activatindl
co-catal yst i s nethyl al unoxane.

[0016] 1,2-Bis(1-butylbenzimidazol-2-yl)-1,1,2,2 tetrafluoroethane has the

structure III:

F F
N ' N: i :
i :N N I

[0017] 1,1-Bis(1-butyl-4 methyl benzimidazol-2-yl)pentane has the structure
IV:
CaHo cH,
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CHo
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[0021] O efinic nononers that are useful in formng
polyners with the catal yst of the invention include,
Wo ornsexasepl e, ethylenically unsaturated nDNONEPGT/US2005/022550
non- conj ugat ed di enes, oligoners and higher nolecul ar
wei ght, vinyl term nated macroners. Representative
exanpl es i nclude C2-20 ol efi,ns, vinyl cycl ohexane,
tetrafl uoroethyl ene, and niXtures thereof. Preferred
are C2-10 a-ol efins such as ethylene and 1-hexene.
[0022] In general the polynerization i s acconplished
[0028] t effhelmtndesf thenigiention oy dsounthestind ¢ung 1ques

preferably 00C to 2500C, .and pressures of fro
knoxeniostheee Fkilled ipdapatit Hb&ph é?ggg( %J%Kxﬁéi‘mpie?u irq'§b| e
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ut bon, . sl urry, s oR" : i
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the like. [0024] Th | ' i ;
vt the ot boaanEs SO A B S
pol.y IS r.ecov d t i i ]
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alkVi Siualdxananidr dumisentetitedor DeOmilides gngainralkylating
aken with a TA Instrunments 2920 Cﬁl orimeter using,a
agent.aRxamipéesodf alkylating agents include methyl magnesium chioddé'and

methyl lithium. Typically the alkyl group will range from 1 to about 12 carbon

atoms.

[0020] A preferred activating co-catalyst is methylalumoxane.

[0021] Olefinic monomers that are useful in forming polymers with the
catalyst of the invention include, for example, ethylenically unsaturated
monomers, non-conjugated dienes, oligomers and higher molecular weight,
vinyl terminated macromers. Representative examples include Cj 5 olefins,

vinylcyclohexane, tetrafluoroethylene, and mixtures thereof. Preferred are C,.1o

a-olefins such as ethylene and 1-hexene.

[0022] In general the polymerization is accomplished at temperatures ranging
from about -100°C to 250°C, preferably 0°C to 250°C, and pressures of from
atmospheric to 2000 atmospheres (200 Mpa). Suitable polymerization condi-
tions include those known to be useful for olefin polymerization catalysts when
activated by aluminum or boron compounds. Suspension, solution, slurry, gas

phase or other process conditions may be employed if desired.



10C/ m nute. Elenmental anal yses were carried out by

Qrl, Whitehouse, NJ. Field desorption mass spectra
wowree/ 0a3eai ned on a VG ZAB system Infrared spRCI/D82005/022550

wer e obtained on a Mattson Gal axy Series 5000

spectronmeter running First software. NWVR spectra were

obt ai ned using a Bruker Avanze 400 U trashield

spectronmeter, with default calibration to CFC 3 used

as a standard for 19F spectra. Solid-state NWVR

experinments were carried out using a Chemagnetics

CWXI | - 200 spectroneter. Exanple 1. Synthesis of

- bi : SaitonTyerRany wihbe quuete inTthe PuesBBCAPT a

[0%%26]%%1’2}%%% AfionTyERaRy ioint flask, B

solvedt.r Beiyble seblicats ineluds4oiment,) medylensehlasdeghlgrobenzene,
mal oni ¢ acid (2 equival ents). Pol yphosphoric acid (~

THBong) thegdikeadded directly to the solid mixture. The
flask was fitted with an air-driven mechani cal

stirring shaft and heafed to 1600C.under a_ nit.r n

[0§2A1ge. Fhe polmEAonHI e G oTdume SuftiRp Rl togm the
I xture was stirred f : d

pobtirbend fvpg vinst & 1eePlprbd D bRy AR RISERAE Me rand
' ' BéreWRgtedsed to grind the solid
lllﬁéﬁ%%pg%aerﬁgfjurrfy. The water was thenneutxalized

to a pH of ~8 wi th ammoni um hydroxi de. The product,
(0625, - PibiHeTolshhes ek ﬂfb&@hvol?i'r? ligardsaime catelysts, stage

Isolated by filtration and dried in a vacuum oven at
mdlt88 olsts vesre detdrmingdvisnaltpand are wec@utenh| PSGumeling

of this product was placed | 30 i L round botto
ok SHETOIAFPTEN B el ATTAF TSI RS2 0r GHOGREL By e Sear ke of
1(}%&2&9}1#1}%{:]1 1%}%1%1’ gr?gly&%wgfeoc%ﬁim b}T @T Tl WASikchtRSe, NJ.
Field desorption mass spectra were obtained on a VG-ZAB system. Infrared
spectra were obtained on a Mattson Galaxy Series 5000 spectrometer running
First software. NMR spectra were obtained using a Bruker Avance 400
Ultrashield spectrometer, with default calibration to CFCl; used as a standard for

F spectra. Solid-state NMR experiments were carried out using a

Chemagnetics CMXII-200 spectrometer.

Example 1. Synthesis of 1,I'-bis(1-butylbenzimidazol-2-y1)pentane
(TriBu-BBIM)

[0026] In a 250 mL 35/25 ball joint flask, 1,2-phenylenediamine (54 mmol)
was combined with malonic acid (2 equivalents). Polyphosphoric acid (~ 100 g)
was added directly to the solid mixture. The flask was fitted with an air-driven
mechanical stirring shaft and heated to 160°C under a nitrogen purge maintained
with a septum and needle. The molten mixture was stirred for 7 hours and
subsequently poured slowly into a large (1 L) excess of cold water. A Waring™

blender was used to grind the solid product / water slurry. The water was then



bubbl er. Under a flow of nitrogen, 6.0 g of sodium
hydride (60% di spersion in mneral oil) was added over
woep@clie7 whil e stirring at 00C. The reacti on ReBUS2005/022550
allowed to warmto roomtenperature, and 25.00 niL
(0.220 nol) of 1-iodobutane was added dropw se over
one hour. The reaction mxtute was |left stirring under
nitrogen for 48 hours. The ’r%écti on m xture was
guenched with water and then an additional 400 niL of
wat er was added. After stirring for one half ho
neltrglinasi to aspiifi~Gwith sumbonivme By drrédeor Gha p@dwef I 1-
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was Pifddd £50d B, Fddi'l%rﬂottoﬂi‘ ElaSEMIEN sidesrme D cvafttiowed
uced pressure fromthe conbined eluents to give

by\Bé 4d@dion-dfi 3tkmb of drheytreusyBMSOi e flgsrivas &wmfﬁgedawth a
roomtenperature (C27H36N4, FW = 416, 6

bubbKeﬁ?%nden aNiry pEpitrogen, 6.0k of sortipm hﬁgglde 6,50% %&srﬂersmn in

nnygbmi ot) ququdgdlf)velzog@f{%% WE?!& stlﬁ%léngo@ 41616 rﬁa%{%n"\'%as

auggged tf v {9 rB tepfhpetntel %%Fﬁs 90089 N&(o £204n6l) )@f_s E'Z

-1%§l$b§tané 472as4addé3 Rlrépwikddver on@Rolr. The r@ctmngnmtuwms left
5 31.2, 30.1, 22.5, 20.0, 14.0, 13.4.

uﬁlﬁ% umktrl nitrogemfdr)48 haoso ThejreactyBEmMi§ire ¥o8 ﬂugmhed with

T L e s e
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with cyclohexane and was washed with water. The volatiles were removed from

the cyclohexane phase under reduced pressure to leave a dark oil. The oil was
chromatographed on silica gel with methylene chloride as the eluent. The
solvent was removed under reduced pressure from the combined eluents to give
a very pale-pink oil that crystallized upon standing at room temperature
(Cp7HzNy, FW = 416.61). Yield: 20.44 g (67%). 'H NMR (CDCl13): 87.79 (m,
2H), 7.24 (m, 6H), 4.88 (t, J = 7.9 Hz, 1H), 4.16 (d sp, J=5.0Hz,J =40.9 Hz,
4H), 2.59 (m, 2H), 1.44 (m, 4H), 1.16 (m, 4H), 1.10 (m, 2H), 0.99 (m, 2H), 0.89
(t,J = 6.8 Hz, 3H), 0.61 (t, T = 7.0 Hz, 6H). "C NMR (CDCl3): 8151.8, 142.4,
135.6, 122.6, 122.0, 119.6, 109.7, 44.0, 40.9, 31.5, 31.2, 30.1, 22.5,20.0, 14.0,
13.4. IR (KBr pellet, cm™): 3050 (m), 2955 (m), 2931 (m), 2862 (m), 1613 (W),
1501 (m), 1458 (s), 1400 (s), 1331 (m), 1285 (m), 1008 (m), 933 (m), 743 (s),
434 (w). R¢=0.73 (ethyl acetate). FD-MS m/z (%): 416.1 (M"). Melting point
(stage) 82-83°C.



(stage) 82-830C. Exanple 2. Synthesis of
[l1,]"-bis(l-butylbenzimdazol -2-yl)pentane]CrC 3

w@ ¢obaBwesBBl M Cr A 3) (A) [0027] CrCl3 (THF) 3 (BCRUSN5/022550
0.72 nmmol) was weighed into a flask equipped with a
stirrer under argon. THF (15 nmL) was added to the
flask followed by the ligand, triBu-BBIM (0.33g, 0.79
nmol ). The solution was stiTfed overnight at room
tenperature. At the end of this tine period, the
solution was added to 100 nL of diethyl ether. The

Exﬁﬁfp‘-lé Rt Sgﬁtél‘ﬁais OTffi[[lIl’ebie(:l-huwlbmh@tﬂami-ﬂ-ﬁelt)p@maaﬁ}ﬂrCh
exane an ri ed under vacuum at roomtenperature.

((TYiBa-BBIODC1§; 13804 (C27H36NACr O 3, FW = 5%)1. 96). NWR
spectra in CDCl 3 and THF showed broad peaks,

okl Tt LS5y il Ly e
. .9 (s .

el S0 D S S
hgéﬁé_ﬁ%‘é‘%@&@[ I8 Bimody."The §bkutidh was stirred overnight at

hzi mdazol -2-yl)- 1,1,2,2-

rodBkEmbbianaieetAahe chBidBuhisCafd peitai Mhe [sobaip was addwbto 100
mL 35725 ball joint flask, 1,2-phenylenediamne (5. 92
gt Gkt lratitr) Tiespresiriaan TR O B FAnd

id (5. , - -
o i i B P o EELAESONEY 9 450
(C%ﬁglﬁg%&é%rWﬁ gggg%z' YVIR'Geb&Ai6 WD ] Afid THESS&fwed broad

nder a nitrogen purge_ maintained

pedtd Mdicapid & gieeid|centeFhER @ Brepeliet )imi & 2059.0 (5),
stirred for hours and subsequent|y poured %

28722, 16146 ()1 1697 2x@0s 34949 (5), 1479.5 (s), 146 |.20¥\£)}/1435.1
(m), 1375.3 (w), 1338.7 (w), 1275.0 (m), 750.3 (s). Melting point (stage) 215°C.

Example 3. Synthesis of 1,2—bis(1—butylbenzimidazol-Z-yl)—1,1,2,2—
tetrafluoroethane (DiBu-(C,F,)-BBIM)

[0028] In a 250 mL 35/25 ball joint flask, 1,2-phenylenediamine (5.92 g, 54.7
mmol) was combined with tetrafluorosuccinic acid (5.2 g, 27.36 mmol). Poly-
phosphoric acid (83 g) was added directly to the solid mixture. The flask was
fitted with an air-driven mechanical stirring shaft and heated to 160°C under a
nitrogen purge maintained with a septum and needle. The molten mixture was
stirred for 7 hours and subsequently poured slowly into a large (1 L) excess of
cold water. A WaringTM blender was used to grind the solid product / water
slurry. The water was then neutralized to a pH of ~ 8 with ammonium
hydroxide. The brown particulate product, 1,2-bis(benzimidazol-2-yl)-1,1,2,2-
tetrafluoroethane, was isolated by filtration, dried in a vacunm oven, ground to a
fine powder with a mortar and pestle, and once again slurried in ca. 1 L water
which was then neutralized to pH 8 with ammonium hydroxide. The solid was

again collected by filtration and dried under diffusion pump vacuum at 110°C



cold water. A Waring(tm) blender was used to grind the

solid product / water slurry. The water was then
woewsoaspzed to a pH of ~ 8 with anmoni um hydrBXI/t82005/022550

The brown particulate product,

I, 2- bi s(benzi m dazol -2-yi)-1,1,2,2- tetrafl uoroethane

was isolated by filtration, Srledlnavacuumoven ’

ground to a fine powder vvit a nortar and pestle, and
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[0029] Subsequently, 1 .2-bis(benzimidazol-2-y1)-1,1 ,2,2-tetrafluoroethane
(4.02 g, 12.03 mmol) was degassed on a vacuum line in a 250 mL round-
bottomed flask and flushed with argon. Anhydrous, nitrogen-sparged DMSO
(135 mL) was cannulated into the flask, resulting in a purple solution.
Separately, a 500 mL three-necked flask equipped with a stirbar, addition funnel,
vacuum adapter, and a septum was assembled in the glove box. Sodium hydride
(powder, 1.15 g, 48.10 mmol) was added, and the flask was placed under argon
on a Schlenk line. Anhydrous DMSO (35 mL) was added via cannula to form a
slurry. The bis-benzimidazole solution was then cannulated into the addition
funnel and added dropwise to the sodium hydride slurry over a 30 minute period
at 0°C, giving a cloudy black solution. The reaction mixture was warmed to
room temperature over a 2 hour period and sparged iodobutane (8.86 g, 48.12
mmol) was added. The slurry was stirred overnight at room temperature and the
resultant clear amber, viscous solution was poured into 300 mL of deionized

water. The organic products were isolated by extraction with 3 x 200 mL of
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solution. Separately, a 500 nL three-necked fl ask
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period and sparged i odobutane (8.86 g, 48.12 mmol) was
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. . ;
H.dH L %{h@? O L G R - asgiened by
Dlﬁ[ﬁgut y f.63 0&y cgiwt) IAﬂI‘SN@dJ&L 28 AHH GEN), 135.40 (aryl C-N),

enzim dazol-2-yl)- 1,1, 2, 2-tetrafl uoroet hane
124k AN dEE2.H8 Canyd altd (zyol F21oh (eyhemdd GiN), 1ER84((&, ofgs, Jcr

- asméa‘é& f%%y’ix“ﬁp Sp(amyl m 1040, 452 (g EaRy 3247
(el sl gty 155 ot VAN fCrley v (g o
167527 IR &{ﬁr Dot Ao GRS 3035 ), (017, 29B5HE8), 2936
(s), 2874 (s), 2737 (w), 1939 (W), 1896 (W), 1861 (w), 1811 (w), 1771 (w), 1734
(w), 1682 (w), 1615 (m), 1588 (m), 1499 (s), 1487 (s), 1464 (sh), 1452 (vs),
1424 (s), 1373 (s), 1335 (s), 1283 (w), 1248 (s), 1227 (m), 1167 (vs), 1142 (vs),
1101 (vs), 1005 (m), 980 (w), 963 (w), 916 (s), 893 (s), 783 (m), 739 (vs), 669
(m), 598 (m), 548 (w), 440 (m). Elemental analysis calculated for Cy4HpeF4Ny:
C, 64.56; H, 5.87; F, 17.02; N, 12.55. Found: C, 64.32; H, 5.77; F, 16.93; N,
12.46. Melting point (stage): 112°C. FD-MS m/z (%): 446 (M, 100).

Example 4. Synthesis of [1,2-bis(1-butylbenzimidazol-2-yl)-1,1,2,2-
tetrafluoroethane]CrCls (DiBu-(C,F,)-BBIM)CrCls) (B)

[0030] THEF (5 mL) was added to DiBu-(C,F,)-BBIM (0.381 g, 0.053 mmol)
in an argon-flushed 250 mL round-bottomed flask. The ligand was only partially
soluble resulting in a slurry. CrC1;+(THF); (0.32 g, 0.853 mmol) in THF (10
mL) was édded to the slurry. The mixture was stirred overnight at room
temperature. Subsequently, methylene chloride (5 mL) was added and the



H, CH2CH3), 0.96 (tr, J =7.36, 6 H CH3). 13C( 1H NWR

(CDAl 3, assigned by DEPT): d 141.63 (aryl CN),
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to &GN, 112.84 (tr of tr, JCF = 253.4 and 34.4 Hz,

CF2), 110.39 (aryl m to G N, _ 45.27 (CH2N), 32.07

(CH2CH2N), 19.94 (CH2CH3), 13.46 (CH3). 19F NWR (CDC

gbs\zlstMCFOSOB) (n;j -107.52. IR (KBr pellet, cm1) :
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1956 MO SRS, 14502 D a2 65 WS Sl EadB 2 5y1330% )
1R ke RS BT 9R0, 1145051034 (5), 10455 (w), 10069
01@88?%? WQ%W Go&h (%Qs BbB2- (652067 BR),MA&Xs)3MélBng

was added to D Bu-(C 2F4)-BBI'M
pdiftt @8dgey 126°053 mol ) in an argon-flushed 250 ni
round- bottoned flask. The ligand was only partially
sol uble resulting in a slurry. &¢d 3-(THF)3 (0.32 g,
Eﬁ?]ﬁiﬂﬁe frro$ ynthesid BE 1(11bis(i-putydst-meteydbenzintidazal}-y)pentane
The mixture was stirred overnight at room tenperature,
(TsibsdetraiMeyBBAMIny | ene chloride (5 nl) was ggded and

fAIhIer gzlul/éi ?g pu: gl teh:ol ution \(/jvas stirred for 2 days.
[0031] Theqlgan\geprecursornbirs‘(Jﬂrorl\é?llyla-benzimidazolyl)methane was
first prepared in a procedure analogous to that given for 1,2-bis(benzimidazol-2-
y1)-1,1,2,2-tetrafluoroethane in Example 3. The reagents used were: 2,3-
diaminotoluene (15.26 g, 0.125 moles), malonic acid (6.53 g, 0.063 moles), and
polyphosphoric acid (40 g). Upon heating, the contents of the flask had the
viscosity of milk and turned a deep bluish purple color. The compound bis(4-
methyl-2-benzimidazolyl)methane was isolated as a purple blue solid (1 1.35 g,
66% yield, C1;H;¢N4, FW = 276.32). '"H NMR (d¢-DMSO): 6 7.30(d, T =7.9
Hz, 2 H), 7.03 (tr, T = 7.6, 2 H), 6.94 (d, T = 7.2, 2 H) (aryl CH), 4.46 (s, 2 H,
CH,), 2.50 (s, theoretical 12 H, Me). 'H NMR (CDCl15): 8 7.30 (d, J = 8), 7.04 (t,
J=8), 6.94 (d, J = 8) (aryl), 4.48 (s, CHy), 2.49 (s, Me). 'H NMR (d;-DMF):
7.35(d, J=8.0,2 H), 7.05 (t, 1 =7.6, 2 H), 6.96 (d, J = 7.0, 2 H) (aryl), 4.59 (br
s, 2 H, CH,), 2.51 (s, 6 H, Me). >C{'H} NMR (ds-DMSO, assigned by DEPT):
§ 149.73 (C=N), 138.39, 138.01 (br, aryl C-N), 124.50 (aryl C-Me), 121.93,
121.58, 111.98 (aryl C-H), 29.35 (CH,), 16.80 (CHs). C{'H} NMR (CDCl;): 8
150.1 (C=N), 138.7, 138.4 124.8, 121.9, 121.6 112.3 (aryl carbons), 29.7



under vacuum and the solids were washed wth
di et hyl ether and hexane and dried under vacuum at room
wa egoperature to give [, 2-bis(l-butyl benzi m darot/vg2005/022550
yl)-1,1,2,2-tetrafluoroethane]rd 3 as a |ight purple
solid (0.52 g, 60% C24H26F4ANACrCl 3, FW= 604.84). IR
(KBr pellet, cm1) : 3010 (gg 2890 (s), 1599.1 (s)
.1498.8 (s), 1487.2 (s), 5 (s), 1425.5 (s),
1373.4 (s), 1334.8 (s), 1248.0 (s), 1226.8 (m, 1167.0
(s), 1141.9 (s), 1103.4 (s), 1045.5 (w), 100§
brﬁ% 6(11{9) 1791@;&, ()w)pheﬁyBL‘mgS()W)IR @Pr pelf )Cm7@63%

3169 Ginetd 6p. 2918 . "RV (b, T 7, 2063 (5 TBOE B, 1829 (w),
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(mg p‘)47 @t s & W?BB Yin) "RAD &) e Blemehial ahalysis

in a oce uré anal ogous to that given for
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The reagents used were:
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st sear® NI byl darkehiage 146s 1650CaiMel int (DSC,
( 5Igél)p?(llt)épbl ue soli (116#35 g 66?@ yi el d, C17H16|t\]|4?g1?W-(

maXimudd) . 282CNbRdde- DMSO): d 7.30 (d, J = 7.9 Hz, 2

H) , 703(tr J—76 2 H, 6.94 (d, J = 7.2, 2H)

(aryl , 4.46 2 H, CH2), 2.50 ( or et
003311 Sullsdqniitiy, Likt Byl 2 iramidazolylimgihans (40g, 56.2
mmol) was reacted with NaH (3.47 g, 145 mmol) and iodobutane (12.4 mL, 20.1
g, 109 mmol) in anhydrous DMSO following a procedure analogous to the
procedure given for 1,2—bis(1—butylbenzimidazol-Z—yl)-1,1,2,2-tetraﬂuoroethane
in Example 3. Following extraction, the burgundy-black product mixture (14.04
g, 87%) was eluted in batches through a silica gel column using 90:10 CH.Cl,/
ethyl acetate. The collected product (R¢~ 0.7) was not completely separable
from impurities at R¢ ~ 0.25 - 0.30 and the solvent front, and was subsequently
eluted through a large neutral alumina column (J. T. Baker Type IB; 41 mm ID;
stationary phase height ~ 40 cm) using CH,C),. Following elution of a yellow
byproduct, the pure ligand was collected as a red oil (R¢ ~ 0.74, 6.00 g, 37%) and
dried at 60 °C under high vacuum (CyoHyoNy, FW = 444.65). 'H NMR (CDC15):
§7.12 - 7.01 (m, 6H, aryl), 4.90 (t, J = 7.8 Hz, 1 H, backbone CH),4.16 (m, 4
H, butyl CH,N), 2.68 (s, 6 H, aryl CHs), 2.57 (br apparent q,J = 7.7 Hz, 2 H,
backbone butyl CH,CH), 1.45 - 1.43 (m, 4 H), 1.20 - 1.15 (m, 4 H), 1.04 - 0.95
(br m, 4 H) (butyl CHy), 0.90 (t,J = 7.0 Hz, 3 H, backbone butyl CHs), 0.61 (t,J
7.3 Hz, 6 H, N-butyl CHs). *C{*H} NMR (CDCl3, assigned by DEPT): &
151.23 (C=N), 141.76 and 135.23 (aryl C-N), 129.58 (aryl C-Me), 122.23,



=8), 6.94 (d, J =8) (aryl), 4.48 (s, CH2), 2.49

(s, Me). 1U NWR (d7-DMF): 7.35 (d, J =8.0, 2 H, 7.05
W@ 2g06@812327. 6, 2 H), 6.96 (d, J = 7.0, 2 H) (arptih/ps205@2550

(br s, 2 H CH2), 2.51 (s, 6 H M). 13C( 1H NMR
(dg- DMBO, assigned by DEPT): d 149.73 (C=N), 138. 39,
138.01 (br, aryl CN), 124._?@_(aryl C Me), 121.93,
121.58, 111.98 (aryl CGH), 29.35 (CH2), 16.80 (CH3).
13C( 1) NWR (CDA 3) : d 150.1 (C=N), 138.7, 138.4
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czgmomfé 79 3de $RPUREN bY2.80r IFenhdgC, 18:34; H] 6903; Nvel 244 d-D-
maxi mm): 2820C (broad). [0032]

Mswb’sé%l)emm MM bi8Q}- et hyl - 2- benzi mi dazol yl ) met hane
(10.0 g, 36.2 mml) was reacted with NaH (3. 47 g, 145
mmol ) and i odobutane (12.4 nL, 20.1 109 .l

Eyf)urmpké(rjﬁ:u§ymsfmﬂ [Tolvbitg 1 dusylotaerthyl ﬁﬂ@%&é%%l' o the

ocedur e_gi yer

Yl)PeQmBPQqCIB&%/ﬁPn%ET‘fgﬂ HMeBBINGC (€ ot et raf | uor oe

thane in Exanple 3. Follow ng extraction, the
[08:%]9 N nfll){ls k%lllgt(e:{'(la %v%g lIJ)(r:éparrﬁed( %olﬁo%vi%y& I?r%cedure analogous to
example 4. The reagents used were TriBu-4,4-diMe-BBIM (0.561g, 1.26 mmol,
soluble in THF) and CrC1;¢(THF); (0.473 g, 1.26 mmol). [1,1-Bis(1-butyl-4-
methylbenzimidazol-2-yl)pentane]CrC1; was isolated as a light purple solid
(0.45 g, 95 %, CooH,oN,CrCls, FW = 603.01). IR (KBr pellet, cm™): 1602.9 (s),
1531.6 (w), 1489.1(m), 1456.3 (m), 1043.6 (m), 1010.8 (s), 920.1 (w), 862.2(s),
781.2 (w), 748.4 (w). Melting point (stage): 115°C.

Example 7. Polymerizations

[0034] 99.9% pure ethylene (Grade 4.5, 99.995%, BOC Gases) was used as
received. Methyl aluminoxane (30 wt % solution in toluene) was used as
received from Albemarle. Toluene used as a solvent was dried by passing
through purification columns of copper catalyst to remove oxygen and alumina
to remove moisture (Pangborn, A. B.; Giardello, M. A.; Grubbs, R. H.; Rosen,
R. K.; Timmers, F. J. Organometallics 1996, 15, 1518-1520). The polymer
products were characterized by 1.I-I, and >C NMR using a Varian INOVA 300
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El emental anal ysis cal cul ated for HAON4: Y/ 3:
e they Drreased 1o 1% spRgich fociiesgnapd h tgnpacatiye s dirum
waz% At the end of the reaction, excess ethylene was vented, and the reaction
was quenched with methanol. After cooling, the polymer was isolated by
precipitation into acidic methanol, followed by drying under vacuum.

Conditions and results are summarized in Table 1.
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Laboratories m xed bed Type B columms in

1,2,4-trichl orobenzene at 135C, using a Waters DR
wa@ledenise7 and a pol yet hyl ene cal i brati on curvePCT/088863/022550

Pol yneri zations were run in a 300 nL Parr(tm reactor

fitted with a mechanical stirrer. Catalyst was wei ghed

in a glass |liner under argopl&g the gl ove box; then,

75 nmL of solvent was added to' the catal yst. The

reactor was then seal ed and brought out of the glove

box and attached to the ethylene feed. The specified
ChAdM$: of methyl al umi noxane sol ution was added to the

reactor after dissolving ethylene in the solution at

at mospher ACcdihFSsbE reptB&niED$ tiefomtulihen i ncreased

to that specified for the run and the tenperature for

the run was set. Af3the end of Rthe reaction, excess

et hyl ene was ventefl, and the reacti on was quenched

r coohing, {he polymer was isol ated

NK\O 8 C i fol |l oned by
ndi tYyons anNd s are
Tabl elj1 | . RVerage 1
= Mv i M dunper - aver age

. 1/ A conpd represent ed
Ad R2 are independently

l: d branched al

1

to Cline ], C3 to C12

cycl oaRkyl, aryl, ClXo al koxy, F, d¥ sS®, G to
C12 perfluoroal kyl, and R(CH3)2, R3 is independently

sel ected fromthe group consisting of hydrogen, Cl to

whkére R! and R? are independently hydrogen, C; to Cy, linear and branched

, G

alkyl, Cs to C;, cycloalkyl, aryl, C; to Cy, alkoxy, F, Cl, SO;, C; to Cy2
perfluoroalkyl, and N(CHz),,

R? is independently selected from the group consisting of hydrogen, C; to Cy
linear or branched élkyl, C; to Cy; cycloalkyl, aryl, and 2,2,2-trifluoroethyl,

A is -C(R%)-, (CHy)y-, -(CHy),NH(CHy)x-, or -CY,CY -,
where R* is a hydrocarbyl, halosubstituted hydrocarbyl, or alkoxy group of from

1 to 12 carbon atoms, X is an integer from 1 to 12, and Y is halogen,

and

Xis halogen, triflate, acetate, trifluoroacetate, hydride, or tetrafluoroborate.

2. The composition of claim 1 wherein A is alkyl; R? is alkyl; and X

is chlorine.

3. The composition of claim 2 wherein R! and R? are hydrogen.

4. The composition of claim 2 wherein R' and R* are methyl.



| i near or branched alkyl, C3 to G 2 cycloal kyl, aryl,
and 2,2,2-trifluoroethyl, Ais -C(R4)-, -(CH2)X-,

WO ¢@@61a) 28NH( CH2) X-, or - CY2CY2-, where R4 is a PCT/US2005/022550
hydr ocar byl , hal osubstituted hydrocarbyl, or al koxy
group of from1l to 12 carbon atons, x is an integer
froml to 12, and Y is hal ogesn, and X i s hal ogen,
triflate, acetate, trifluoroacetate, hydride, or
tetrafl uoroborate. 2. The conposi tion of claim1l
wherein Ais alkyl; R3 is alk and X is chlorine. 3. .
The coftpofhe p@mp@su@nai»frﬁl@mﬂ% apd 4 WhergiAR adeealkyl and R

hy . 4. The conposition of claim2 wherein Rl and
lsﬁﬂ%‘?quget hyl .5. The conposition of claims 3 and 4

vvhereinAisaCSaIkyI andRisaC4aIkyI.6 The
conpositi of clai.m ereana be o

ro o bt e ChmpoRisBnnt BHER fulFTeR | S5 RY Sl HEdoHER R is
1@[9{ fﬁﬁ%rheﬁ éﬂﬁ&e&Q@‘%ﬁd Xriggfﬂ(ﬁ'h@ m 6 wher ei ” Ris a

A 'S - A catal yst conposition
corrprl sing the reaction product of: (a) a conpound

epr esentggl g\%mPBﬁtlﬁ)ﬁ lﬁm 6@hé‘@i et is‘éﬂg% F%yl and A is

co cat al yst e RL an are I n epen
-(ORGFegen, Cl to C 2 Ilnear and branched alkyl, C3 to C
2 cycloalkyl, aryl, Cl1 to Cl12 al koxy, F, d, S@3, Cil
to Cl2

8. A catalyst composition comprising the reaction product of:

(a) a compound represented by the formula:

o R,

and
(b) an activating co-catalyst

where R and R? are independently hydrogen, C; to C; linear and branched
alkyl, C; to Cy; cycloalkyl, aryl, C,; to C;, alkoxy, F, Cl, SOs, C; to Cy,
perfluoroalkyl, and N(CHs),,

R? is independently selected from the group consisting of hydrogen, C; to C;,
linear or branched alkyl, C; to C,, cycloalkyl, aryl, and 2,2,2-trifluoroethyl,

A is -CRY)-, (CHp)x-, -(CH,),NH(CHp)y-, or -CY,CYo-,



perfluoroal kyl, and N(CH3)2, R3 is independently

sel ected fromthe group consisting of hydrogen, Qto Q
wQ2d06n0eae7 or branched al kyl, C3 to Q 2 cycl oal kRg1/PS2005/022550

aryl, and 2,2,2-trifluoroethyl, Ais -C(R4) , -(CH2 ,

- (CH2) XNH(CH2) X-, or -CY2CY2-,where R4 is a

hydr ocar byl , haIosubstituteglgydrocarbyl, or al koxy

group of froml to 12 carbon atons, x is from1l to 12,

and Y is halogen, and X is halogen, triflate, acetate,

i féypr oagft ate, hydride, or tetrafluoroborate. 9.
w alsa hydrogahybdialosbsaruted hydroganinds @i alkoxe group of from

i ' | ' I f th
L G542 MBS Mol 3o 5 S By 9P
al kyl al unoxanes with one or nore trial kyl al um num or

arfc{i al kyl boron conpounds, and m xtures of
al kyl al unoxanes with al um num hal i des or boron halides

and an al kyl ating agent. 10. The catal yst conposition
X a$ halogem willgte raseiate trifluardegetathyidsidal &y tetrafiludrobarate.
chlorine. 11. The catal yst conposition of claim10
wherein Rl and R2 are hydrogen. 12. The catal yst
conpos Pt i ‘bhe sntatyshcomposifiearafiohim 8 avherein theactivating co-

. The catalyst conposition of claj 11 and 12,
cafgligstdr ROl HomdRE R e € Alkphumpganes, mixtures of
alkylalumoxanes with one or more trialkyl aluminum or trialkyl boron

compounds, and mixtures of alkylalumoxanes with aluminum halides or boron

halides and an alkylating agent.

10. The catalyst composition of claim 9 wherein A is alkyl; R® is

alkyl; and X is chlorine.

11. The catalyst composition of claim 10 wherein R' and R? are

hydrogen.

12. The catalyst composition of claim 10 wherein R! and R® are

methyl.

13. The catalyst composition of claims 11 and 12 wherein A is a Cs

alkyl and R? is a C, alkyl.

14. The catalyst composition of claim 9 wherein R' and R? are

hydrogen; R? is alkyl; A is perhalogenated alkyl; and X is chlorine.

15. The catalyst composition of claim 14 wherein R*is a C, alkyl and
A is -CF,CF,;-.



14. The catal yst conposition of claim9 wherein RL and
R2 are hydrogen; R3 is alkyl; A is perhal ogenated

wa@bkdogh123and X is chlorine. 15. The catal yst coP@DBER100D022550

of claim14 wherein R3is a C4 alkyl and Ais

- CF2CF2-.16. A nethod for polynerizing olefinic

nononers conpri sing contact éﬁg an ol efinic nononer or

nononer s under pol ymerizatién conditions with a

catal yst conposition conprising the reaction product

of: (a) a conpound represented by the fornmula: and (b)

an actliév aA innghod fompayyerizingokeliRic HPHOMETS £QMPIiSINg

i ndependent |y hydrogen, Cl to Clzci i near and _ branc t
coma¢<t;ng arcglefisil CRTPnEWRIT 9% TRYROmgESHndeppolygneEization, canditions

0 Cl erfl CH3) 2, R3
w1tp5a Malaﬁ%?ﬂ}gﬁ?ﬁlboggP rg?#] rooﬁl%gcgﬁ& sting of
hydrogen, Cl to Cl12 Ilnear or br anched alkyl, C3to

Cl12 cy oal kyl oroethyl, Ais
C(R4) "(O@X@d %r%&ﬁgﬁ%ﬂzﬁﬁ%f’ hhgréJ-CYZCYZ- wher e
R4 is a hydrocar bR, hal osubsw®,tuted hydrocar byI or
al koxy group of f oml to 12 darbon atons, x is an
integer from1 toll2, and Y ig hal ogen, andX|s

hal ogen, t g, ace | uoreqcet ate, hydride,
or tetros ~aDOr at 2
V\,he[ei i vati fig co

R

cl aim 16
and

(b) an activating co-catalyst

where R! and R? are independently hydrogen, C; to Cy; linear and branched
alkyl, Cs to Cy, cycloalkyl, aryl, C; to C;, alkoxy, F, Cl, SOs, C; to Cy,
perfluoroalkyl, and N(CHs),,

R? is independently selected from the group consisting of hydrogen, C; to Cy3
linear or branched alkyl, Cs to Cy, cycloalkyl, aryl, and 2,2, 2-trifluoroethyl,
A is -CR)-, (CHp)x-, -(CHp):NH(CHp)x-, or -CY,CY o,

where R* is a hydrocarbyl, halosubstituted hydrocarbyl, or alkoxy group of from

1 to 12 carbon atoms, X is an integer from 1 to 12, and Y is halogen,

and
X is halogen, triflate, acetate, trifluoroacetate, hydride, or tetrafluoroborate.

17. The method of claim 16 wherein the activating co-catalyst is

selected from the group consisting of alkylalumoxanes, mixtures of alkyl



selected fromthe group consisting of alkyl al unoxanes,

m xtures of al kyl al unoxanes with one or nore trial kyl
w@bkaaiomiet or trial kyl boron conpounds, and m XeC¥/ES200$/022550

al kyl al unoxanes wi th al um num hal i des or boron halides

and an al kyl ating agent. 18. The nmethod of claim 17

wherein Ais alkyl; R3 is alkyl; and X is chlorine.

19. The nmethod of claim 18 Wherein RL and R2 are

hydrogen. 20. The nethod of claim 18 wherein Rl and R2

are nmethyl. 21. The method of claim 19 and 20 wherein
alvdndsares Gatlabky br ande R3alkyl alugginanket triaployl bpsen geppeynds,

of claim17 wherein R and_,R_are hydragen; i s alkyl:
anniistses REABQEHHMATABFpID AR JegHropr Retoh 3idhand an
alkngy t hod%gé.‘nt.cl aim17 wherein R3is a C4 alkyl and Ais

18. The method of claim 17 wherein A is alkyl; R? is alkyl; and X is

chlorine.
19. The method of claim 18 wherein R' and R? are hydrogen.
20. The method of claim 18 wherein R’ and R? are methyl.

21. The method of claim 19 and 20 wherein A is a Cs alkyl and R%is
a C, alkyl.

22. The method of claim 17 wherein R' and R? are hydrogen; R?is
alkyl; A is perhalogenated alkyl; and X is chlorine.

23. The method of claim 17 wherein R? is a C4 alkyl and A is
-CF,CF,-.



