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BACKGROUND OF THE INVENTION

25 [0003] Ancillary (or spectator) ligand-metal coordination complexes (e.g.,
organometallic complexes) and compositions are useful as catalysts, additives,
stoichiometric reagents, monomers, solid-state precursors, therapeutic reagents and
drugs. Ancillary ligand-metal coordination complexes of this type can be prepared by
combining an ancillary ligand with a suitable metal compound or metal precursor in a

30  suitable solvent at a suitable temperature. The ancillary ligand contains functional
groups that bind to the metal center(s), remain associated with the metal center(s), and
therefore provide an opportunity to modify the steric, electronic and chemical properties
of the active metal center(s) of the complex.

[0004] Certain known ancillary ligand-metal complexes and compositions are catalysts

35  for reactions such as oxidation, reduction, hydrogenation, hydrosilylation,
hydrocyanation, hydroformylation, polymerization, carbonylation, isomerization,

metathesis, carbon-hydrogen activation, carbon-halogen activation, cross-coupling,
1



conpositions is in the field of polynerization catalysis. In connection
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typlcally uses hydrogen to control the molecular weight and electron-donor compounds
to control the isotacticity. See also EP 0 622 380, EP 0 292 134 and U.S. Patents
4,971,936, 5,093,415, 4,297,465, 5,385,993 and 6,239,236.
| [0007] Given the extensive research activities with respect to metallocene catalysts, there
25  is continued interested in the next generation of non-cyclopentadienyl ligands for olefin
polymerization catalysts providing attractive alternatives. See, e.g., “The Search for
New-Generation Olefin Polymerization Catalysts: Life beyond Metallocenes”, Gibson, et
al., Angew. Chem. Int. Ed., 1999, vol. 38, pp. 428-447; Organometallics 1999, 18, pp.
3649-3670 and “Advances in Non-Metallocene Olefin polymerization Catalysts”,
30  Gibson, et al., Chem Rev. 2003, 103, 283-315. Recently, for isotactic polypropylene,
bis-amide catalysts have been disclosed in U.S. Patent 5,318,935 and amidinate catalysts
have been disclosed in WO 99/05186. See also U.S. Patent 6,214,939 for non-

metallocene isotactic polypropylene catalysts.
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20 SUMMARY OF THE INVENTION

[0010] This invention provides a resolution to these needs. This invention discloses
enhanced catalytic performances for olefin polymerization when certain ligands are
employed in a catalyst, where the ligands are dianionic chelating ligands that can occupy
25  up to four coordination sites of a metal atom and more specifically have a bridged-bis-bi-
aryl structure. In addition, some of the ligands, metal complexes and polymers disclosed
herein are themselves novel.
[0011] This invention discloses catalysts, compositions and complexes (including
activated complexes) based on certain bridged bis-bi-aromatic ancillary ligands. For
30  example, the compositions of this invention comprise a ligand and a metal precursor and
optionally an activator. In some embodiments, the ligands and the method of making the
ligands is also part of this invention.
[0012] The catalysts in some embodiments are compositions comprising the ligand and

metal precursor, and optionally may additionally include an activator, combination of
3 4



activators or activator package. For exanple, the netal -1igand conpl exes of
this invention can be characterized by the general formula: 5
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or the alpha-aolefin. [0015] Thus, it is an object of this invention to
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9 90 Sorditions. The poﬂlmerlzatlon process can be continuous, batch or semi-batch and can

be homogeneous, supported homogeneous or heterogeneous. Another aspect of this
invention relates to arrays of ligands, metal precursors and/or metal-ligand complexes.
These arrays are useful for the high speed or combinatorial materials science discovery
or optimization of the catalyst compositions or complexes disclosed herein.

25  [0014] In particular, a method of producing isotactic polypropylene in a solution process
is disclosed and is surprisingly tunable based on the polymerization conditions,
activators and substituents on the catalyst. Other polymerization processes that are
tunable based on the same criteria are the copolymerization of ethylene and styrene (or
substituted styrene) and ethylene and other alpha-olefins with high incorporation of

30  styrene or the alpha-olefin.

[0015] Thus, it is an object of this invention to polymerize olefins and unsaturated
monomers using metal-ligand complexes. It is also an object of this invention to

polymerize olefins and unsaturated monomers using compositions including certain



metal conplexes. [0016] It is still a further object of this invention to
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(e.g. Ri1, RS upgBTevEgy obithis sRsc R | pe substituted alkyls or R and R2
may be;@ substituted alkyl and R3 maybe an aryl, etc.). Use of the 25

si ngul ar includes use of the plural and vice versa (e.g., a hexane solvent,
i ncludes hexanes). A naBRIER RECRIPGION QEAGEBRDRAWENVESt he structure that
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that the description includes instances where 5 WD 03/091262
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does not. For exanpl e, H#a11 ED DESCRIPTION OF THE INVENTION

20  [0021] As used herein, the phrase “characterized by the formula” is not intended to be
limiting and is used in the same way that “comprising” is commonly used. The term
“independently selected” is used herein to indicate that the R groups, e.g., R R%L R3 RY
and R’ can be identical or different (e.g. R}, R%, R®, R*, and R® may all be substituted
alkyls or R' and R® may be a substituted alkyl and R> may be an aryl, etc.). Use of the

25  singular includes use of the plural and vice versa (e.g., a hexane solvent, includes
hexanes). A named R group will generally have the structure that is recognized in the art
as corresponding to R groups having that name. The terms “compound” and “complex”
are generally used interchangeably in this specification, but those of skill in the art may
recognize certain compounds as complexes and vice versa. For the purposes of

30  illustration, representative certain groups are defined herein. These definitions are
intended to supplement and illustrate, not preclude, the definitions known to those of
skill in the art.

[0022] “Optional” or “optionally” means that the subsequently described event or

circumstance may or may not occur, and that the description includes instances where
5



phrase "optionally substituted hydrocarbyl"™ means that a hydrocarbyl noiety
may or may not be substituted and that the description includes both
unsubstitWO@d/Omd:rocar byI and hydrocarbyl where there isPsxhs03/12811i on. 5
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sat ur at ed @g%&ﬁao 5&9& tcw‘!n%glgl. %@ﬁh"% %?ﬁn 0tes ﬁgc é%%r(él Otg\nt ai ni ng

1 to about Carbon Popyl ,

n-butyl, i phiusé ycbpuomawwdsumm Wdrochesyt mea@tﬁattﬂ@ydmdﬁ@oylmlwlrﬁaya&

cycloalkyl grou suych as_cycl opentyl, cycl ohexyl and the ke. "Cenerally,
al t hough ad&y ,;poﬁﬁ@ sypstigdedgd tyat the qucngﬁi@umlwde? koth unﬂgbsa@mdetmdr@arhyl about
12 10 carb i ntends an al kyl group of one to
si x car bon%gc%()%%arbglgglla%rﬂl{éh S%%srem@ our carbon atons. "Substituted

al kyl " § ef 1023} dhaltdey “adlohs hd msfttiéidrem telfiers en@banclied & uRbRathddsafratdd OUPS
(e.q. , benﬁ%!if or_ chl or onet.h Q gl]lt he ternmg "heteroatom containing

al kyl " and YHfeuPeR FIQPP-tyRigs! al{h@u WlneF??S%WVGHm&%mIP&bEQ abowe 50 gztbpdn at om

is replace t Ny, , %m

het er oal kyIGt)oms[ %1%431?%%_@%3@6‘%%11 -gﬁ}%l 1f0‘p useléﬂyﬁer el aﬂ?ﬂtﬁs {tgﬁdécg'rl ‘anched

or unbr anc hedthe ﬂl}tdr souelbancyghoalify! g;qmnps: sidhyas a;bftlbpmgynl, opdlolexgbasiahe Lije.

cont ai ni ng 0 carbon ato st one doubl e bond, such
R A 5 A0d &6

as et henyl, eﬂerﬁp%ﬁitﬁ?\lg FREELPY FrsHean L%@l’ @ﬁ?/‘?ps ereglg)g@ygﬁg;qam btarabeyt 12

decenylyg aﬁﬁbbﬂﬂ@toh‘lsk The @RALTBIvEY alk FP OB hnagRH &Ratoﬂﬁlg‘%é i%%rc'a}b\én a

al kenyl groups_herein contain 2 to about 12 car at ons. e term "1 oner
al kenyl " precHisgBy ane &t foangarben atomsof ‘Sehstituted slkxl”a’aﬁetsdn alltyb sshstiapativithcal | y

two to fou nE& g&suggtﬂggﬁtlgéo%gog 'yg': t ed alcga‘lf%léﬁagth fer(fﬂlg?? al kenyl

substltute vvlt one or

" het er oat offhet@rbitaiiédigainink QU™ arﬁﬁdwte?&dll@ﬂﬁ?éf&etﬂléﬂkyl e wRIchta® leaﬁI degny! in
whi ch at | east one car bon atomis replaced with a heteroatom 25 [0025] The

term " al kyfafpon glem s seplacedavith ¢ betetogionb(ea. bHiEhOKEH: isen examplnofied
hydr oczg boHethoQH&@r typically although not necessarily containing 2 to about
50 carbon atons“dnd at |east one triple bond, such as ethynyl, n-propynyl,

i sopr opy ny[0924] B¢ yemyl “alkehgiSas uysthherein eétimyd a b@@ﬁ:h&y bz uribaghchbe | i ke.
General ly, t hough agai n . n cessarily, alkynyl groups herein nay have

ST B bout hioRabdhsrons SRy i ho ot PesAsFarily Rygmingblor sbpBiscaaboml kyny|

r ou of t r fl r at ons.
FOUP, Pt M S PR 12 S R o T Ao .

subst i t uenisobujemilpasterghalettryl tandrise li]ktet(_émedlbimhhnmtghlagalﬁgloahé@)émhly, a_n d
repl actl viFHL BRSPS B AT oA earn ekkope H6n (086" RBFRI | nt ends
an al kyl  gin@hds BE HIKEnJINErOMOSE ot RB! @rbonbitoms, specifically two to four carbon

atoms. “Substituted alkenyl” refers to alkenyl substituted with one or more substituent

groups, and the terms “heteroatom-containing alkenyl” and “heteroalkenyl” refer to

alkenyl in which at least one carbon atom is replaced with a heteroatom.

25 [0025] The term “alkynyl” as used herein refers to a branched or unbranched
hydrocarbon group typically although not necessarily containing 2 to about 50 carbon
atoms and at least one triple bond, such as ethynyl, n-propynyl, isopropynyl, n-butynyl,
isobutynyl, octynyl, decynyl, and the like. Generally, although again not necessarily,
alkynyl groups herein may have 2 to about 12 carbon atoms. The term “lower alkynyl”

30  intends an alkynyl group of two to six carbon atoms, specifically three or four carbon
atoms. “Substituted alkynyl” refers to alkynyl substituted with one or more substituent
groups, and the terms “heteroatom-containing alkynyl” and “heteroalkynyl” refer to
alkynyl in which at least one carbon atom is replaced with a heteroatom.

[0026] The term “alkoxy” as used herein intends an alkyl group bound through a single,
6



WO 03/ 091262 PCT/US03/ 12811 term nal ether |inkage; that is, an "al koxy"
group may be represented as -0-al kyl where alkyl is as defined above. A
"l ower alwoxg/09gsDUup i ntends an al koxy group havi ng one tPO*TEIiSB:;/lmre
specifically one to four, carbon atons. The term "aryl oxy is used in a

I f ashi def] ned I T t t
"0 5 [ oo LNk sy, BrRp s Tpeteel & 1 i LRBSean
al kyl groupphypidnd deﬁﬁgdmk}e AASHRGESIK ISP %&dﬁ%‘ 1nfeH!ié)§ﬁ ARbxy %&gﬁgam; bat is,

an "al kylthi 0" group nmay be represent as -S-al kyl wher S as
def i ned abtvex, morelsperficallykyde to fivw:, cagbmq;toms nibetismdiardbky is ibddangr oup

haV|ng oneto Si.X. . nor e, speci f.i aII one ofou car.bo to The term
"aryl t hi o" Sidlap fashion; Wftpfl%ﬁ t}a% E@ ngﬁ%? %h_gﬁer_m 10
"thioxys rplgfs Siﬂlﬂ@*th&t@ﬁl@%lkﬁ'ﬂﬁo’? stﬁged%lefeﬁ[%'tend‘s n HH@ﬂgfbﬂR%bﬁnd n the
conventional sense to refer to nmol ecul ar segrrent havi n e structure

- CH=C=CH2. thapugha singlg) tengm@uplq‘?ﬁy:r bekagesihebisi amfaéldylthm” ggb;smamh@ed with one

or nore no dr.o en uen [.00 e term used herein,
and unl essp%’f%? Irlt\‘?vl §&" U@XW g4 I?yéf‘se se?ge%%ovg ér(} '@kgaﬁ]é) it U&nt
cont ai ni ngineris A |aﬁ<yaﬂﬁ6gfdu Havihg 0B tovsik] inplesspatifio@tly Ene/tb T8, £41Bén ar e
fused together, |inked covalently, or linked to a_common group such as a

met hyl ene WmSeThﬁlﬁeéfﬁe appibe’yis uWrSémkl?)@c iMfitheargk p defined, pelowo iibgiterbne
aromat g ri ree fused or |linked aromatic rings, e.g.,
phenyl &nap@h(y ét‘éﬁﬁﬁenw ant hracenyl, phenanthrenyl, and the like. In
parti cul ar [o028]0 Thertmins allail? issusbd hereineintike draiwentloriabsenbotil refez@o 2 @dlevatdpon

atons, typically 1 .to _about 50 n_atons, and specifically 1 to about 20
carbon at Oﬁegmenéh%\g{lg ‘fll?tSélHC%lF%/r'Ca (f?égébté%ﬁll%}’}l 21RBP 8y begsehstifitted wit h
one or Nor g g3 %édt\k'ﬁ%n&&qi‘l%’noﬁ%o ch QhddhimeiRSi ty!l and perfluorophenyl)
and the terns "heteroatom contalni fr and "heteroaryl" refer to aryl

i n which atoomja?hetnnm‘taaylbamuaﬂdmalm andeplea&ﬁﬂemlsmspacilﬁed,e]eﬁm toranm (e. g.
rings such as ene r.i di ne, isoxa ol e, yrrol e, furan,
ot 0" of bonBpaFeRtF AR s iaing SHE SR g ingl eoh s etma s Tk

"het eroar yfskd td th%P qﬁk@@@&@léfﬁl{?t Sr 108 'tJ‘a Mo -grbips R 28 b 'nﬁhﬁél?e or
substituents an such an embodi nent the nulti-ring noiety can be

at t ached at:thahnapmt@w iMozs spe@ifre afsdgroupx apiphia, ont pegmtinring ardwole thiremapht hyl

o- ant hr acenrd ol RERR v ERDe- BhanTlnhBsE Banend AbaRERT ™

2- phenant hpkdihthredryd hﬁaaﬁellilfeermlpartféurabem@aalh{emyhry@éub%uﬁﬁéﬁmawu eBout
[0030] The term"aralkyl" refers to an alkyl group with an ary

subst i 2uen200 eagrhon pemselypicallnl 40 RIWé Al carben étqmss @n%wealﬁ@ylhehéo gqu BOwi th an
aryl subst !férp&patt)mtshegﬁlﬁt%mt?@ iyl)ék s to %fa%glsm&% ﬂhb@lﬁ%{ed%laygnet &%orgas an

al kyl substituent ary ers
substituent groups, (e.g., tolyl, mesityl and perfluorophenyl) and the terms “heteroatom-

containing aryl” and “heteroaryl” refer to aryl in which at least one carbon atom is
replaced with a heteroatom (e.g., rings such as thiophene, pyridine, isoxazole, pyrazole,

25  pyrrole, furan, etc. or benzo-fused analogues of these rings are included in the term
“heteroaryl”). In some embodiments herein, multi-ring moieties are substituents and in
such an embodiment the multi-ring moiety can be attached at an appropriate atom. For
example, "naphthyl" can be 1-naphthyl or 2-naphthyl; "anthracenyl" can be 1-
anthracenyl, 2-anthracenyl or 9-anthracenyl; and "phenanthrenyl" can be 1-

30  phenanthrenyl, 2-phenanthrenyl, 3-phenanthrenyl, 4-phenanthrenyl or 9-phenanthrenyl.
[0030] The term “aralkyl” refers to an alkyl group with an aryl substituent, and the term
“aralkylene” refers to an alkylene group with an aryl substituent; the term “alkaryl”
refers to.an aryl group that has an alkyl substituent, and the term “alkarylene” refers to an

arylene group with an alkyl substituent.
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[ 0031] The terns "hal 0" and "hal ogen" are used in the conventional sense to

ref er to WO 0&1091261), brom), fl uoro or i odo substi tuent. Th(PCtrﬂrsnmzsll
"hal oal kyl ," "hal oal kenyl" or "hal oal kynyl" (or "hal ogenated al kyl,

3 d alk
oot S 5B s o RN T ont S0 B30 "

hydr ogen athisgo, |b|nort1h efhgiro uplohasumﬁmnt efph@feﬁds Whdldhlylrainamakeayogy [ 0032]
The ter m' ﬁt er1 mcont aining’ as in a "heteroatom containing hydrocar byl
e O

group” ref ’r’réﬂ edglogenstedalkd iihalogenatethelkenyilys onfihalngawatedaikymytd
b 0 trogen,
oxygen, _sulpor o ShaRfaRGaY by BRI aSRRr o8 S ofthe

"het er oal kjiydroged epmstin ttergraikids tﬁa]bsdplatcaé :mtlthtﬂwlc]zgeﬁ ai?n |

h t refers to a cyclic
Cubet £ ueniO0RAL b L el ot A oS S0 o DNErpEPoNBERRERNPRbYf er s 10
an ar y| Subsdul Pt’ weTBls tb Q@ﬁolécﬁﬂe &%@fe@ﬁ%%%&ﬁ&{t% W 011[@%9 %ﬁdilé‘ c&béf atollg0 the

term "het eroat om cont ai ni ng" appears for to

pr
het er oat onfaptasediwiihrap ajeropisr tlnanhqasbanne 0 dﬁﬁbgbh,aD(ygm SUH’m?‘phmphyrus{ Ic<) Fver y
nb f 1hat ha t.he eteroato nt.ai ni ng_al ky
o Kenyl 15080 RrlidRy: ShlerlsdthsaSn RGP K TeEr R b AIOA U Bl dahieng
al kyl , 1het RéoRhMR-6ONLRIY, (1 tedh kleéﬂéfbc;aaﬁé” P&E@&@%%ﬁ&ﬁ%ﬁh&ﬂt%@ kynyl .
[ 0033] Hydrocar byl " refers to hydrocarb yl radicals containing 1 to about
50 car bon %t?l@ﬁ@m@%élimnge‘dﬂt?ml heteratrylitrefess toeantmml substitaentriine tis

f I 6 nc I n branched Qr unbranched,
coturat od erbalh Bt iR redRe Mo LR, HolsB L st GRPTS: oLps,

aryl groupgrioraod lishef possidle HdierobioftontAMBE ghyihs O & iBdhded MhaBME Sernfa 30D uy
hydr ocar byl group of one to six carbon atons, speC|f|caI ly one to r

car bon at O‘Wsevery WeBbeT of thaiceronr r sk ks e phrase & heterostany-dentamitgalk gy kenyl ut ed
with one o i b er ns tomcontal ni ng
hydr oo byl Ak B3 :b%lr‘#%&%?g‘? ﬁ"%ter&ﬂﬁg ikt %?%XQ?‘S%P% fiapping

| east one a:lkeﬂ;cbrandheﬂ&maﬁom—eplhtanmgadkyﬂyla het eroat om 25 [0034] By

"substituted! titute dr ocar byl substituted aryl
iﬂbit i tut@ga?’] flivﬁ}“afg % FSttat %5W¥h5?ﬂlcaf§ﬁen&aﬁéngiﬁfeab%@&parbq@d toin

sone of thgok Osrp%Bi%@El'lf D ?djabo%? b @éﬁoiﬂ? Qt%mst ﬁle ?P@%ﬁé{lgﬁ 1 go?aqogg lst? é’%ﬁgﬁz ar byl

hydr ocar byl ene, "al kyl ,” al kenyl, aryl or o :
hydr ogen aatoms hinoiidingdranched bomtaswied $am1m1b<h01euﬂnsmutéaed)mc&l§ droh @s alkyl

| | | k
2y 110, bt leRel ot bR B umg B s Mg Tiers Howet kisrowmen imtendser m
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is intended that the termapply to every menber o
“Substituted hydrocarbyl” refers to hydrocarbyl substituted with one or more substituent

groups, and the terms “heteroatom-containing hydrocarbyl” and “heterohydrocarbyl”
refer to hydrocarbyl in which at least one carbon atom is replaced with a heteroatom.

25  [0034] By “substituted” as in “substituted hydrocarbyl,” “substituted aryl,” “substituted
alkyl,” “substituted alkenyl” and the like, as alluded to in some of the aforementioned
definitions, is meant that in the hydrocarbyl, hydrocarbylene, alkyl, alkenyl, aryl or other
moiety, at least one hydrogen atom bound to a carbon atom is replaced with one or more
substituents that are functional groups such as hydroxyl, alkoxy, alkylthio, phosphino,

30 amino, halo, silyl, and the like. When the term “substituted” appears prior to a list of
possible substituted groups, it is intended that the term apply to every member of that
group. That is, the phrase “substituted alkyl, alkenyl and alkynyl” is to be interpreted as
“substituted alkyl, substituted alkenyl and substituted alkynyl.” Similarly, “optionally

substituted alkyl, alkenyl and alkynyl” is to be interpreted as “optionally substituted
8



group. That is, the phrase "substituted al kyl, alkenyl and alkynyl" is to
be interpreted as "substituted al kyl, substituted al kenyl and substituted
al kynyl . "weiogiodasl v, "opti onally substituted al kyl, al kemgir/tsnsi1mikynyl "
is to be interpreted as "optionally substituted 8 WO 03/091262
PCT/ US03/ 12811 al k t| onal |y stjtuted alken Loptionally
substi t ut sy ‘P&%}WPPP{Y SL[bG nygaq;};@}g}?pallgguhsﬁmt%f/a}lé hydr ocar byl "

" di val ent Jﬁééﬁ! I?X/“dl%l&"i’tl”%@hl qlﬁélentng oc ?l”l "(healehtsalﬁﬁamdl\;aﬁb'i‘ﬁ afyP€and

hydr ocar b aryl or ot lety bonded at” two point$ to atons,
nmol ecul es the hhmusamemst thattthe hydzodaniey] edkigli anyl poothersmbietynig bondeal a tvvo poimtts . The

5 term"aronntic" sed inits ns |nc ding u t.ur that
s csaent it PRl 2L mies SatF b BORBhmRStH Hemiko VR RS, e
[ 0036] 5As tb&%?darbﬂaﬁb’”lstulgé‘d frSifssusli seide, incRided Qtuhhﬂm‘t@t@é%g&la'ﬂ?d' Ca'
where each of Z1, Z2, and Z3 is independent y selected fromthe group

consi st i ngieb:fcahwlracmsandtpbqobqnd&aﬂublyas gobed atinged al kyl, al kenyl, al kynyl :

ot o oat oM e AT e deBik iyt srbf Tefl B Wlﬂ%%g‘}e?‘!ﬂk%ﬁ%(ffa%ch of
silyl anCZZC&Eﬂ)Zhi@tlhdbﬂénddﬂﬁ&@élEctecﬂ ﬁ@ﬁﬂﬂle ?Eoz aﬂsﬂﬁ{ 2 fihyldtide bed @tldﬁ@ﬂ

refers to the -BzZ1Z2 group, where each is as defined above.

As used heubstituted alkyl@lenyh abapHi h@terqamp@nt@mmgﬁék@r kptgroatomroontainigger e
each of Z1 hi
15 refdrs atuglenghéétﬁ%aﬁ&ﬁ'cgﬁ@g%a&mT aryéac‘%%%?y IZ%[{S‘I% aﬁg&%taﬁéﬂﬂésﬂ gfs Pnlege

above. Themdebmbinatihs1herdof. used herein to refer to the group NZ1Z2, where
each of Z' and Z2 is as  defined abgve, The term %am ne" is used hpr n to

refer to tIATYroupsedipnermthe tel%h‘é?%y > agler tofiherBZ'Z) cxomp, yherescagl ofiar
above. | 0028L o BetidcBlaBbye AN Hhreid %ﬂeefeﬁnv@}dégﬁ,ﬁhmefmf@aq@ e ﬁeg%tpmze

bonds between at ons group as et hyl exyl
pyrrolidi rwhcreaatﬁdﬂfé a]ndlZé.ls Fhiefined aboveu dsatsod htrent, theetémn §phorsph1hé’ presence

of one or ubI e pl.e bon t ato rad rou
such a€ vifg?ﬂfs togf %g'gﬂupg%g %Zi 2’%11‘3?%%6 £0e1%h ’é&%nwas%@ Oé{ﬁd Ko,
[0039] O heg,;abog %¥é@ﬁér8ﬁ§o %&qo}ﬂ% Solip LNQIIZ‘U%Vhere &akch onl bl 1sta9

i sopropyl; "tBu" to refer to tertbuty to refer to neth
to refer tctcfmbd\ybqveaffdhe tent ¢ anshehs userd lpﬁremyb refel[1©0h@£rOﬁpe1\TZ|7and7$heLr¢lat are

suitable for. use;i scat sts .herein have several general, alternative
descri pti drgh o ?2 gg@“@%blfoqs%ﬁflef?q‘?é’ ®1i gands are di anionic, chel at i ng

l'i gands t[b@ésﬂ BN tefik HEMurdRedt GefbRUs 1R QF bt hdtripld BsndebefvaBL@meSM  The
| i gands can also be described as diaionic |ligands that, when chelated to a

met al 29t ortpdicak group suchas ethyheyelohexyl, pyrrolidinyl, and the like. The term
“unsaturated” refers to the presence of one or more double and triple bonds between

atoms of a radical group such as vinyl, acetylide, oxazolinyl, cyclohexenyl, acetyl and
the like.
[0039] Other abbreviations used herein include: "Pr" to refer to isopropyl; "Bu" to refer
25  to tertbutyl; "Me" to refer to methyl; "Et" to refer to ethyl; and “Ph” refers to phenyl.
[0040] The ligands that are suitable for use in the catalysts herein have several general,
alternative descriptions. In one embodiment, the ligands are dianionic, chelating ligands
that may occupy up to four coordination sites of a metal atom. The ligands can also be
described as diaionic ligands that, when chelated to a metal atom, form at least one or
30 two seven member metalocycles (counting the metal atom as one member of the seven
member ring). Also, in some embodiments, the ligands can be described as dianionic,
chelating ligands that use either oxygen or sulfur as binding atoms to the metal atom. In
still other embodiments, the ligands can be described as non-metallocene ligands that can

coordinate in an approximate C,-symmetcial complex with a metal atom. These
9



30 two seven nenber netal ocycles (counting the netal atom as one nenber of
the seven nmenber ring). Also, in sone enbodinents, the |igands can be
descri bedwassdymni oni c, chelating |igands that use eithercCorssgemsor sul fur
?fs bi gdl ng all;)orrvgI to the metal atom In still other enbodi nents, the
i gands can be described as non-netal |l ocene |igands that can coordinate in
gg/ gggrz g;bmpémgmwmb@/ fusechiogebriPreeraRich- a me'? al atom These 9 WO

03 . ' ; ely.
[0041]  Fof S8 5T Srahglf usIP R IR R it 2 RSB RDR el ¥
character Ifglﬁﬁvihg%éﬁtﬂal fbahilesi ng general formulas: ARY Y -AR AR Y Y' -AR
AR- X - X- AR / AMX ~ B3 (1) (1 _Wneg,t_a' each ligand has at |east two
hydr ogen aRiYs capabIYe'L}ﬁ r eno in %Rndi ng reaction with a netal atom
or netal precursor or'blase; AR lis an aromatic group that can be the sane
or di ffer MR rom t h&dhfher AR '5up whth, generally, each AR being
i ndependent | Q\gnge ed fromthe nsi sting of optionally substituted
aryl or 10 heteroaryl; B is a bridging group having fromone to 50 atons
(not ceunting hy@yogen atons); X a@d X are the sane or different and are

i nde dently sel d f h i sti
: Ngesgz,n © orestein caapchnABes FacBL T RUToRTa IR s Y R Bifghid
ydri de, e, : i | ; .
ri'@%g:it}gr:f gétg;‘agr)??@ étigl $ r detﬂlﬂ}iéédridl' E@%J&Yﬂﬁ&lﬁ ah RdmatieadreliphbOdEn

cont ai ni ng / , boryl, alkoxy, aryloxy and conbi nations
t her eof ; b¥'thasuheld differeat fromiike sthampABrgretpsivethe senaplty, speh ARPSEENdent | y

selected fromthe graou nsi stin of .optional.l J i

phosphi no,™ 8?‘??)?{}? S%F%Sg%oma B3P, COPRIPTRRE Ot ¢ tll?é?lﬁﬁél?%gﬁtgﬂr}égeagﬁ%ﬂ Riob; Y and
Yare tjje SRRyl @ it herRphancu A ind HeRondenst itoss!(aet @dnfiighydrégen gr oup
consi sting of opfionally substituted am no, phosphino, hydr?xy, al koxy,

gr y lj oxy, atcrmsm(_,anemﬁyxrq#hb@aramr different pras argiderendeniRselediash ol he BEWP: o t he
ridge is an _.optigna 20 ~subss ot ubeeh aryl b t
of the ar d:i‘?_ﬁflf‘t&gr‘%??&yg%hé%éi“f ?ilf& qufc'jfe)ﬁ GeTider 158 %ﬁ%ggﬁ?&gﬁaéoﬁﬁgr e that
the bri dgeohsistig dfatydgide gaelitly, aat bptbedlytsobdtiveted hpdratarbyl, hetagafohor mul a | 1)

or is attached to the aromatic ring1 Vi a tqe X apd/qr, X graqu (ff ula ).

L 0842] | n dostaminghydraprrbylosibih keryl alkpxy,jagy %Sqmil%%n IH%HO%P(F)F&E‘?Q t‘agir A9 east 2
ydrogen a0 S i at i i r i

removed i e Be R R e e B e A B o sor
or base. |df cpeioRalBrsvbstitord amingmhosphim, bydroxyp alkoxy, aryloxy, thioxy, alkylthio

and arylthio; Y and Y" are the same or different and are independently selected from the

group consisting of optionally substituted amino, phosphino, hydroxy, alkoxy, aryloxy,
thioxy, alkylthio and arylthio; when the AR group attached to the bridge is an optionally

20  substituted heteroaryl, X and/or X' can be part of the aromatic ring. The difference
between formulas I and II are that the bridge is either directly attached to the aromatic
ring (formula II) or is attached to the aromatic ring via the X and/or X' group (formula I).
[0042] In formula I and formula IT, it is required that there be at least 2 hydrogen atoms
associated with each ligand that are capable of being removed in a complexation reaction

25  with a metal atom or metal precursor or base. In some embodiments, prior to such a
complexation reaction, a base may be reacted with the ligand to form a salt, the product
of which may then be reacted with a metal precursor (as described herein). In some
embodiments at least two of X, X°, Y and Y’ or at least two of X, X”**, Y and Y’ have
at least one hydrogen atom. In soine embodiments, R*° is selected from the group

30  consisting of hydride and optionally substituted alkyl, alkenyl, alkynyl, heteroalkyl,
heteroalkenyl, heteroalkynyl, aryl, heteroaryl, alkoxyl, aryloxyl, silyl, boryl, phosphino,

10



conpl exati on reaction, a base may be reacted with the ligand to forma
salt, the product of which nmay then be reacted with a netal precursor (as
descri bedwbased12p2 In some enbodi nents at | east two of XPCXUso¥izmmd Y' or
at least two of X' "', Y and Y' have at Ieast one hydrogen atom In sone
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In other embodinents, ~at |'east one upper aromatic ring Is a heteroaronatic
and nore sﬁ&:ﬂs hlhcwmayomattmmﬁrma;re;speclﬁ&l}yex hetedoadi genps I nﬁlletleiﬂbdsdmreﬂtsy\her e
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Q is either carbagn_or silicon and eac 40 may be the same or different

from the obyfEpearkylchn pthsr crabedimeais, B ds selestadcien the gevp pensiftiog |9fc|ons i sting
t or
of hydri deoﬂﬂﬁaﬂﬁﬂtbﬂ%ﬁlgdté&’dﬁﬁgﬁﬁtd%]%ﬁt ARy gd'ngtsa% ?%{eroa?l%gvlile%%% LRARALY v 0

nmore R40 groups ol ne o arrn ure

atoms in theemoaltgnyf anyhﬂ:ﬂteﬁoa(rylmdcsﬁsﬂntm@gllhweglbﬁd1aieﬁf§§}3 caAbd z' is an
cal | froml 5 and even nore

e o2 h0ul0 o Rl G RLLY, TS e e e )
there is ngi Bl QUPR‘CHEPEE MeQImol Riffdrent Wit theWhVSuchhat each R* is
selected from the group consisting of hydride and optionally substituted hydrocarbyl, and
optionally two or more R* groups may be joined into a ring structure having from 3 to
50 atoms in the ring structure (not counting hydrogen atoms); and z’ is an integer from 1
25 to 10, more specifically from 1-5 and even more specifically from 2-5 and z”’ is 0, 1 or 2.
For example, when z” is 2, there is no R*® groups associated with Q”, which allows for
those cases where one Q” is multiply bonded to a second Q”. In more specific
embodiments, R* is selected from the group consisting of hydride, halide, and optionally
substituted alkyl, alkenyl, alkynyl, heteroalkyl, heteroalkenyl, heteroalkynyl, aryl,
30  heteroaryl, alkoxyl, aryloxyl, silyl, boryl, phosphino, amino, thioxy, alkylthio, arylthio,
and combinations thereof. Specific B groups within these embodiments include
—~(CHa)>—~, (CHz)3—, «(CH2)4—, and ~(CH,)—~(CsHs)—(CHz)—. Other specific bridging
moieties are set forth in the example ligands and complexes herein.

[0045] In other embodiments, the ligands can be characterized by the general formula:
11



those cases where one Q' is nultiply bonded to a second Q. In nore

specific

enbodi nents, R40 is selected fromthe group consisting of

hydri de, Wwealosdei2eand optional ly substituted al kyl, al kenpCT/tsbkyasyl |

het er oal kyl , het eroal kenyl, heteroal kynyl, aryl, 30 heteroaryl, al koxyl,

aryl oxyl, silyl, boryI phosphi no, amino, thioxy, alkylthio, arylthio, and
conbrnatrons théteof Specrfrc B grpups wthin these enbodi nents include
-(CH2) 2-, j§CH2)4-qﬁﬁnd - [ CH2) 1 (sC6H4) - (CH2) -. Ot her specific

bri dgi ng 6 set fort exanple Irgands and conpl exes
herein. [0045 8F enbods tlhe ligands can be characterized by

t he general 11 WO 03/ CT/ US03/ 12811 R3 13 4 R2 R12 R14 Y
R5 R R15 1 R17RR8 R18 (I111) wherein each of Rl

R18 R19 D -JQndependeN? &'ed from t he group consrstrng of
hydri de, halrue, . gpti o stli tuted hydrocar byl ,

het er oat om comtai g, hydrocar XM, 5 aryl oxy, sinI, boryl ,
phosphi no, &ni noy Roxy, i lthio, nitro, and comnbinations
thereof; optionglsly two or nore R g @ups caQI onbi ne together into ring
structures (for exanple, single ring or le ring structures)

such ring \sltdrettateﬂdsteszh&?; Ry Ry RINKS, RG Kf.‘?_RaTI'ﬁ

h
TRERE BARERY, Rountr ng

hyd t B d h f
ount i ng %ﬁf}?;‘)sew S pdenedial et ot theigovs s ag ohbr B Bbue. The

counting
notation t1on3f ??tltéted' dfd&ﬁI%?ﬂ%@teif&tdtﬁ%ﬁmtaﬁﬁﬁg hftRocaablUdIkE8 be part
of the arorrat c ri ormn a heteroaryl) d/or Teplace one or nore of

threrb R gs(r]I omylo@{]sﬂgmyyl %Hmephmt),aimmu thioxyi dlleyline, cﬁgylﬂgo,gh‘@@rrﬁné (uBu) can be
conmbi ned with.either, or t t brid I

one or nor@migRationst Iﬁr@fogp&onaﬁiy ﬁ’ﬁ(éoﬁ rﬂaliegl{ §t°élgs g%ri, %og?lﬂg%%zg%tﬁ@r ol ncgpagc%
and/ or R19%chifed (RS8R arkplce SRAERI iR itk Singherublubelylivith gionuipg Birbonrest

conmbined with the -X and/or -X group, X and X' are defined as X' and X'',

above.

10

15

20

25

having from 3 to 12 atoms in the ring (not counting hydrogen atoms); B is a bridging
group having from one to 50 atoms (not counting hydrogen atoms); X and X' and Y and
Y' are as defined above. The notation —Y, —Y', =X and —X' is intended to mean that the
group can be part of the aromatic ring (forming a heteroaryl) and/or replace one or more
of the R groups (R' — R?). The notation for the bridging group B (UBU) can be
combined with either or both —X and —X' or the bridging group can replace one or more
of the R groups on the indictated structure (e.g., such as R’ and/or R"). In those
embodiments where the bridging group B is not combined with the —X and/or —-X' group,
X and X are defined as X and X’*’, above.

[0046] In more specific embodiments, each of RLRZ RS, R* R, RS, R7, RS, R?, R R
RZ R, R14, RY, RS, RY, R'®, RY, and R® s independently selected from the group
consisting of hydride, halide, and optionally substituted alkyl, heteroalkyl, aryl,
heteroaryl, alkoxyl, aryloxyl, silyl, boryl, phosphino, amino, thioxy, alkylthio, arylthio,
nitro, and combinations thereof. In even more specific embodiments, each of RLR? R,
R* RS, RS, R, R®, R, RI®, R\, R'2 R3, R RIS, R R R® RY, and R? is
independently selected from the group consisting of hydride, halide, and optionally
substituted alkyl, heteroalkyl, aryl, heteroaryl, alkoxyl, aryloxyl, silyl, amino, alkylthio
and arylthio. In some embodiments, at least one of R? and R' is not hydrogen and in

still other embodiments both R and R'? are not hydrogen.

12



[0046] In nore specific enbodi ments, each of Rl, R2, R3, R4, R5, R6, R7,
R8, R9, R10, R11, R12, R13, R14, R15, R16, R17, R18, R19, and R20 is

i ndependewOlog/osebrect ed fromthe group consisting of hydripde/Useslisde, and
optionally substituted al kyl, heteroal kyl, aryl, 20 heteroaryl, al koxyl,
aryloxyl, silyl, boryl, phosphino, amno, thioxy, alkylthio, arylthio,
nitro, ando®@hthmare epesi Q@n@ﬂ*meﬂltﬁotb?féﬁal‘rﬁﬁruée@é@c‘ ilﬁveélﬁﬁ’éﬁ?rﬂ]%%ts, each of
Rl, R2, R3 . : R8, R9, R10, R 1, R12, R13, R14, R15, R16,
R17, R18, cﬁgﬁégﬁ%@@ifgﬁﬁﬁependently selected fromthe group consisting
of hydride, haligde, and optionally R'ubstituted al kyl, heteroal kyl, aryl,

het er oar yl 'y azryl oxyl,,sily|, amnpo, alkylthio 25 and arylthio. In
sonme enbodk Reast o of R2and®R12 is not hydrogen and in still
ot her enbodi poth R2 and R1 not hydrogen. 12 WD 03/091262

PCT/ US03/ 1281] 047] In nore sg ¢ enbodi nents, the ligands useful in
thi s invengs char actefi ke formula: R3 R13 4 R2 R12 R14
RSYY Ris R Rl6 R7 RO R19 R17[ R8 R18 (1V) wherein R2, R3, R4, R5,

R6, R7, R8,r RR17, R18, and R 9 are as 5 defined

 AR12,x R13, Rl4, Rl

above, B is a3 def|ined abgve, 3 are as defined above, and Y and Y’

are as defi nvwwpr S4 tnat each of Y and Y' include

hydr ogen. [X048 n rbre specikf’’c efbodRments, the |igands useful in this

invention can bel, characterized by jhe form(ﬁr.\zx)‘:‘I RRRE AR RRAI | s RS
f I

YYR RER6E RARRO RO R7T RR8 (V'10 In a (V), the bridging group
has been rWﬂe‘areiB"KztR@fR"t, e’ﬁﬁ’ﬁ@iI@t’ Ré’skla’r;gw;tﬂ@lé’ p15§Ré;Rl7 Riﬁ;hﬁ]’(@saré@g/e been

2

made the same as éach other’ The’Y noieties agaln include
5  defined above, B is as defined above, X and X’ are as defined above, and Y and Y~ are as

defined above with the proviso that each of Y and Y~ include hydrogen.
[0048] In more specific embodiments, the ligands useful in this invention can be

characterized by the formula:

V)

10 Tn formula (V), the bridging group has been made part of the X moieties and the bis-aryl
moieties have been made the same as each other. The Y moieties again include
hydrogen. In addition, in formula (V), each of R% R®, R* R’, R% R”, R®and R’ is
independently selected from the group consisting of hydride, halide, and optionally
substituted alkyl, alkenyl, alkynyl, heteroalkyl, heteroalkenyl, heteroalkynyl, aryl,

15  heteroaryl, alkoxyl, aryloxyl, silyl, boryl, phosphino, amino, thioxy, alkylthio and
arylthio, nitro, and combinations thereof.

[0049] Specific ligands within the scope of this invention include:

13



hydrogen. In addition, in formula (V), each of R2, R3, R4, R5, R6, R7, R8
and RO is independently selected fromthe group consisting of hydride,

hal i de, awo0 ogfppizénal |y substituted al kyl,

al kenyl , al kynypCT/uses/esonl kyl ,

het er oal kenyl, heteroal kynyl, aryl, 15 heteroaryl, al koxyl, aryl oxyl,

silyl, boryl, phosphino, am no, thioxy, alkylthio and arylt
[ 0049] Specific ligands w tHR]

conbi nati ons t hereof.
i nvention incl ude: |

14

io, nitro, and
ge~of this

HO /~0O\ |
HO |

\' N



~[~Olz~z /| OOI/ ~I I~ LL56 LL57 15 WO 03/091262

\
PCT/US03/12811 \ | \ FFFFtHO OH HO pH OO O-LL7 LLB FFFF\ I \ OH

ZBe

HOvOw3/92x OH O\ | | / LL9 LL10 CF3 CF3 | CF3 FBCrYUSN3/128Y1 OH HO
/ 0o/ \' I OO\ LL11 LL12 ou/ / "N OHHOOH HO OO LLI3
6 WO 03/091262 PCT/US03/12811 N NNN OHHOOHHOOOO O LLI5S

LL52
e x L e x L
O O
F O O F MeO O O OMe
LL54 LL55

SR

LL56 LL57

15



NN\ OH N /
(?N- C H HO OH

/[ LL19 LL20 N (PN- N
OH HO LL23 \ | \ LL25

17 WO 03/W0126212PLT/ USO3 S/\ SecCr/usoyiBii\ S
LL26 LL27 "I "1 "I ~1 S~/\/~-S ~ 1 LL28
LL29 ~I ~I ~I ~I ' STL \  LL30 i LL31 OH HO

OHHO' \ I S S\
PCT/ US03/ 12811 ‘
LL34 LL35

| / LL36

‘ S~~s O /

16



I~ /1 j OH HO OH
H'-. OHHOH HO |
| ~ 1 \ IWOoos/o81262~ | \ OH HO OH HOH HY SIB\IS\ S 9s, PCCAB0y/12831 LL44

YOH HO OH HO pH HO S S LL45 LL46 LL47 /1 \ \ N/ \ N OHHOI / | / OHHO
S~"S/ / OS\I | | LL48 \ LL49 eilH I~/1 O/ CHHOH\ | | 5 LL50 LL51

HO OH HO S~S~S S~-S LL37 L LL38 I | LL39 I HH N\ NHI"
H HO LL40 LL41 | 19 WO 03/091262 PCT/US03/12811 \ | \

[ 0050] In sone enpovi choi ce of X R12 and B have a
strong influence yetion of ene in a

sol ution pr : ; OJ i gands mnthlnNt@, '

particul ari za i fanpl e: 26-LL32,
LL37-LL40, LLA . [ 005 t he size
and identity of -ots on the AR /0 1262

R2 and 1 gr oups; n influence
on the productren of ieﬁ ypr opykene in iL§QIut|on ocess,
allowing for a range o otactic pol ypropyl ene polyners to be prepared
Wi th desired propegties. J in such enbodiments, R2a R12 are bul ky

substituents .@~ f rom-t h oup consi sting of

o 0 9

99

OH
liln 0\\,//“\\\///

o~ LL22

o@ O & :{

LL21

*f' o o To

LL23

17



5 optionally substituted cycl oal kylaryl, aryl and heteroaryl. Mre
specifically, each R2 and/or Rl12 is independently selected fromthe group
consi st i nyoaB/ogs: onal | y substituted aryl and heteroaryl PCHses/1a8¢1 R2
and/ or R12 groups include carbozole, 3,5-bis-tert-butyl- phenyl,
1,2,3,4,5,6, 7, 8 octahydroant hacenyl, 1-naphthyl, 9-anthracenyl and 2,4,6
trilnethyl phenyl . )
particul ari zati on_#¢ LKy ) Qst i t uent ¢ D& Q 03/091262

PCT/ US03/ 12811 \ HO OH pl~ LL3
LL2 No\ NI N C LLS5 L H HOiI t O- O
LL6 LL7 fO HO\ 56 LL57 enbodi nents, the
size and identit S on t Nng (e.qg.,
AR- X and AR- X ), ) or R17 | uence on

t he production of isotactke/pol ypropyl ene i al I owi ng

for a range of isotactiqLEQ%ypropylene pol ymers t dLgy prepared with
desired properties. Thus, Tn such enbodi nents, R7 and R17 nay be

i ndependently sel ect ed » zZ 1P
substituted hydroc
or arylthio. Sim

5 G
%

LL33

18



22 WO 03/091262 PCT/ US03/12811 independently selected fromthe group
consisting of halo and optionally substituted hydrocarbyl, alkoxy,

aryl oxy, wpaBkyi262 or di aryl am no, al kyl- or arylthio. Spee@cfriuso3/iisgands
within the scope of this particularization include: NNNN / OH HO OH HO
/ OO0/ ~ 00~ OFF O LL21 LL52 FEIN/ 1 JOOHHOHOOI/ FF LL53
LL54 OH HO O OFM; f 3 i

conmpounds a F 5K i Nart W S ; to ide @:
conpounds fr S +y Lhese 4 gznds are
preferred for| t ¥ ms0] 23t | y |gacata '

conposi tion @ ' s ‘ ‘ ' Mﬁ :

di scussed s, LLB& |igands of the

i nvention may be pr EQ&” ed usi ngknown L38r ocedures. See, for exanple,
Advanced Organi m_s{ry, March, lI'ey, ew Yor k 3 WD 03/091
PCT/ US03/ 12811 pciffically) the Ii ds of the ention

that are thg bt Pe @ abrldgl rou ‘ aiations the R
group substitfuedtls car'i'obe mtrouc@tl in tW"Pe ynt heS| S &H the *Hﬁu di ng
bl ocks. 5 Varig e 10+ Z [

DS

Cr H:
SiivEhe

19



[ 0055] Specific ligands within the scope of this invention may be prepared
according to the general schenes shown bel ow, where buil di ng bl ocks

(desi gnatwo oBBY12ez e first prepared and then coupl ed t ogero@ruSoFmsie are
several different ways to use these building blocks. In one enbodi nent,
general ly, each of the optronally substrtuted phenyl 10 (ings.is prepared
as a separate by and b) and
optionally subs i ped igtg Tt
bl ocks (sc

9, and 10). Iy Bubl
bui | di ng bl of )
optionally e

bri dged bi - -
schenes to effect certain substrtutron on the pheny
(schenmes 15, 16, 17 and 18). In many of these schenes, cross coupling
reactions are used#lf® g., Suzuki, Nebtthi or Buchwal d- Hat¥ g cross
coupling). These cross coupling reactrons are generally known in the art;
for exanple, see Tetrahedron, 1998, 54(3/4), 263-303 and 20 J. Am Chem
Soc. 2001, 123( ‘ rR7-7729. Th- ants used in
t hese scheng 3 p i i
routine sy

BSI@H t echHPQUES usSe RN 3 I gh+oug t hat

l'igand synt

are used i } es n (J ot ecting
group", whi W ns @ ) @ D

i ncl udi ng, not nltei to: , 3r oted benzyl

(2- nmet hoxyphenyl % yl: MPM etc.), Bl4eoxynethyl (nethoxymeuhyl: MOM etc.),
tetrahydropyranyln? silyl (trimethylsilyl:TVS

tert-butyldinethylsilyl:TBS, etc.) and (Al
= | eavi ng group eophilic disp
but not i w brono, iodo
triflic (t mii uoronethyls onyl).

gat | of .
ring" is uge gggg§b§;9atl with the te%rtzgpgerﬁgr%pa ic ring", described
above. The m 24 03/109]262 PCT. 1 p henyI ring" is used
consistent'ywith the term”l ower a ticr bed above. [0057]

Schenme 1 a beIom1#é4% general building bl ock synthesrs schene, specifically

depicting the synthesis of Y-protected, 2-brono substituted, upper phenyl
ring building

LL50 LL51

LG = "l eavi ng group"
tions group including,
t ol uenesul fonyl) and
oepicts a bridging
erm upper phenyl

| yl

[0050] In some embodiments the choice of X, X’, Y, Y’, R%, R'? and B have a strong
influence on the production of isotactic polypropylene in a solution process. Specific

10  ligands within the scope of this particularization include for example: LL1-LL10, LL12-
LL23, LL.26-L1L32, LL37-LLA40, L1LA45-L1LA49 and LL52-LL57.

[0051] In some embodiments, the size and identity of the substituents on the AR-Y and
20 '



5 blocks: RRNH or R2-B(OR)2 R3 or R3B R4 Br R2-ZnX R4 R2 1) cl eavage of
PG R5 ( Y-PG appropriate R5 Y-PG 2) brom nation cross-coupling reaction
condi ti orwOR3/0M262 R4 R2 protection of -YH RA R2 R5 YH R5PYTRGB128Br BB( a)
Scheme | a [0058] As shown in Schenme 1 a, a protecting group (PG is used
to prepare the 1Kgproprlg:lte bui ],di ng bl ock (BB(a)). The ub,stl%uents on the
bui | di ng bAROK, such agsha B @!@V?frﬂéé 2P haspRANTuenrs pR ghe modoRor spiactic

[ I
Jubet 1t ut aRTERbATEhd 3ol fon 206 ebRinEMpEE rangB BE PO fo %ﬁ%’f’%ﬁﬁé fé
| i nked or ﬁotl(lﬁﬁ&s to @@pﬂr’]ep@rred&hﬂl stﬁS&pmpfnﬁlles n’@hmse&cmchmmbodnh:cldnlta)d 'aindy
[ 1 nown to those in e ound..in
gggsream %/éﬂe pelky P@F@é‘éents(ﬁﬂélaa "e’éé?l?eé‘ﬁellib’nﬁﬁietcf%ﬁgomq STRED ROTSIRE 8%t hose
of skilg ‘i Jogahﬁs@os gews g(rygdilﬁe atdSotdreaSx amk@a)ebﬁfcang callPRB9] As an

alter nat| v ener synt hesi's schene pr ot ect ed,
2-brono s udnsltar®Ri? sdndalqapdﬂntlgrsehyﬂedrﬁrongthblgrmm vogsisting kEoptRBaliyCubsti@ee 62

zgg g F???gg- %?%d\h';{gé\'a'}@f r%)reg%é:%%m qr g’oups 1ncfwc'le carjbozole F?S %1s>$e;|:§%utle2 Ru
phenyl, 1,2,3,4,5,6,7,8-octahydroanthacenyl, 1-naphthyl, 9-anthracenyl and 2,4,6-
trimethylphenyl. Specific ligands within the scope of this particularization for bulky

10  substituents include:

21



reaction conditions BB(a) Schene Ib In schenme |b, the variables are
defined as di scussed above. 5 [0060] Schene 2 below is a general schene for
t he synt hweiog/oef26X- pr ot ect ed 2-boronic ester substitut edPComso3/msenyl ring
bui | di ng bl ocks, X-protected 2-ZnCl substituted |ower-ring building

bl ocks, and X-deprotected 2-boronic acid substituted |ower ripg building
bl ocks: Br Br R~ R6 X-THRLn 6 B(OR)2 DHP \ 1INBuLi R X-THP” 30 R~ C Rs
cat. H+ R7 | Rs 2) B(CR)3 SIJRRRR$ R8 1) nBuL| 2) ZnCl2 BB(b) H+ MeOH
Zn d R6 X-THP B@%H2 R R8 10 [Bl c) Schene 2

I n schene > Nat abl es Led as ™ pjov e on the
phrase "cat. reflers dci g catalyzd a
hydr ogen ion,Ysuch as p- tol e fonic acid TsQﬁD or riic acid
(HC1), as is in 15 bel ow

is a general
03/ 091262 PC

5.4
° g 0 0

LLS LL4

O L O C
O
0\/\/0 o\/—\/o

LL56 LL57

[0052] In some embodiments, the size and identity of the substituents on the upper
aromatic ring (e.g., AR-X and AR-X"), such as the R’ and/or R groups, has an

5  influence on the production of isotactic polypropylene in a solution process, allowing for
a range of isotactic polypropylene polymers to be prepared with desired properties.
Thus, in such embodiments, R’ and R'” may be independently selected from the group
consisting of halo and optionally substituted hydrocarbyl, alkoxy, aryloxy, dialkyl- or

diarylamino, alkyl- or arylthio. Similarly in such embodiments, R* and R'* may be

22



phenyl ring, X-deprotected |ower phenyl ring building block: R3 B(OR) 2
B(OH)2 ZnX R4 RR2 R6 X-THP R6 XH R6 X-THP + or or R5 Y-PGR7 C RO R7 RO R~
RO Br RowB®3M$126BB(a) BB(b) BB(c) BB(d) R3 R4 R2 1) SuPOHIUSOS/128¢yi shi
cross-coupling RS '- Y-PG | 2) cleavage of THP R6 XH R7 RO R8 BB(e)
Schene 3 5 In schene 3, the variables are defined as dis %ed above.

[0062] Schwtepentepdy selested Someihe erupsonraping ¢fhalhandqniion §iEEdyr oo

substi t ut e e o) h |
R B e e A S
or | or 1iigiads(withiR€hd¥tope BOthihaRfeultizti&®incBrdeR8 R8 R3 BB( b) BB( c) BB(d)
R3 R4 Br 1) Suzukl or Negi Shl cross-coupling R5 Y PG 2) eavage of

THP R6 XH 7 R R9

O\/\/O
~o ‘ o

PY SIS S

o\/\/o FO\/\/OF
e

MeoO\/\/O OMe

[0053] Certain of the ligands are novel compounds and those of skill in the art will be
able to identify such compounds from the above. Also, certain embodiments of these
Jigands are preferred for the polymerization of certain monomers in a catalytic
composition and/or in a metal complex. These certain embodiments are discussed

10 further below.
[0054] In some embodiments, the ligands of the invention may be prepared using known

procedures. See, for example, Advanced Organic Chemistry, March, Wiley, New York
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BB(f) 10 Schene 4 In schene 4, the variables are defined as discussed
above. 27 WO 03/091262 PCT/US03/12811 [0063] Schene 5 below is a general
schene f owotoheogynt hesi s of symmetric 2-Br substituted, 2Charsosnasii
ester-substituted and 2-ZnC -substituted, bridged |ower phenyl ring
bui | di ng bIock§h: Br LGLGBr Br 2 R XHR6 I \ XX R R 7 R9 base R7 ( RO
RO R RS R8IREI™ mB). pecificalipithe liggndspbtheinpintionmayhy yprarsd ughg # vaijetyn 2

k7] o R (R R R Eop i ird gt Bhenbal i) T
vari abl es bjcRs S@fpraReedharins tieasiettcatpether Withadsidgimrgroe Phraives ibtse”

refers to bases in general (such as, cesium _carbagnate .or tassiu
t ert - but ok greyp substifuentsican e iftepdpgeskia the syhass qfrqiﬁl‘f]i’f@?d&?é]&(’ Sso {n he phrase

"cat. Pd(Q.".r. : : i rﬁjgﬂ% bzed NO
conpl eg, gna%l\%/{r%gésghﬁ lﬁ%ﬁs)ré 61(‘:(%51 %Hﬁﬁ{c}&rﬁﬁt vg&grﬂltrb.s@?g%gﬂgiogg%ﬁoene g%%w s a
gener al sgduBBE Specifit igamdsntitids ite sobpaiofthisievention 2a:3rbe preprged aogpusting to

oo e el e, B 2 20 SRR el RS Joler Pheny
prepared and then coupled together. There are several different ways to use these
building blocks. In one embodiment, generally, each of the optionally substituted phenyl

10  rings is prepared as a separate building block (schemes 1 (a and b) and 2). The desired
optionally substituted phenyls are then combined into bi-phenyl building blocks
(schemes 3 and 4), which are then bridged together (schemes 7, 8, 9, and 10). In another
embodiment, the optionally substituted phenyl building blocks are bridged together
(schemes 5 and 6) and then additional optionally substituted phenyl building blocks are

15  added to form the bridged bi-aryl structures (schemes 11, 12, 13, and 14). In addition,
schemes to effect certain substitutions on the phenyl groups are included (schemes 15,
16, 17 and 18). In many of these schemes, cross coupling reactions are used (e.g.,
Suzuki, Negishi or Buchwald-Hartwig cross coupling). These cross coupling reactions
are generally known in the art; for example, see Tetrahedron, 1998, 54(3/4), 263-303 and

20  J. Am. Chem. Soc. 2001, 123(31), 7727-7729. The starting materials or reagents used in
these schemes are generally commercially available, or are prepared via routine synthetic
means.

[0056] To facilitate the description of the ligand synthesis techniques used, following are
some abbreviations that are used in this description (including the schemes): PG =

25 “protecting group”, which typically means a phenol or thiophenol protecting group
including, but not limited to: methyl (Me), benzyl (Bn), substituted benzyl (2-
methoxyphenylmethyl:MPM, etc.), alkoxymethyl (methoxymethyl:MOM, etc.),
tetrahydropyranyl (THP), silyl (trimethylsilyl: TMS, zerz-butyldimethylsilyl: TBS, etc.)
and allyl (Allyl); LG = “leaving group” = leaving group for nucleophilic displacement

30 reactions group including, but not limited to: chloro, bromo, iodo, tosyl (para-

toluenesulfonyl) and triflic (trifluoromethylsulfonyl). The symbol \\'B*/ depicts a
bridging moiety as defined elsewhere in this specification. The term “upper phenyl ring”

is used consistently with the term “upper aromatic ring”, described above. The term
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R6 Br XHLGLGR6 Br XLGR17 | RI9 B *'- B R18 R7 RO base RR9 base R3 R8

Br Br R6 X X R16 R7 RO R19 R17 R8 R18 BB(B) 1)"BuLi \1) "BuLi 2)

B(OR) 3 orwoat/ooRd O 2) ZnX2 (RO 2B-B(OR)2 B(OR)2 B(OR) 2rZmXsEnKs8IR6 X X

glﬁ R6 X RL6 R7 RO B Rls R17 R7 RO B R19 R17 R8 R18 R3 R18 BB(k) BB(I)

cheme 6 In schene 6, the variables are defined as discussed,apove. 5

[ 0065] Sclitoreer pheylaing’ és wsed epesisientlycyidhtherterm  logves grompbisrne of eé?ﬁ%?ém ric

Y- pr ot ect eacgv upper phenyl ring 2-brono-substituted, |ower phenyl ring

bri dged bui Pdﬁ:‘ng blocks: RS R3 R3 4 RBr LGLGR4 | Br Br R4 R5 Y-PG B R5

\B(I-B PfG PCB'}BY [6U571 h&cﬁ&né 1k b¥idwhia ageReraDbREingbIBTk RortliREis/scRIn&@pdRificaly 8 RS
Scheme 7 10 In_sch 7 ' ' '

abgv)e _ (2 epioting ﬂmg@gsip@ﬁ-)(&g%%ﬁ@éé%—%?oﬁng glgl)lsfaitpllltgd? ufoi[ge% p ‘1ng1}|'1 ?i%g b%ﬁdgllgs cussed

5  blocks:

RR'NH
or
R?-B(OR),
R® or R®

R4 i Br R%-ZnX R i R2 1) cleavage of PG
5 Y-PG appropriate RS VPG 2) bromination

R A
cross-coupling
reaction conditions

R3 ‘ R3
R* R? protection of -YH R R?
RS YH R Y-PG
Br Br
BB(a)
Scheme 1a

[0058] As shown in Scheme 1a, a protecting group (PG) is used to prepare the
appropriate building block (BB(a)). The substituents on the building block are as

10  defined above. The variables R and R’ are generally selected from the same group as R?,
and may be optionally substituted alkyl, aryl, amino and the like; optionally R and R’
may be linked or fused. “Appropriate cross-coupling reaction conditions” are generally
known to those of skill in the art, and may be found in the above-cited references. Other
reaction conditions will be known to those of skill in the art, with reference to the

15  examples herein.
[0059] Asan alternative, Scheme 1b shows a general synthesis scheme for Y-protected,

2-bromo substituted, upper phenyl ring building blocks:
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[ 0066] Schene 8 below is a general
Y,Y - protected,
bri dged bwlodiosge2 bl ocks:
R4 Br LG LG 4 Br
RRR7 RO 88 BB(f) RBRI3 R4 | B, R, L RlL4 R5 Y-PGPGY
R17 R8 R 18 (n)
[ 0067

Rl6 R R7 |
vari abl es are defined as di scussed_agbgve.
general schenme for the dpuble reacB 6. bui | d
bridge, followed by de
R4 R2 RA RR R2 R4
base R X X R

10

15

R13 R14 Br

/ RO R19 |

ot ecti on:

ring 2-brono-substituted,
R15 Y' -PG R16 X HPR3/URB3/RBT1 |
R18 R5 Y-PG B~ R5 Y-PG BB(f) R6 XHR 6 X LG 7 9 base base
R15 6 X X

t he

Schenme 8 In schene 8,
Schene 9 belowis a

| ower phenyl

ng bl ogk
30, %0 03/ 091262 PCTRUS03/ 12811 R3

By | \ R5R¥ZMS 13 RS

appropriate
cross-coupling
reaction conditions

Scheme 1b

In scheme 1b, the variables are defined as discussed above.

Br Br
8 8 _
R XH DHP R X-THP
r—————
R® R®

1) "BuLi | 2) ZnCl,

RS 2666

Y-PG

BB(a)

[0060] Scheme 2 below is a general scheme for the synthesis of X-protected 2-boronic
ester substituted lower phenyl ring building blocks, X-protected 2-ZnCl substituted
lower-ring building blocks, and X-deprotected 2-boronic acid substituted lower ring
building blocks:

schene for the synthesis of unsymmetric

ring

/ R19

10 BB(e) with

R3 R3
R6 X

—————eerereren .

ZnCl
R® X-THP
R’ R®
R8
BB(d)
Scheme 2
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BB(b)

H*/MeOH

BB(c)

In scheme 2, the variables are defined as discussed above. In addition the phrase “cat.
H™ refers to an acid catalyzed reaction that supplies a hydrogen ion, such as p-

toluenesufonic acid (TsOH) or hydrochloric acid (HCI), as is known to those of skill in

[0061] Scheme 3 below is a general scheme for the synthesis of Y- protected upper

H



7 RO R RO RO R7 R38 R8 R8 BB(e) deprotect RBR3 RA R RRR4 | \'1I \ RS
YHHYR5 R6 XBXR6 R7 RO RO RT RB RB Schene 9 In schene 9, the

vari abl eswerog/oghett ned as di scussed above. 5 [0068] SchenePtd@/uses/m81is a
general schene for the sequential reaction of building blocks BB(e) and
BB(f) with pridge, r ot Ctl n; .31 03/091262 PCT/ US03/ 12811
R13 Rl4 Rl?ﬁerﬁ?%ngg)f(-lg@aro Eﬁg“éﬁ%’{ vFipebWlgag blopk7 Rio LG LG R R RIS RS
Y-PGR5 Y-PG BB(f) R6 XH6 X Gbase RJ base R7 RO 7 RO 8 R8 BB(e) R3
R13 R4 R2 R12 FBlA' depr ot ect RSB((\)(E HY R15 R6 )%(@;l)QRIG

ZnX
R R2 R® xTHP  R® XH RO X-THP
+ or or
RS Y-PG R7 R® R’ R® R’ R®
Br RS R® R®
BB(a) BB(b) BB(c) BB(d)
RS
R* R?
1) Suzuki or Negishi O
cross-coupling R RS Y-PG
2) cleavage of THP RS O XH
R’ R®
R8
BB(e)
Scheme 3

5 Inscheme 3, the variables are defined as discussed above.
[0062] Scheme 4 below is a general scheme for the synthesis of 2-bromo substituted, Y-
protected upper phenyl ring, X-deprotected lower phenyl ring building block:

R B(OR), B(OH), ZnX
R Br RS xTHp  R® XH R X-THP
+ or or
RS Y-PG R7 RO R’ R® R’ R®
Br RS R® R®
BB(b) BB(c) BB(d)
R3
R* Br
1) Suzuki or Negishi O
cross-coupling RS Y-PG
2) cleavage of THP RS O XH
R’ R®
R8
BB(f)
10 Scheme 4

In scheme 4, the variables are defined as discussed above.
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|  R7 RO R19 R17 R 8 R18 Schene 10 5 In schene 10, the variables are
defined as di scussed above. [0069] Schene 11 below is a general schene for
t he convewseiooonb2 bui | di ng bl ock BB(a) to a boronic estePCOrUSENCSI11
derivative, followed by double cross-coupling with building block BB(Q)
and subsequent deprotection: 32 WO 03/091262 PCT/US03/12811 R3 R3 R3 2 R4
| R2 1) " BWES] Sehenst DRylewAs Rggenergbschemp fqughe sywhespspipymmedic kBt v. pG R5

Y-PG Br 1 2). ZnCl.2 i
Negishi - Futstbitl 2P e STt g o syt HigRaTonb syt X1 OF
R3 4 R2 Rgm%tﬁ,uﬂdhng’lﬁldd}(s R5 RS R6 X XR6 R7 ( RO RO R7 R8 R8 Scheme 11

In scheme 1 the variabl es are defined as di scussed above. 5 [0070] Schene
12 below is a general schene for the conversion of building block BB(a) to

a boronic ester og . ZnCl derivative, fallowegd by double crosg-coupling wth
bui I ding bl og BB(j),and H%Eié?EEH% depgot ctl x =6
2 B -
R’ R® base R’
BB(9)
1) "BuLi
2) B(OR)
) ( 3 or cat. Pd(O) 1) nBULi 2) ZnCI2
(RO)zB"‘B(OR)g
B(OR), B(OR), ZnCl ZnCl
R® X RS RS X R
R’ R® R R’ R R® R R’
RB RB R8 8
5 BB(h) BB(i)
theme 5

In scheme 5, the variables are defined as discussed above. In addition the phrase “base”

refers to bases in general (such as cesium carbonate or potassium ferz-butoxide), as is

known to those of skill in the art. Also the phrase “cat. Pd(0)” refers to a catalyst that
10  uses a ligand-stabilized Pd® complex, known to those of skill in the art.

[0064] Scheme 6 below is a general scheme for the synthesis of unsymmetric 2-Br

substituted, 2-boronic ester-substituted and 2-ZnCl-substituted, bridged lower phenyl

ring building blocks:
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WO 03/091262 PCT/US03/12811 REIRBRR32 R4 1 LR21) "BUI, 2) B(OR3 2 R
or 2 R4 1 \ R RSY-PG'" or R Y-PGR5 Y-PG Br 1) "BuLi, 2) Znd2 B(OR)2
ZnCl BB B0IBr2 R6 X X' R16 1) Suzuki or Negishi | / | pcrass3/csupling
)7t: RO R19 \ R17 2) deprotect R8 R18 BB(j) RZIRERA R R RA R5 YHHY
Rs R6 x XRlI6 R7 RO R19 R17 R8 R18 Schene 12 In schene 12, the variabl es
are defined as discussed above. 5 [0071] Schene 13 belowis, a gJI

schenme for the double cross-coupling of building blocks BB( o5 BH(i )
wi th building bl ockr BB( a) I I o y deprpt ection: 34 WO 03/1091262
PCT/ US03/ 12811g8 B(DR) X XX R4XR2 | ~Be IRIRR RR"R7 R5
O PG RS BB(h) "<® BB( a) ZnCI F@_%L/Suzukl orR1P\Ieg| shi |
cross-coupling 7 RA9 R7 2) bggprot ecté R base
R® R®
Br Br
N
R7 RQ R19 R17
8 R18
BB(j)
1) "BulLi 1) "BuLi
2) B(OR); / or cat. Pd(0) 2) ZnX,
(RO),B—B(OR),
] B(OR)2 x B(OR)z16 ZnX ZnX
R ' R RE X R16
s/ N
R7 RQ R19 R17 R7 Rg R19 R17
8 18 R8 R18
BB(k) BB(I)
Scheme 6

In scheme 6, the variables are defined as discussed above.
5 [0065] Scheme 7 below is a general scheme for the synthesis of symmetric Y-protected,
upper phenyl ring 2-bromo-substituted, lower phenyl ring bridged building blocks:

R® R3 R?
R* ‘ Br LG LG R4 Br Br. R?
) R: Y-PG \—BJ RS ‘ Y-PG PG-Y i R®
R XH R® X X R®
base
L, e T
R’ R R’ RO R® R7
R® RE R®
BB(f)
BB(m)
Scheme 7

10  In scheme 7, the variables are defined as discussed above.
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R8 BB(i) RBRBRZ3 4 R R RAI\ I\ RS YHHf R R6 X XR6 R7 RO BRO RR8
R8 Schene 13 5 In schene 13, the variables are defined as di scussed above.
[ 0072] Scwerm/odvkébel ow i s a general schene for the doubl epcmasss/csupl i ng of
buil ding blocks BB(k) or BB(1) with building block BB(a), followed by
deprotection: 35 WO 03/091262 PCT/US03/ 12811 R3 B(OR)2 X B( ?)93216 2 R4 |
L R2 R6 Ie96p] Scimgne RpelRy ivegeparal sshemg fphg synthesisgupsymmgiicoy , Yzn X 1)

Suzuki or I,shi ' RIS 3 ' = Bhe rherRbEEbUiRne R7 / RO
RL9 R17 R@rl\%%(t?s‘? h@%ﬁé@“@@b&ﬁﬁ@%ﬂ%ﬁ?ﬁ icﬁl PERiRLaEbuRte
RO R19 R1%Ide&s:R18 Schene 14 In scheme 14, the variables are defined as

di scussed above. 5 [0073] Schene 15 below is a general schene for the

doubl e cross-coupling of building

R13

R14 O Br
R1® Y-PG

(L

, R® R® R17

O LG LG O R
R5 Y-PG \\-—BJ _ R5 Y-PG BB(f) N
R? XH RS X LG

base base

@ N\

R’ R® R’ R®
R® R8

BB(f)

R13

R3

R4 Br Br, R4

O L,

R Y-PG PG-Y R

RG "X X R16
0

R7 R? R19 R17
R8 R

BB(n)

Scheme 8
In scheme 8, the variables are defined as discussed above.

[0067] Scheme 9 below is a general scheme for the double reaction of building block

10  BB(e) with bridge, followed by deprotection:
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bl ock BB(nm), followed by deprotection: 2 RRNH R3 R3 or R4 Br Br R4 2
R2-B(OR)2 or R5 Y-PGPGY I f R5 2 R2-ZnX deprotection R6 X X R6
appropri awe osters2 coupling R7 RO B RO R7 reaction condit iPCRESORBSRE BB( M)
RBRE AMARRRM 1\VI\RYHHYRS5 R6 xg~ X/ | R R/ RO RO R7 R8
R8 36 WO 03/091262 PCT/US03/12811 Schene 15 In schene 15, the_variabl es

are defined as di s&issed above. [ 0074] Scherre {6 below is a geral schene
for the doubl eRty gs fupl i ng of bui | di ng R% ocR?BB(n), RG 4by
deprotection: 2 R3 R18Gor R4LEBr Br R2-B(OR) 2 or Y- PG
PG Y R15 2 R2ZnXfepyphecti kﬁ@/)’( X FONePEE at e peilp )8l ing RY
| ROR19 | RE7 rgacti on,condrtions RERL8 I@B(n R3x R13 X RO
base \—B-/
R R® R’ R® R R’
BB(e) deprotect
R3
R O R
R YH
R X
DO
R8
Scheme 9

In scheme 9, the variables are defined as discussed above.
5 [0068] Scheme 10 below is a general scheme for the sequential reaction of building

blocks BB(e) and BB(f) with bridge, followed by deprotection:
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RA RR RRRL4 R5 YHHY RI5 Rgx X1 R16 g~ R7 RO R19 Rl7 R8 R18 10
Schene 16 In schene 16, the variables are defined as di scussed above.

[ 0075] Scwerm/odizébel ow is a general schene for the conver ®coruses/1asui | di ng
block BB(m into a B(OR)2 or ZnX derivative, followed by double
cross-coupling and deprotection: 15 37 WO 03/091262 PCT/ US03/12811 R3 R3
R4 BLOR)2 (RO2BL R4 R5 Y-PGPGY |l /| R R6 X x R RB R3 \WRB--/ 1 9 Rs
R R4 B Br RARIR51) "BuLi, 2) BBORRB R8 R R 8 B5RY PR'? R or R6
6 X X R~B- 1 1) "BuLi22) ZnCl2 R3 R3 Rs Rs R7 R4 ZnCl Cl Zn '

RR5 Y-PGPGYR5 R ss 67 RT RRR R15 Y'-PG
R! XH
R’ R® 17 19
R* R? 4 2 R R
O LG R O R RS
RS vpe g/ =5 Y-PG BB(f)
RS XH o RE X LG
O ase \\—-B-/ base
R’ R® R7 R?
R® R®
B
BB(e) o
R
deprotect O R15
R'6
BJ )
R19 R'7
R18
Scheme 10

5 In scheme 10, the variables are defined as discussed above.
[0069] Scheme 11 below is a general scheme for the conversion of building block BB(a)
to a boronic ester or ZnCl derivative, followed by double cross-coupling with building

block BB(g) and subsequent deprotection:
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RBRB RBR3 4R R R4 2 R2-Br deprotection RS YHH YR 5 appropriate R6

X X R6 cross-coupling B
[ 0076] Scwerm/0d26bel ow i s a gener al

reaction conditions R7T Rs RO R7 R8 R8 Schene 17

schenme for the conver ®Corusos/148uwi | di ng

bl ock BB(n)

into a B(OR)2 or ZnX derivati ve,

fol |l oned by doubl e

cross-coupling and deprotection:

5 38 WD 03/091262 PCT/ US03/ 12

$11 R3 R13 4

B(OR) 2 (RO 2B R1&* R5 Y-PG PG Y R15 R6 X X 6 3 RI3 R Br Br Rl14 R
7 Rg-B R19 RRgZ \ _RAS8 31?“51% Zgy(é: 2) BRER).3 RR5 /. YRR Y Ror R6
X X R16 or2\ / ) " BuLi, 3 n R%SRBZR 13 | RrRL9 \ R4 \ zZnC
ClzZn R14 RBlJ{% _@,)G Rs Y-Bs PG Y' RI15 gR vyBE6 R7 P O Vv38 R17 RB
RIB R3 R13 Br 1) "BulLi, 2) ZnCl, B(OR), ZnCl
BB(a)
Br Br . I
RS X RE 1) Suzuki or [\Il_eglshl
cross-couplin
\——B-/ piing
R’ R® R® R’ | 2)deprotect
8

R® R®
R® ‘ YH HY RS
R X X R®

e/
R’ R® R? R’

R® R®

Scheme 11

In scheme 11, the variables are defined as discussed above.

5 [0070] Scheme 12 below is a general scheme for the conversion of building block BB(a)

to a boronic ester or ZnCl derivative, followed by double cross-coupling with building

block BB(j) and subsequent deprotection:
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RA R R Rl4 2R 2 -Br deprotection R5 1 / YH HY' R15 appropriate R6 X R16
cross-coupling reaction conditions R7 RO B R19 R17 R8 R18 Schene 18 [0077]
Once t he wolBnedel i gand is forned, it may be conbi ned w t irCa/uses/slsiat om
ion, 5 conpound or other netal precursor conpound. For exanple, in sone
enbodi nents, the nmetal precursors are activated metal precursqrs, which
refers to a netal R?Jrecursor (descri bed bel ovv)R hat has been cﬁ)nbl ned or

reacted w th Ri_as i\l‘?&toru(ngﬁsiczr2 'B@ bel ovli)4 ] R’t 0 comti® L QPRDI
@ cill catiogsa th i gands of
W C

reaction wi2h t

this inventiops ATPaUsEd Or pg Soy.pand t he
10 product of sucd conbi ngtBan, ) gnoigt det erm n@) i f a product; ftprns. For
exanpl e, the Ilgand may be added to a reaction e%sel at the sanme tine as
the metal or netBB(a)recursor conpound along with the yfeactants,

activators, scavengers, etc. Addjitionally, the Ilsgand can be nodified
prior to addltl on to or aftery the addition othh met Al 1PSELM & Megishl. J.

t hrough a deprotonation react i Reati oross-&opling078]  For
formulas I, IIl, IIl, IV and V. met at-Bprecur s compounds may be
characteri zed by the gener al Rf Re" b Zrdersptedtel ect ed from
the group consisting of groups B86 and Lant hani @& el epents of the Periodic
Tabl e of Elenents, nore specifically, BB{§jpgroup 4 (H, Zr and Ti); L is

i ndependently selected fromthe group consisting of halide (F, C, Br, 1),
optionally substituted al kyl, alkenyl, alkynylgs 39 WO 03/ 09126z
PCT/ US03/ 12811 heteroal kyl, heteroal kenylLs h terﬁal kynyl , R2ary
het eroaryl, al koxyl, aryloxyl, silyl, boryl; yosphi no, am i

al kylthio, arylthio, hydrido, allyl, diene, sphi ne, car ha .
1,3 di onates, oxal ates, carbonates, nitratfes, Jsul hRat es, éf’tYher Bﬁl oet hers
and conbinations thereof; L may al so be |E' 3 bonded Xe_the
and for exanple, L 5 may be a non-coordi nate Io\eseé;uéoo
weakly coordinated anion (e.g., L maybe sgresfedrtrom t her§roup rdnsi sting
of those anions described belowin the conjupgtion with the ag®i vators),
see Marks et al., Czem Rev. 2000, 100, 1391-1434 for a detailed

di scussion of these weak interactions; and optionally two or nore L groups
may be |inked together inaring stBdeme®¥ nis 1, 2, 3, 4, 5 or 6. The
nmet al precltljlr

eme ,ytgg variables are defined as discussed above.
5 [0071] Scheme 13 below is a general scheme for the double cross-coupling of building

blocks BB(h) or BB(i) with building block BB(a), followed by deprotection:
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10 nmononeric, dinmeric or higher orders thereof. Specific exanples of
suitable titanium hafniumand zirconium precursors include, but are not
limted twoDB@IRe2 Ti (CH2Ph) 4, Ti (CH2CWe3) 4, Ti (CH2SI Me3) 2CTNSOZHBPH) 3C1,
Ti (CH2CMe3) 3C1, Ti (CH2Si Me3)3C, Ti (CH2Ph)2C12, Ti (CH2CMWe3) 2C12,

Ti (CH2SIi Me3) 2C12, Ti (NMe2)4, Ti(NEt2)4, Ti (O isopropyg)4, and

Ti (N(Si Me3) 2) 2C12; R Hf (CH2Ph) 4,BAERLCH2CMe3) 4, 1R°Hf (CH2Si Me3) 4,

Hf (CH2Ph) 3C1, Hf RS ‘
Hf (CH2CMWe3) 2C12, Hf
Hf (N(Si Me3) 2) 2C1%%7 14

Zr (CH2Ph) 3, Zr (CH2@ee3) 3C, - Zr (CH2Si Me3) 3C1, Zr (CHaPh) 20 2,

Zr (CH2CMe3) 2C12, Zr (CH2Si MeBBI®I2, Zr (NMe2) 4,  Zr (NEL2) 4, Zr (NVe2) 2C12,
Zr (NEt 2) 2C12, and Zr (N(Si Me3),¢) 2C12. Lewi s base addu aht 20 these
exanpl es are al so suizh@bl e as netal pi€tursors, Tor exanple, ethers,

ami nes, thi oet her®, _phoskhi nes arkl t e | Rke are sUiSuadiier Negispiewi s bases.
Speci fic exanpl es udé\ﬂgggg(TH Hf C14( SMe2FPssiRePling

Hf ( CH2Ph) 2C12( CEt2y ~ACtjovat ed ba ursors . oni c or
zwitterionic con%%ungg, %uch asn%N(t_ﬂPH$g+)(B( %B%&QN

( M CH2Ph) 3+) (PhCH2B( C6F5) 3 BBf{fjere Mt s defi ned above (and nore
specifically Hf 25 or Zr). Activated netal psfecursors or such ionic
conpounds can be prepared in the manner, shown i,n Pellecghig et_al .,
Organonetal | ics, 1994, 13, 298-302; PelfecchH ~ A zem Soc.
1993, 115, 1160-1162; Pellecchia et al., @ 13,
3773-3775 and Bochmann et al ., CyganoneRﬁ Cs,YtD93, 12HY63¥ 645, each of
which is incorporated herein by refererce A 30 X0079] The | ilgqayrf t o net al
precursor conpound ratio is typically int
about 100:1, nore specifically in the rang bout” 0. & JIg:
and even nore specifically about 1:1. [ 00804 is inventiong in part,
relates to new netal -1igand conpl exes. Cenerally, the ligand is mxed with
a suitable netal precursor (and optionally other conponents, such 40 WD
03/ 091262 PCT/US03/12811 as activators) prior to or simultaneously with
allowing the m xture to be contacted Qphédie i8he reactants (e.g., nonomers).
When the ligand is mxed with the netal precursor conpound, a netal-Iigand
conpl ex5 majn shemerlgethe varialdes arayletivedaschagcabsedtaboye. may need to be activated

to be a ca St... 5 .The netal - 1igand ¢ exes of t.his.Jdnvention
can' i n gontPh” Sihetas PhBfeb s 8GR ehab e R i BBl PRef e i SR B s
I n one enbpRickEBB(L)HBBBLh bhilnEbloolBBEXE Sfollovaddydiepivtaiion, chel ating

| i gands that may occupy up to four coordination sites of the
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nmetal atom The netal -l1igand conpl exes can al so be descri bed as having
dianionic ligands that formtwo seven-nenber netall ocycles wth the netal
atom (couwDiopgIbhe 10 netal atom as one nenber of the seveoTnsnbesiring).
Al so, in sonme enbodinents, the netal-ligand conpl exes can be described as
havi ng di ani onic, chelating |igands that use oxygen gnd/or sulfur as

bi nding atons to the nmetal atom In still other enbodinents, the

metal -1i gand conpl exB®©Ran be descri IB@Ras havi ng* R%l | ocene | i gands
that can coordipgfat el n. ®n approXoa 2! [ pl ex with the netal
atom By 15 approxi ¢
ligand with the pe ‘ € zefspdered so that the ligand parts
occupy four approximgely C2 synmetrilgs quadrants d the nmetal center
ext endi ng towards the |iganB8(K) and approxi mate rreaé%za hat true symetry
may not exist due to several factors that effect symretry, including, for
exanpl e, the effect mixthe bPldge. |@nkarticul arl) Syﬁé'w{eleghm and/ or R12
20 group the |ige#d na €2 symeCioREUWPI%Gr r anged ar ound
the metal center. lenonst r at i s meant herein by
approxi mate C2 yM S aPpEXi mat eﬁé’%@r@ can be determ ned
by proton NVR 0082] I'n s enbodilpents, the netal -1igand conpl exes of
this invention can bR charég‘mri zedey the general fornula: 25
(4,2,0,S)Mn" (VI) where (4,2,0,S) is a dianionic ligand having at |east 4
atoms that are each independently oxygenRbr sulfur and cR&lating to the
metal M at 4 coordination sites throuf ged and/ or? urRat oms with
two of the bonds between the oxygen or { at ons and nmet al bei ng
covelent in nature and two of the bonds j Fune (i.e.,
oxygen 30 or sulfur atons acting as Lgw s|basgs and the taIRment er acting
as a Lews acid); Mis a netal selec A %}gﬁgrop sisting of
groups 3-6 and Lant hani de el enments of e5i i apg El.ements, nore
specifically, fromgroup 4 (Hf, Zr an®& Ti ; R'is ind&endentRy sel ected
fromthe group consisting of halide (F, (R} Br, 1), optiorﬁé?ly substituted
al kyl, al kenyl, al kynyl, heteroal kyl, heteroal kenyl, heteroal kynyl, aryl,
41 WD 03/091262 PCT/ US03/ 12811 hetegqaryl,, al koxyl, aryloxyl, silyl,

boryl, phosphi no, am no, thioxy, al k%‘a{eﬁ{eolfl arylthio, nitro, hydrido,

al lyl, di gRgch@ROSR N Gariabfls RRXIREE Bs diberdksél Akes, oxal ates, carbonates,
nitrates, sulphates, ethers, thioethers and conbi nations thereof; and

opt i onal | \{0a7ed Swhemedbdelovgiscugssershgchismel fonthe dotblg rdserconpling afibygding
structure; 0083] In other enbodi nents, the

net al - | i g&ﬂg"lﬁféﬁghaiééovgéfd 1?5{1‘?63’%‘?1%} Mtion are those

2 RR'NH

R3 R3 , or
R* Br Br. R 2 R*B(OR),
or
RS PG PG RS 2 RZ-ZnX deprotection
RS X X R® appropriate
\\_ _/ cross-coupling
R’ RY B RO R7 reaction conditions
R® R®
3 3
BB(m) R R
T o
R’ YH HY R®
RS X X R®
L s X
R® R®
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conprising two seven-nenber netallocycles fornmed with bonds fromthe netal
atomto at least 2 heteroatons (e.g., 0, S, N, P, Se and the like). In
nore specwbiog/ofasns, these netal -1igand conpl exes conpri PETIUHO3/12811
seven-nmenber netall ocycl es and even nore specifically, there are at | east
two seven-nenber netallocycles that are joined together 10 by at |east one

bridging group. In still other enbodi nents, two, bridged seven-nenber
netal | ocycles forma symetri cal coné)r%l%gle 1‘§hus for exanple, the
metal -1igand conpl ex below is one enbodinmént of this inventionn. NN H O

O 7- lrrenberlnlsc?lédﬁw’fmthem‘lalleb@fé}kféfme%ﬁ@ﬂigédgﬁayﬂdo@eblri dgi ng group where the
conpl ex includes two netallocycl es, boun y a single bridgin roup. 15
[ 0084] | n [8474] |Scheme 6 balondis #esneral sqhemadorthe ﬂPk}}gﬁ aroé%'ﬁ?}}lg%g’f g*‘l?‘#llﬁ% s

i nventi.on ' .he general formulas: Ln" Ln" AR Y2 ? |
. Y3-AR 2 @E(%@ﬁéﬁ%ﬁﬂih%ﬁ?ﬁ@ﬁgﬁ._ Y'AR AR X~ XI-AR 4 51 AR XX -AR
(Vi) (Vi) wherein each of AR M L, B, and n', are as defined above; and
the dotted lines indicate 20 possible bindRgNHo the nmetal atom provided
that at |least twa of the dotted hisnes are coaral ent bonds. X, X, X4, X5,

Y2 and Y3 arg de iv§d fromthe definpiiong rfg@R)ed above in that at |east
two hydrogeR atohs oM X, X, X' X', Yand Y, ina 42 WO

03/ 091262 PCT/USQ3/ 12811 manndr _khown to thes yof  ski lgbpbRacdcdie art, to

formthe at R t ¥WPCcov&CGNt b d§1\émb and-T—er—Y poi eti es and
the nmetal . [y i pK on t he X¥rupper_RY covabmmepriabonds, as those of skill in
the art can de ié1 nme pdi ment &OSSCOHRAMIX' and Y2 and Y3 are the

sane or diff pd are i ngepapdeniity reaftige £AWiPRHm t he group 5
.consi sting of q@gygen, sulfur, -hR30-, and -PR30-, where R30 is selected
fromthe group

BB(n) R3 R13
R® ‘ YH HY' E RS
Re X X R16
(N’ 1
R7 RQ R19 R17
RS R18
10 Scheme 16

In scheme 16, the variables are defined as discussed above.

[0075] Scheme 17 below is a general scheme for the conversion of building block
BB(m) into a B(OR), or ZnX derivative, followed by double cross-coupling and
deprotection:

15
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consi sting of hydride, halide, and optionally substituted hydrocarbyl,

het eroat om contai ni ng hydrocarbyl, silyl, boryl, al koxy, aryloxy and

conbi nat iwe3beseof . In other enbodinments, Y2 and Y3 ar @eCrhusoymsel or
different and are independently selected from the group consisting of
optionally substituted am no, phosphino, hydroxy, a3| koxy, 10 aryl oxy,

thi oxy, alkylthio and arylthio. In sonme enbodi ment§, X4 and X5 afe the sane
or different and are independently selected f BERe U EB Rnhg of
optionally substituted ami no, phosphino, hydrox koxy, ar st hi oxy,
alkylthio and arylthio, provided that when theXbofid ¥B%t he” iR

coval ent X4 ansd X5 are | ndeggndently sel ected %5 gr oy r'Sting of
oxygen, sul, f uRk; -NR30- and?- PR30-. Note al so th, Brdi g shat the
metal M & B to a niimp i groups of L, &% d Jl'ﬁed above. 85] In
still other, Erpiodi ment S, ;alﬂ?ﬁugaa)la(oabrrpl exeB of this i nveFr’ﬁtl on may

be char acFeerl ze
R R R6 Rro R
Rl, R, R3

q
@‘F{y tt’i’& gederd] formta—R3"RI3 R4 R2 morR12 R14 Y2 Y3 RS

R1)@L,E§;Qnd§17 8 Rls is (I X) whergin each of

+R9, RL, R', R12¢ RI3,,Rl4, Ri5, Rlbgt R 7,

20 R18, R 8§ R20R M L n', 1B, "X, X, Y2 and v as defined Ve and as
further expl afned in conneftion which structurg Y bgandpd VA *rSThe
dotted lines indi caBB(Mossible binding to the gtom pnqvi fledkst hat at

| east two of the dotted |ines are covalent bond 08\_ _/n/st
enbodi ments, the netal -1igand conpl exes of thi sgiRy€nkd on° mayebe 5

characterized by the general fornmula: 43 WO 03/ 091
R13 R4 R2 Lnt R12 R14 | R15

R3
R"'
2
2R%-Br deprotection g5 R5
o R6
appropriate
cross-coupling \——B-/
reaction conditions R7
R8

Scheme 17
[0076] Scheme 18 below is a general scheme for the conversion of building block BB(n)

into a B(OR); or ZnX derivative, followed by double cross-coupling and deprotection:
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Rs Yy3 R6 RI6 R7 RO R19 , R17 R8 R18 (X) wherein R2 R3, R4 RS R6, R7, R$
R9, R12 R13 R14 R15 R16 R17 R18, R19 ML, n', B, X X, Y2 and Y3 are as
defined awows/ogmez as defined above and as further explai n@dTiusos/csnnect i on
which structures (VI1) and (VII1). The dotted lines indicate possible
binding 5 to the netal atom provided that at Ieast two of the dgtted
lines are coval ent bonds. [0087] In nore speC|f|c B

nmetal -1igand conpl exes of this invention nay ot
general formula: R R3 RA RRR2ZRR Ln' 2 Rs 2
R7 RO RO R7 R8 R$ (XI) wherein R2, R3, R4, Rs®
B, X, X, and Y2 are as defi hed above 10 are af
further expl aﬁned i n conpectji on,whi ch structures,

%( ~rE— ]} he

dotted |irfes iwgPtate poSsitiebinding to the nBtall afom prdvidéqg Fhat at
| east two O dottelg_lll \eslare Bkl BAORMONS. Rh formula (X ¥, the

metal -11i gaﬁg al|so @a e C2 symmetory that may
n tbesugoi)ymyl zatiops of propyl enegtso
p

provi de cof :
m o\w—é enbined with 15 p op%cﬁte ehl VtOﬁ(d,S)

i sotactic g :
[0088] In &ddilyi 5n speC|f' dss for the substituen

producti on of Rt he particul ar pol ynmers di scussegs-aba €. oy
pol ypropyl ene) appl BB the netal - 44 WO 03/ 09162 | P J Us03/ ;k 81
N
R’ R®
R8
R3 R13
R4 RZ R2 R14
2
2 R-Br deprotection RS O YH HY' O R15
appropriate RS X X R
cross-coupling O \—-B—/ O
reaction conditions R7 R? R19 R17

Scheme 18
[0077] Once the desired ligand is formed, it may be combined with a metal atom, ion,

5  compound or other metal precursor compound. For example, in some embodiments, the
metal precursors are activated metal precursors, which refers to a metal precursor
(described below) that has been combined or reacted with an activator (described below)
prior to combination or reaction with the ancillary ligand. In some applications, the
ligands of this invention will be combined with a metal compound or precursor and the

10  product of such combination is not determined, if a product forms. For example, the
ligand may be added to a reaction vessel at the same time as the metal or metal precursor
compound along with the reactants, activators, scavengers, etc. Additionally, the ligand
can be modified prior to addition to or after the addition of the metal precursor, e.g.
through a deprotonation reaction or somé other modification.

15  [0078] For formulas I, IL, IIL, IV and V, the metal precursor compounds may be
characterized by the general formula M(L), where M is a metal selected from the group
consisting of groups 3-6 and Lanthanide elements of the Periodic Table of Elements,
more specifically, from group 4 (Hf, Zr and Ti); L is independently selected from the
group consisting of halide (F, Cl, Br, I), optionally substituted alkyl, alkenyl, alkynyl,
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| i gand conpl exes. In addition, Lewis base adducts of the netal-Iigand
conpl exes in the above fornulas are also suitable, for exanple, ethers,
am nes, twpmawhess, phosphines and the |ike are suitabl epPag/usesisibases.
The netal -1igand conpl exes can be formed by techniques known to those of

skill in the art, such as conbinations of netal precursors 5 an | gands
under condieterepiisylt ketemalkenylchgteroalicmylosryl bstereard ﬁgxylt H& Oééflﬁﬂlg E%r?’gf this

R15 R RSP A SRR S g, %?%ﬂ%&%.ﬂ?f FREGTRPOI PO BN e
\F\(’EQ . R?cafggxﬂagesh%?; chﬂanssode&e@(ca{‘boﬁélt& mttdfbsosulplﬂ&s)(eiﬂlbts thio¢tirt6andR7 RO
16, & || gERmIRAORIINAEF L. P RO QPURAISCORERS b S M AR Torraple, B
precur Sor 44 a iGEdrh Q%%lto? l&%ﬁ%@obf@na&&ﬁ&%@éa@ c&)trdlh%é hnl%n'(@%V[[ﬁg group

| i gands L, |c are s Int schene as conbining with a yrogen(H)
Q her schemmsbe sieetel ﬂrcbrat]haagt‘mupgorgimmg Olfltlgmﬂdrnomsnlebed/betlwmﬂ@r noi et i es

(e.g., Li) enployi th f
el g coaREsBite fe GO G Sl TS Han a0ty A0a RY AU TGEY
moi eties (Rifled dMIEETOM dah&ekddak uﬁf@fa@ﬁorﬁsahﬁd @éﬁdnﬁﬂ‘y b @anghotesL giogs nRlgd t he
conpl exati on reaction proceeds by salt (i mat’ on% y£009 Specific

o

netal - | i gdmdlmdmgﬂa@s 1w tihg afppetei mist le 2@ 4y et nreﬁH@O@éwebe of

E/Q eNI r,\l}vegtrlgf())r{]o&gn %I 1nafflc c]% W%e&%éc%gsé%géof QSGQ%BJX%&%% of Suitatle ﬁtaMunl\sz B\
hafnium and zirconium precursors include, but are not limited to TiCls, Ti(CH2Ph)s,
Ti(CH2CMes)s, Ti(CH,SiMes)s, Ti(CH,Ph);Cl, Ti(CH,CMe3)sCl, Ti(CH,SiMe3)sCl,
Ti(CH,Ph),Cl,, Ti(CH2CMes),Cl,, Ti(CH,SiMe3),Cly, Ti(NMe;)s, Ti(NEt2)4, Ti(O-
isopropyl)s, and Ti(N(SiMe3),),Clp; HfCly, H(CH,Ph)s, H{ CH2CMe3)s,

15 Hf(CH,SiMes)s, Hf(CH,Ph);Cl, Hi{CH,CMes);Cl, Hf(CH,S8iMes);Cl, H{ CH2Ph)>Cly,
Hf(CH,CMes),Cly, Hf(CH,SiMes),Clp, Hf(NMez)4, Hf(NEt,)s, and H(N(SiMe3)2)2Clo;
ZrCly, Zr(CHaPh)y, Zr(CH2CMes)s, Zr(CH,SiMes)s, Zr(CH,Ph);Cl, Zr(CH,CMes)sCl,
Zr(CH,SiMe3)3Cl, Zr(CH,Ph),Cly, Zr(CH2CMes),Cly, Zr(CH2SiMes)2Cly, Zr(NMe)s,
Zr(NEty)s, Zr(NMe),Cly, Zr(NEt),Cl, and Zr(N(SiMes),),Clo. Lewis base adducts of

20 these examples are also suitable as metal precursors, for example, ethers, amines,
thioethers, phosphines and the like are suitable as Lewis bases. Specific examples
include HfCly(THF),, HfCl4(SMe,), and Hf(CH,Ph),Cl,(OEt,). Activated metal
precursors may be ionic or zwitterionic compounds, such as (M(CH,Ph); Y(B(CsFs)s )
or (M(CH,Ph);")(PhCH,B(C4Fs)s ) where M is defined above (and more specifically Hf

25  orZr). Activated metal precursors or such ionic compounds can be prepared in the
manner shown in Pellecchia et al., Organometallics, 1994, 13, 298-302; Pellecchia et al.,
J. Am. Chem. Soc., 1993, 115, 1160-1162; Pellecchia et al., Organometallics, 1993, 13,
3773-3775 and Bochmann et al., Organometallics, 1993, 12, 633-640, each of which is
incorporated herein by reference.

30 [0079] The ligand to metal precursor compound ratio is typically in the range of about
0.01:1 to about 100:1, more specifically in the range of about 0.1:1 to about 10:1 and
even more specifically about 1:1.

[0080] This invention, in part, relates to new metal-ligand complexes. Generally, the

ligand is mixed with a suitable metal precursor (and optionally other components, such
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d: H ~\\/\ OO Zr.~-1 Oi per" '"gyp/ I / p,. O G\ \V\V I \I 4
tBu tBu C | tBUCI Cl tBu H | \ V pO/ pC C6 9%\Cl NHOI \lI F\ C7
F [0091] wbes3smoney crystal structure of nolecule C5 is sheem/tuses/Bsgures | a
and I'b. [0092] The |igands, conplexes or catalysts may be supported on
organic or inorganic supports. Suitable supports jnclude silicas,.

al ;Jm nas, as B%ty@‘étjori)elmoif teer siplareonsiynve theallogving the migfure f%/lP"e?ngCt"éﬁ‘Bglﬁi tut ed
pol ystyrenes and _the 1] YRR s Ed S BRY%yi sedupdegd or not.
Simlarly etl??gé][?r?tﬁgen%ls%nléggrrrrlg&fxg@leg?he?g@ gﬁ)}%t S né);? %‘e?ﬁég% ' % ed on sinilar
supports kp@wBudd atnhesleli@ihd skinpleximayt eefoaned, viaeh foay bexaafalyst oHinay kged Chem
Rev. 2000, 100, 1347-1376 and Fink et al., Chem Rev. 2000, 100,
1377-1390 to beasiivgtedip bea caighst.i ncor porat ed herein by reference. In

addi tion, /448 %%%«%@Eﬁ%ﬁﬁ cgll?lbisexg@éfﬁﬂ}s'i Y cREinlEneRBE BRFadtbdizedqh her
catal ysts*in Single reactor“and/ or enployed in a series of reactors
(paral | el oeerlgmingdralierative descriptiofiorimonk emtiedinfenp dhy metal igarilesuepless WO

03/ 091262 PCT/ US03/ 12811. [00934 T{1e nmetal - | i artld conpl exes and

conposi t i GA¥e dirmioats Phelatingligap that may ecqupy “Pﬂo W FBPYIAISR Sﬁfst?ift%e sui tabl e
activator gﬁiﬁmd aLe ﬁle@%mfgﬁ{éa ¥athPlkRes @ﬁtalls\saéelcrégcﬂ&afa@ heiBg @laniced | vat i ng

package, ough sone o I 1 gand- netal conpl exes may be active w thout

an act i vatligands thatching &wo neyenenembepunetalBroyaldh yithtthe metal plosm wopatingihy

conpri se al unpxanes, . . .
P 10~ ‘metal atom as one member of the seven member ring). Also, in some embodiments, the

metal-ligand complexes can be described as having dianionic, chelating ligands that use
oxygen and/or sulfur as binding atoms to the metal atom. In still other embodiments, the
metal-ligand complexes can be described as having non-metallocene ligands that can
coordinate in an approximate C, symmetric complex with the metal atom. By

15  approximate C, symmetry it is meant that coordination of the ligand with the metal may
still be considered so that the ligand parts occupy four approximately C, symmetric
quadrants around the metal center extending towards the ligands L and approximate
means that true symmetry may not exist due to several factors that effect symmetry,
including, for example, the effect of the bridge. In particular, the bulky R? and/or R*?

20  group the ligand may be approximately C, symmetrically arranged around the metal
center. Figures 1a and 1b demonstrate what is meant herein by approximate C,
symmetry. Also, this approximate symmetry can be determined by proton NMR.

[0082] In some embodiments, the metal-ligand complexes of this invention can be
characterized by the general formula:

25 (4,2,0,S)ML, (VI)
where (4,2,0,S) is a dianionic ligand having at least 4 atoms that are each independently
oxygen or sulfur and chelating to the metal M at 4 coordination sites through oxygen
and/or sulfur atoms with two of the bonds between the oxygen or sulfur atoms and the
metal being covelent in nature and two of the bonds being dative in nature (i.e., oxygen

30  or sulfur atoms acting as Lewis bases and the metal center acting as a Lewis acid); Mis a
metal selected from the group consisting of groups 3-6 and Lanthanide elements of the
Periodic Table of Elements, more specifically, from group 4 (Hf, Zr and Ti); L is
independently selected from the group consisting of halide (F, Cl, Br, I), optionally

substituted alkyl, alkenyl, alkynyl, heteroalkyl, heteroalkenyl, heteroalkynyl, aryl,
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5 Lewi s acids, Bronsted acids, conpatible non-interfering activators and
conbi nations of the foregoing. These types of activators have been taught
for use vwoh3@9f2bErent conpositions or metal conpl exes i RCTHES3/A8k bW Ng
references, which are hereby incorporated by reference in their entirety:
U S. Patents 5,599, 761, 5, 616, 664, 5,453,410, 5,153, 157, 5&8}4&@

EP- A- 277, GBtereanyl, Mkeksl, atylatyl, silih beiylpbpsphyog gming dhioxggdkyliyp, payithio,
particul ar_.. i1 Qni G .0r 11 0n:. f ar 1 act | ay q_ r itable
on 1 or m iraefi o] s PAERRE Rhalafes L 3 AORAE, blfles ROShaTR
present i nuedbd, ellphaeyletites, thicethére And bambinstiensBhansf; end eptichalippabbe of
donating a proton, and an inert, conpatible, non;i n{jeiquéeri g, anion, X
Pr ef er r ed 1B91Edngroupeay Be dnkedyieeeths 7@ HESINEIUES: dodt tiZndt $%6h conpl ex

conprisin rges ' | B ' Nerchaihd gokgal |y,
sai d a%i Oﬁoogaﬁghlf} 39[%(5[3{5?%? P%nﬁ%@ym%%@gﬁ?%ﬁ%@ﬂg?g%@ﬁaﬁ% by ol efinic,
di ol ef i ni woanpdisingsabueedremembapaetatiscystes dotnard wighibords framils metgkaiomiioh as

ethers or nitriles. Suitable incl ude, . but_are not .Lipited,to
al um num &2t % er0510§}qaé-gm&§,ﬁ,i’b%aﬂ‘g&lgﬂﬁsf{d@ P& SgR1C g(]ﬁfnsa 8ot
limted t C}neth?ﬁ%{(I}Fl é:{aﬂ%?@@@ﬁbiﬁprif&%o Sldd-FRrMbefRBRYVA s @R edbiindge ani ons

that conprise c tion conpl exes containing 20 a single netal or
met al | oi d sptaificalyg theod arcati tegst, twaskVenkmonhemmeta les that areiginge t9gethgg h

d i ni ingle b i.n th i i i | abl
commer i al 1A gasbesybrsag Pty L e oolaiind il b et sitodhlnBd™, 2010
fol I ow ng ,9anRs&Ek1eh %Mﬁ@j/mm@erfcgl‘adifgﬁléﬂ Thug orvdremple) tHe" méts]-Agand wotrplex ewi s

base; (L*-H)+ is a Bronsted acid; - is a non-interfering, conpatible
ani on havibefpwa iscingregebodiment of #ngiinyep8omin i nteger from1 to 3. Mre

specifically Ad- corresponds to the formula_, (M 3+ Qh)d- wherein h is an
h-3 = d; I s=an nt sel ected from G oup 13 of
; | gng d Qi% independently selected from
= 0 a

integer from4 to
t he Periodic Table
) Kyl am do, halide, al koxi de,
aryl oxi de, hydrocarhb 2 uiis] | t uted- pyvdrocarbyl radicals (including
hal i de substi tuted f @-. ogenat ed hydrocar byl

radicals), said Q K ons-—Xln a nore specified enbodi nent,
dis one, i.e., t m negati ve charge and
corresponds to the S 3 s7e@mbet Si ng boron or

al um num whinthoatr’e par H=/1n the #gtal@yd8/ 091262

PCT/ US03/ 1&8thllocyg@e epar at i orbr@gingggog‘})yst s of this invention maybe
represented by the follow ng genheral formula:

where the complex includes two metallocycles bound by a single bridging group.

15  [0084] In still other embodiments, the metal-ligand complexes of this invention may be

characterized by the general formulas:

Il—n' I—n'
AR-YZ._ | _.Y°-AR v
ARX X-AR | e
/ ARX X°-AR
(VID) (VIID)

wherein each of AR, M, L, B, and n’, are as defined above; and the dotted lines indicate
20  possible binding to the metal atom, provided that at least two of the dotted lines are
covalent bonds. X, X’, X* X3, Y? and Y? are derived from the definitions detailed above

in that at least two hydrogen atoms are removed from X, X*, X”,X’”’, Y and Y’, ina

42



(L*-H)+ (J4) wherein: L* is as previously defined; J is boron or
alumnum; and Qis a fluorinated C1_20 5 hydrocarbyl group. Mbst

speci fi cawby3/0Q265 | ndependently sel ected fromthe group Pseluses/exsifromthe
group consisting of fluorinated aryl group, especially, a

pent af | uor ophenyl group (i. a C6F5 gr oup) or. a 3,5-bi 3 H3 group.
Il ustrat nmenerlﬁvwnﬁgtthqsﬁﬁfﬁkli‘l %1 %P@ﬁﬁ“@%ﬁ% Cg %@?ﬁ ch may be
used as ag act i yat t r £ nhh8ed SRUCONIBEL

catal ysts 8?” F‘?\ﬁé }k 8%(1 fg%ﬁ(%%%éstapﬁ%é%‘gﬁaft%%@a% aﬁtgror?lil%mesal ts such as:
trinethyl anhmﬂibé@éﬁskﬂhﬁmé harcai eetemwle,uhybmmmbodmemgwa;dwéna;ndbﬁr at e,

t | anmo tet h | b t |

et féﬁﬁé’ngmw? atedhe game bt GOEYRS AR iAPPERIR L HUR PR P e group

N, N-di Ee %(%‘f‘é?f l 'o@' ot &l w Pﬂ § bR Ny &R R b RA LA FBhHRE group
en ylan?’

tetrap or are, dlrre’n ni um tetr a-
(3, 5-bi s( bbms’idtimgro@‘ Ih@&ﬁldla{ hxkides agd Pifaticonally eubstltuted hydrocarbyl, heteroatom-

N, N-di nethyl - (2,4, 6-t | t et |.b
F et hyl Ao R H s RO PO ABRGS HGPARR 100 st HHABER um
tetraki s(pemp %)g];n{xéﬁ?g WQ‘E&WB JarOBE 3hiBe of Hl'ﬂ%fé?ﬁﬁﬁ@ﬁ&‘éﬂiﬂéf)@hdenﬂy selected from

tetrakis(pen uorophenyl ) borate, tri(n-butyl)anmmonium

tetral ci sfipegbap bmugbmg@rﬁypmonaﬂigrsabm’futcd amg@epmsphmmmmmalkoxy,

tetrakis tafluoro N di nid4

tetr aklpsgg ?W?I@S?%E’ﬂ@ﬂ%‘% Ilﬁf?rrg];ﬂ&b %W—I’&‘? gt ?/(F%‘ﬁ i%l %l%n are the same or

tetrakis( m%r@%tl dlaeraia@iﬁaelyénheﬂgr S tedNrdin tha@biy borlsistibg afbpmcmlmyl ani i ni um
a

tetraki s(pentafluorophenyl) borate, trimethylamoni um tetraklg % 3,4, 6-
t et r af | uorsopdticuiyd o, eh@aphnm; hwdtp¥n taHspmmrvliorewdmoxy, alkylthio and arylthi

as: i~ (1 Srang Fanwbt i SOPR R et AR pr AT gt sueh

dl cycl Ohe%Mﬂe@ﬂéﬂwme@oﬁ;ﬁédn@isﬁhgéfJ@@tgaﬁ | sutfug pRRARY e)ndbd?l%f'?-e N(&adlso that
tri-substituted phosphoniumsalts such as: tr] ph ‘bfﬁf) glﬁfnld.lrg

t et r akliss( ﬁanmércat@@ﬁm@ﬁ@rmtﬁlde@@dedtw@wmb@Wl$T6 ined above.
tetrakis( t pllggg,s&honl um
tetrakis( Eg(ﬂsttsgf ﬁﬁ@% %Ilbg)dlg%hgsf gTe lﬁf)[a%éahg%ﬁﬁlpam f’mﬁﬁfﬁ’ﬁf’gkl S(3, 5-

bi s(trifl uwhaeortibyd dpterpehgdabioamela: HNMVe( CL8H37) +B( C6F5) 4- ;

HNPh( C18H37) +B(C6L25)4 30 and ((4-nBu-Ph) NH(n- hexyl) 2) +B(C6F5)4 . Specific
(L*-H) + cations e N, N di nethyl ani | ini um and HNMe( C18H37) + Speci fi ed
anions are tetrakis(3,5 bi s(trlljl uor grret hyk)‘;phenyl ) borate and

t et r aki s(p% af nyI YHpor I enbodi ments, the specific
activator is NVe2hHB( C6F5) 4 %@097 O hgr suitable ion formng activators
conpri se a sal t\f cat+, .on| ¢ -Oxi di i ent 48 WO 03/091262

PCT/ US03/ 1 r! RI

" o‘
' 1 4
SN
SN

0 S

s "\

B’ R (IX)
wherein each of R, R%, R?, RY, R%, RS, R7, R, R%, R, R", R, R®, R¥, R”*, R, RY,
20 RE RV R®MLn,BXX, Y? and Y? are as defined above and as further explained
in connection which structures (VII) and (VIII). The dotted lines indicate possible
binding to the metal atom, provided that at least two of the dotted lines are covalent

bonds.

[0086] In still other embodiments, the metal-ligand complexes of this invention may be

25  characterized by the general formula:
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and a non-interfering, conpatible anion represented by the formula: (Oxe)d
(Ad )e wherein: Oxet+ is a cationic oxidizing agent having a charge of e+, e
is an intwgas/dnem 1 to 3; and Ad-, and d are as previ ouPCy/ubes/1ased.
Exanpl es of cationic oxidizing agents 5 include: ferrocenium

hydr ocar byl - substi:tuted ferroceni um Agﬁ13 or Pb+2. Specific enbodi nents of

Ad- are those ani §ns previously definediwith respect to the Bronsted acid
ially. 14

cont ai ni ng ;activatli ng cggat alfystswe espe(
S R )bq g Another suitable ion form ng,

t et raki s(pents spheényl at’e. YN0L98

activating cocg conprl es a co dithat is a salt of a carbenium
ion or silyl ca and a non-interf ¢ conpati bl e anion 10 represented
by the forgiva: Xe Jsi 00 carbeniumion or silyl
cation; and X is &s preV|Qus y~defi
trityl catigm, i.g trlphenylcafbenlun1 The ﬁkl cation may be
characteri zed ™Ry XE)rrrula ZA757 where each of Z4, 75, and Z6
is 15 i ndepends ct fron/t hel b consi sting of hydride, halide,
and optional |, ted a L kynyl, heteroal kyl,

het er oal kenyt, hé eroaR ynyl, aryi ’E}oé%yl al koxyl, aryloxyl, silyl,
boryl, phosphino, !am no, thloxy al kyl t hjgo0, arylthlo and conbi nati ons
thereof. In sone %nbodlnents a speC|f|%d actlva(ﬁﬂ is Ph3C+B(C6F5)4 . 20

[0099] O h ahisepagysi yatygn cataal,yss &1 fd t,hat is a
salt, whi cﬁlﬁllc%m}?égir gls{éﬁlﬁt e% ’l%i ?‘Hcei?fgr mi}I ak( %?J qumggé}n A* is a
cation of EnXrg€ amiYZireias demmbomgra@ueﬁ@éd eroOthﬂd asaﬁlaﬁer &pesnddigal |y 1
to 30 atons, not coHlnf1 dro{gI (‘gé further containing two or nore
Lewi s base ¥negtion %%aé\% ) g )ocﬂilﬁﬂ?‘é@%@qsénchcattévﬁs@l%lbmdmg
coor di nat eg th@n@tal &S I r@ﬂﬁed-ﬁ‘ﬁfé:tl@ag§ﬁvos6ftt e%tte%*hne@gge @Hﬁ gy, two or
more 25 such J* groups nmay be | ol ned toget I'n aV|ng mul tiple
Lewi s aci dio@871f lmmbiempatific gmbpdinsenss, ﬂwrthemefad)ﬂngaﬁd écﬁnﬁl@xesaﬁdmamvlanu@n and d
are integer roml to 3. with t viso that a x b is equal to ¢ x d.
See, WD 99?%%&%?Eﬁﬁﬂﬁ8ﬁ%ﬁgﬂ%ﬁéﬁFﬁgﬁsggﬁahere.n by reference.- In other
enbodi nents, the ghion portion of thesegpactivating cocatalysts nmay be
characterized by the formula ((C6F5)3M-LN-M"(C6F5)3)- where M" is boron
” whigh is specifically selected
de, di cyanam de and i m dazoli de.
The cation por 5 speciflically & ¢rnary am ne. See, e.g., '
LaPoi nte, et Am Che Soc. 22, 9560-9561, which is
i ncor por at gdl byvyZef er gnce, y$010 nagdition, suitable activators

include Lewi s aci sucﬁ“ashfﬁﬁse sel e¢ted from

from the group fing oﬂmcyan|.

------
~~~~~
.......
.....
- .

R® R® (XI)
wherein R%, R3, R* R® ,R6 R, RER’, M, L, n’, B, X, X’, and Y? are as defined above
10 are as defined above and as further explained in connection which structures (VII) and
(VII). The dotted lines indicate possible binding to the metal atom, provided that at
least two of the dotted lines are covalent bonds. In formula (XI), the metal-ligand
complex may also have approximate C, symmetry that may provide control of tacticity
in the polymerization of propylene to isotactic polypropylene, when combined with
15  appropriate activator(s).
[0088] In addition, specifics for the substituents on the ligands for production of the
particular polymers discussed above (e.g., isotactic polypropylene) apply to the metal-
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49 WO 03/091262 PCT/ US03/ 12811 the group consisting of tris(aryl)boranes,
tris(substituted aryl)boranes, tris(aryl)alanes, tris(substituted

aryl ) al arwe,03loseb2di ng activators such as tris(pentafl uor epivarsyd/}asor ane.

O her useful ion formng Lewis acids include those having two or nore Lew s
acidic sites, such as those described in WO 99/06413 or Piers, et al. "New

Bi f unct i onkgansl complexgsr Bradditia L awsdassydiussaf éhemataRligud mgle@ﬁ in fhe

oyt ho- Phen 5 ﬁ?l% Am
Chem Soc. %O%gﬁdi%%ﬁggggﬁgg%%r %%ﬁ?{%% ﬁi@v\lﬁsf% %ﬁfoﬁg%%sb P E%le%%rr}del n by
reference. th@likerarmﬁlhbllle ak @whnds tesedd SThal thétablgand\codmiixet oart lbmﬁ)ﬁnedl bgkill in
the art. In gener the grou vms acid act vators within the

group of |@ﬁh1?18\1‘?ﬁ W&éf’ﬁ%’?@??“bé‘? e ity Frch,as P Hﬁ%‘o?%oélﬁ?tél RJEFHERYUF rul e
can 10 d Q)‘c’an% YRe dodnpIBRARITR
listed eI ow %@gﬁ@%i?%ﬁ@%ﬁﬁ%ﬁ%ﬂf &ﬁgl%ﬁggt ?\c}gt ors 1?natye be 1Esed [oio 1]
Ot her geneinakntint Gandteprepaoed aoopingtdshaigaferd] s¢henze sholwarbeldwzat i on reacti on
may be used. Tl;lese conpounds_jrey be activators in some contexts, but may
al so serve oth functions i 3 R

al kyl at i ng®'s Rent er™ Iiengl ng 15 inpurityes
within the geg a8 def|n|t| "activator," but ar
herein to be Qr m ng @ 1S These corrpoun(;l

r eagent that
sel ected f ridw;
thereof, pis

y t

gr oup copsTs ng of B2YAI, Ga, RN
B\Z,/é @. is i ndependently g
consi sting ®f h ant optionally 20 subSti
al kenyl , al kynye, heteroal kyl g het er oal kenyl , heteroal k R18
heteroaryl, and conbi nati ons thereof gcROHe qe@ch D is independently selected
fromthe group consisting of halide, hydride, alkoxy, aryloxy, am no,

t hi oxy, al kylthio, aryl t hi o, phosphi no and conbi nati ons thereof I n ot her

enbodi nent h ou . act| r i

al umoxdhe EOBF\% gf‘ ﬁ??ﬁ?ﬁﬁ% 8@@%%30{11%121&@%8 W‘S‘é Fh 83 i ons
thereof. |mefll &rcuﬁﬂpﬂﬁheﬁﬁﬁﬁcﬁtlo@ t6iciile R refRIval off @ BASITL leﬁﬁMg lgﬁ)dpﬂ%indd’l at

is defined by the general fornula M R502_p>Dp, and p' is O linthis

enbodi nment Lawbichreosher i the echame as£ombiaingBijlza hysirogen (Hhe %@laﬂc SIRes i s

selected fromt o

conbi nat i ong‘eliehtg? lee% ﬁ’lﬁlgﬁouga falna gm%g“&%‘ ﬁen@éﬂesggga’t@a‘?n%ngg glo hretraagent
may be usepndw@touts ﬁeédrﬂpléxé:twntﬂmr igened dhclbdingibrexathpld, ReRtiamdwhere thu s
enmbodi nrent  R50 is as defined above, M is the_ alkal Ibé;%tq%lﬂand i.s selected

from t ke ghiga kmasissrifthether mpictiens.g. svherg thealkaliygeta ¢ ligradihesedof .
Addi ti onal Lyq ¢YAr08R0: A RiorirbARAS bR BimkiReS. 11 the catalytic

conposi tion or a
[0090] Specific metal-ligand complexes with approximate C, symmetry within the scope

of the invention include:
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to the polynerization system Silanes may be characterized by the formula
Si R504 _gDg where R50 is defined as above, gis 1, 2, 3 or 4 and Dis as
defined awowa/09mbz h the 50 WO 03/091262 PCT/ US03/ 12811 proTitso3/1dsat t here
is at least one Dthat is a hydride. [0102] The nolar ratio of netal:
activator (whether a conposition or conplex is __enployed as a catal yst)

enpl oyed specifically ranges from 1:10,000 to fically
from 1: 5000 to 10:%, Jnogt sheg i 3 g’ enbodi ment
5 of the inventior XtUI\ A : rticularlya
conbi nati on gr oup ]hg e- ol ar

rati o of group-JA
1: 10,000 to 1000:
specifical ly fFon 100 : ' @'HI&H‘(\LheO form ng
activators arexcdnbi ned mnth a gr [
conbi nati on of the above_conpounds
N, N-di met hyl ani | Laium t et aki s(g
equi val ents of [‘e oup 13 reag
ligand will be mYXedw th &
si mul t aneous w ]
VWen the lig xed @ .

conpl ex may be : b ' '@EE'

conpl exes and/ o ca%g*yst of~1h|s nventlon b ective at
pol yneri zi ng .@- [ WQ oY | ene, . S r~hexene,
1- hept ene, 1-ostene, angd,styrene)! @J

(such as 20 propyl ene, -butene, 1 -pentene, "1 -hexene, 1 -hept@
-octene, and styrene), and copol ynerizing ethylene\ﬁﬁr11.1 dlsubstltuted
ol efins (such ag i%obutyl ene). se conposi t feans mi ght al sogpol ynmeri ze

| ar func =qndlities in ho olynerlza iyons or

avi ng about 1 equival ent of
t af | uor ophenyl ) borate, and 5-30

[0103] In other applications, the

| e netal QﬁE& gfICh prior to or

25 1,1- and 1, ® |§U‘Wt,ftut~ QH8 S may b

general nononerg_us Wﬂ may be ol efi ni
havi ng from 2 @'l ¢ 5 her al o
nmononmers may iRel ude ol efins, drgbefins an sat ur at ed nonotgr’s i ncl udi ng
ethyl ene and C3 to  C20 4-ol efins such as propyl ene, %%-butene, 1-hexene, 1

-oct ene, 4-nmet hyl pentene, 1 or bornene, styrene and m xtures thereof;
additional ly, 1, substitute fins, such as

ol "o
S T O

[0091] The x-ray crystal structure of molecule C5 is shown in F igures la and 1b.
[0092] The ligands, complexes or catalysts may be supported on organic or inorganic
supports. Suitable supports include silicas, aluminas, clays, zeolites, magnesium
5  chloride, polystyrenes, substituted polystyrenes and the like. Polymeric supports may be

cross-linked or not. Similarly, the ligands, complexes or catalysts may be supported on
similar supports known to those of skill in the art. See for example, Hlatky, Chem. Rev.
2000, 100, 1347-1376 and Fink et al., Chem. Rev. 2000, 100, 1377-1390, both of which
are incorporated herein by reference. In addition, the catalysts of this invention may be

10 combined with other catalysts in a single reactor and/or employed in a series of reactors

(parallel or serial) in order to form blends of polymer products.
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i sobutyl ene, 2-nethyl-I-butene, 2-nethyl-I|-pentene, 2-ethyl-I|-pentene,

2-nmet hyl -1 - hexene, 3-trinethylsilyl-2-methyl- 1 -propene, a-nethyl-styrene,
ei ther alwpe3oe12étt h ot her nononers such as ethyl ene or E8TIUSOLZRB11
a-olefins and/or diolefins; additionally 1,2 51 WO 03/091262 PCT/US03/ 12811

substitute i uten The olefing |listed above nmay be
pol yneri z egou@%]]e 1 %Elee[?lei ; ram‘gc%;l PHPEx fc) Gompogt IOP%arﬁé‘ﬁEYea?aealV%tﬁny&aﬂE 11@)r

syndi ot act cmnbmahemwlmmaable actp@PEIDIh SR oﬂ%{éﬁ%tbﬂnéétivxtlﬂ%‘ﬁpﬁn&lhee&ﬂ ns
may be polynerized to produce a polymer with differing tacticity sequences

Wi thin t he2g6/iRg Paghage ltheughhsoaee hsfbg@}ﬁymetﬁeccsnpbmsamu bacivestifhouand

i sotactic al o chain These definitions are
i nt ended tgﬁ?ﬁg{& Z)r\(%%{&lﬂgg%wge]a% 1% GRS 1Y ConBTiealumexages anes
such as5 ( blitwaiiaeitls) Brawtedtacids) c&ﬂhphtlB}edioﬁfiﬁ&ﬂ@ﬁidg Betditdrs i €EDina s @F her

substltutegl?#S di en with the term substituted referré]r;? to the same
types of 21%ePént e?‘eetB’B?Sr cigatarsdpre P?Fnttﬁ’églﬂ@?flu@ﬁwl 1ffereni on.

Di ol ef i ns @(Lrﬁﬁos@t%ﬂérdr%%al%Qm%)lerkeginetﬂg%l?o%ﬁ%}e{fgren ofl ueqP;:lt %d di enes. The

styrene nononers maybe unsubstituted or s Yor e
posi tions momtveataﬂyyrafq:mgce imhkeivediretf: Ud. (Pla&htsrﬁsSQWGlhB%lB BYLH 433U 105

| | h h di ol ef
AR TR T AT PR B R UL D S X X S
[ 0106] 1dvbr 43 aaiphitfealdrYioniclor iGSf d(cﬂ%}grste{?@#) cilifpqcat al ysts of the

present invention are 15 particularly active i nonomer s,
par ti cul ar 10094]- Suigghleon fomuing CDMQomaisaJlsglﬁuia;s af actitvier mmnﬁbodﬁﬂﬁﬂfo!fﬂﬁ may

provi de hi i ncor par a r copol ymer et hyl ene and
co- rmnorrer@]gﬁaw ng ?ﬁ&%n]?}?ser?oq% o ’E°6‘ Qtﬂﬂéﬁﬂ?@)leaﬁ%ﬁ%m&a RSO from
ot her cat asnydsdrSinert;t congsitibRERor- Bl rin %aém&@n&' %@f&&e&%ﬁ@ﬁs)’a% the present

invention co-polynerize ethylene and styrene (or su tltute styrenes)
formng et FRAMENEE 3is{irgineordinaigrbeoppes 00199113,11’1@& sha;rgcabea:rmg Iheialprrepar ed

accor diqng S i_ncl u CQpQ t h_at
| east ioﬁze %gt og)welﬁgéhalnmp{)g&}%gﬁfl% 75 g?%lﬂ ﬂyﬁ%? {ﬁﬁg d!l.s\,\%@‘i‘ene
4- et hyl - |b;peiaﬁmngdlamnﬂoMt@namarmoﬁth&m&h&fneﬁ&M&mbé(yeé clas €ast
oneC3020 -ol efjn cogp efromabout 0.1 nmol . % a-ol efin to about 50

. % a- ol YR§TH OF Aifiles @é‘!al%}nﬂﬂ%b&b@mtnomﬂzﬂtﬁ@ to, Wvanioms gaid and about 50
e A S B056 4 D OR ey T

to about % hi gher o r-certain e
i nvent i on Slh@mol@qmmlndmcdmﬂﬁimghnﬁfhs dat edipti @ oddiflation &ﬁfﬂéﬂ@ﬁ@én‘c&%@c" ed

fromt cons |st| ropyl ene, 1-butene, 1-hexené, and 1- ocCtene
conprise %%‘H@S ﬁl?liﬁ‘gm 3Pl ieairse, welhlwrieand memse pepistlatlysuet y fr om

?gog'{)o lljt t ?gﬁﬁﬁdﬁd%ﬂ@hng%’sﬁ%@ﬂ&ﬁﬁ bionf¥Efle HRIOR pBRRE did GHilaye! F oM about 2
commercially.

[0095] Specifically such activators may be represented by the following general formula:
(L*—H)q (A%

25  wherein L* is a neutral Lewis base; (L*—H)" is a Bronsted acid; A% is a non-interfering,
compatible anion having a charge of d-, and d is an integer from 1 to 3. More
specifically A% corresponds to the formula: (M™" Q,)* wherein h is an integer from 4 to
6; h-3 = d; M'is an element selected from Group 13 of the Periodic Table of the
Elements; and Q is independently selected from the group consisting of hydride,

30 dialkylamido, halide, alkoxide, aryloxide, hydrocarbyl, and substituted-hydrocarbyl
radicals (including halide substituted hydrocarbyl, such as perhalogenated hydrocarbyl
radicals), said Q having up to 20 carbons. In a more specified embodiment, d is one, i.e.,
the counter ion has a single negative charge and corresponds to the formula A",

[0096] Activators comprising boron or aluminum which are particularly useful in the
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30 nol. % conononer and nost specifically fromabout 5 to about 12 nol. %
conononer. [0107] Novel polyners, copolyners or interpolyners may be
formed hawong/oemszjue physical and/or nelt flow properti e®PCTRs031230V el

pol ymers can be enpl oyed alone or wth other polyners in a blend to form
products that maybe nol ded,_ cast, extrudgd or 52 OaégﬁEZGZ

PCT/ US03/ Treperaticamfatatysts qfdhis ipvsptipmmay be yeripsentpd by t opiRe gl yst s of
this inveq%hﬁ&ajnclude films for packaging, trash bags, bottles,

contai ners, foanms, coatings, insulating devices and household itens. Al so,
such functi onal{2edHpqi@gers are useful as solid supports for

e e AL Repicsoftl O iS5
gener ate 'Iﬁfa}@cﬁfﬂgﬂ: gﬁfﬁlgim R Reidafly Q) idBAEpHAbRGE defechRAl ford 1) #bhs.  For

exanpl e, 1I-buten e polymerized intoisotactic poly-1-butene.
Addi t i onaldelectededican tHeedromscamisting op Bharmatddzssl grouprespretadlyaa pol yner with

differing tactjcit ithin t in, .
b0l y ot oo RAEEGIPP R B e F C ol oM ot U CEIREE et Ao s ame 10
pol ymer chgj ot iTARing! &P QBH R dbnifRYnBEwhivth@hdyud ©dd By asb@ivegeg rors, in

particular isolated stereoerrors, which is an indication of enantionprphic
si de cont ravicatalissio the prgparetiew pEthaiignrovpé casplysts of thininypatiqnese fEpybstituted

pol ypr opyl ene paol [ as it. is cri i i t.er e.g.,
Resconi’ etarﬁrp‘?&u“%%ﬁ%gﬁiﬂst 35“1?%%@?“&%18 ngjglﬁ’%el?rfﬁg%}l&%ﬂg %tg’ntﬁ\%\nﬁl@ %n{nﬁ;gﬁa | ocene
Cat al yst S,fétr@]ﬁﬂ}r]lbfa’fa‘t’e, t2510Py1aRhobAH3 tek3ABInyltobatk 0208 bulyDeenmpam f i cal 1y, it
has been found that particular catalysts of the present |nventjon

pol yrer i zeteamisyylbate &iitdytalsmmeonsin sriaphenylberatepliy gy }’]éWélPl%r M ng
POl YIer's WeldhiRyiBhrh! %@g&h&g@ﬁ% %@B@W%@a@f NN&&?&%&&&M}{%&BN lene

properties are 0 i ne nerization tenperatures I s

sur pri si ng3,3-biseafliorottettyl)phersdbatits, N, Nediyetlopy2,4 betricethybanifmiosyced havi ng
a narrow pol ydi spersity (e.g,, less than 20 about 3.0 d nore specifically
| ess tHan tztra)heéﬂhsraﬁﬁe@W@HIW%WHM&%P%W@H@FW@B?@% greater than
about 50, o shecl.fl Qﬂ#ﬁ) BRnRANd even nore
speci fi ca?tlglgthar ea".ﬂgr%ﬁé%%hh%a%%%%@:gﬁ&ééso u |}on pol ymeri zat i on
process attetrakit@amefladropkenyf) bpraatts m-bitshambootun doakistrenefilspephénybal | y
greater than 110C apd even nore specifjcall reat her n 130C. In

addi ti on t%aﬁesﬁ'f%gﬁlté’ﬁmﬁ %tr@ﬁléfpﬁfl{?gﬂ8’é’§h%§'%oa?ﬁrﬁtgr$$ n enmbodi nents of
thi s i nvengh,Qm FaR1ARMAE R BEMIRoSIRYYD bofle, deNeGbthblagilingimmg 13C NWVR

regio-errors (also known as regio-irrgularities). This is shown in Figure 2
wher e the tetgkispentafinarophenyhdrorateddN-dinethyld2 deb-trimnaihylawitinimm) c

LB oY R RO R o R el iSRRG 13 05, voin 190

tetrafluorophenylborate and N,N-dimethylanilinium tetrakis-(2,3,4,6-tetrafluorophenyl)

borate; dialkyl ammonium salts such as: di-(i-propyl)ammonium
tetrakis(pentafluorophenyl) borate, and dicyclohexylammonium

25 tetrakis(pentafluorophenyl) borate; and tri-substituted phosphonium salts such as:
triphenylphospnonium tetrakis(pentafluorophenyl) borate, tri(o-tolyl)phosphonium
tetrakis(pentafluorophenyl) borate, and tri(2,6-dimethylphenyl)phosphonium
tetrakis(pentafluorophenyl) borate; N,N-dimethylanilinium tetrakis(3,5-
bis(trifluoromethyl)phenyl)borate; HNMe(C1sHa7) ' B(CgFs)s—; HNPh(C15Hs7) B(CsFs)s

30  and ((4-nBu-Ph)NH(n-hexyl),)'B(CeFs)s—. Specific (L*—H)" cations are N,N-
dimethylanilinium and HNMe(C1sHs7)". Specified anions are tetrakis(3,5-
bis(trifluoromethyl)phenyl)borate and tetrakis(pentafluorophenyl)borate. In some
embodiments, the specific activator is PhNMeZWB(C6F5)4_.

[0097] Other suitable ion forming activators comprise a salt of a cationic oxidizing agent
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et al. cited above. It is intended that the 13C NVR used herein are typical
for polyner 30 characterization. [0110] The isotactic pol ypropyl ene

pol ynmer s Wworoa®gii2bz om t hese catal ysts in a solution pol ymPCrasn/@siprocess
can be produced at a higher tenperature than has been described “before,

such as at a tenperature of greater than abo 100C, nore specificall
glrjeater 532043 @@W}E@@E%@gp@mﬁ%%@m%ﬁ&ﬁgﬁxw foraulay en goria | Y
specifically grﬁ,@g gg d-ﬁan 130C. The polynerization conditions are
descri bed hereih, producing isotactic polypropylene with a crystallinity

i ndex of behevern OxBoist cBti@Sc ariiziagenOhBang avhags phet; fiis ah Ingedeefraeeh  about
0.65 and 0.95 and. in. sone enbadi t pecifical Ly above .about 0.8, under
the pol ymePis 20 G- 574 Bth A Rou feed, Ermples ot Fafom peigiringgine

det er m nNedipuRidBIeFoéRida, ARIréRYLsiSstinitb®&robnifil W' idp Pbi?e Setisnd
calibrated based on a relative scale. In one enbodi ment, the crystallinity

i ndex val uembedimints 98T are Hode asiongpreviensly defintd/with s¢spediite iR Branstedadipnent
(such as a_ Bruker uinox 55 with an.lL.R Scape Il jin reflection node using
bi ke Napp! FTLOR DRareyt e hepteintl, Sr e et Brendib Pl the rati o
of band 10p0bsd)9Ahsthet suPbleGon forftih, Adtd atiy Locafdl e icbfpHSdsydcRNOuBAEhRaS a

rati o of band heights or «crystallinity index of 0.2. Geater than 98%
i sotacti c pealipiragmyhenian iemsorsilyt gasioalapd ginoy-interfgang, campatile agiogat er t han

0. 95. neral | of error in crystallinity index neasurenents
is O. Ogj.e Prgﬁ%/e%r}tec%?i%h%gﬁggﬂﬁl\a}a” ous conpositions show a linear relationship

bet ween % i sotacfAtity and crystallinity index. See, for exanple, J. P. 15
Luongo, J. Appl. Rolym Sci., 3 (1960) _ 302-309 and T. Sundel |, H.
Fager hol m WhereingCh 45 & f1-1p&pspsiunsipn of sihg)cations and 73 isjas praviusly definedh 4 s

i ncor por at rel f. : 11 ki 4 il
Irecoglr[:i ze, ﬁ% gegfeg?%ul% g?%ﬁ)r/n %glﬁg{afﬁggg%g&%b%gs@ﬁ%%% egjpug?'c?ﬁ% sl (laﬁ%tgtgisﬁ% ,/asnv"r\:m)
as det er m bechabcterBEd MyRsentlads ZOpBiT dtiohonhate eabpdfetf, Z2and ZCisNVR

spectroscopy, can b rformed using conuercially.avail abl e equi porent (such
as a Bluke dwgwﬁy ec ‘?Sidgglﬁrt 0&1@%@}%}9& PZ;W%/IH%@I ?IQ%H?%OP&WQE%W ee of
tacticity I '(g;pjggq Syl he review
Bri nt zi nge%?blglt.1 H et %@Fﬁﬁ?&n&gﬁeﬁ&l’&%ﬁ I n{ﬁetéég?&%%é’. ﬁ%g%l?yﬁ’%r 1143, whi ch
i s i ncor pohettredryhellaixyl, byyloeflesihdoryl, phrmpes caominp, By alkRgthio,200i6hio,100,
1253-1345 and G.bsgn, et al., Chem Rev.. 2003, 10 25.283-.315). For

oxanpl o aREeoRPIRES FUHHE I e G0 & o 25 bt o of
C2D2C14 anphE28{d,Fy—heating the sanple to ca. 100C. The %nmmmiis

determned by the ratio of peak integral from23.5 to 21.5 ppm and peak
i ntegra0 2[90%9]t Otheo swifablq dativalieg cocatalysts comprise a compound that is a salt, which 1s

represented by the formula (A*™)y(Z*] *)°4 wherein A* is a cation of charge +a; Z* is
an anion group of from 1 to 50, specifically 1 to 30 atoms, not counting hydrogen atoms,
further containing two or more Lewis base sites; J* independently each occurrence is a
Lewis acid coordinated to at least one Lewis base site of Z*, and optionally two or more

25  such J* groups may be joined together in a moiety having multiple Lewis acidic
functionality; j is a number form 2 to 12; and a, b, ¢, and d are integers from 1 to 3, with
the proviso that a x b is equal to c x d. See, WO 99/42467, which is incorporated herein
by reference. In other einbodiments, the anion portion of these activating cocatalysts
may be characterized by the formula ((C¢F5)sM™”’-LN-M""’(C¢Fs)3)” where M*” is boron

30  or aluminum and LN is a linking group, which is specifically selected from the group
consisting of cyanide, azide, dicyanamide and imidazolide. The cation portion is
specifically a quaternary amine. See, e.g., LaPointe, et al., J. Am. Chem. Soc. 2000, 122,
9560-9561, which is incorporated herein by reference.

[0100] In addition, suitable activators include Lewis acids, such as those selected from
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absence of significant chain end regio-irregularity signals in this
region). Proton decoupled 13C NMR spectroscopy can be also performed to
det er m newOhg/0dn2erjuency of 30 and nature of stereoerrorsPERASOFPSOESr I Or S.
[0112] In addition, the nelting point of the crystalline polypropylene is

generally in the range of from about 115C to about 165C, . i ficall
bgt vv;aeg Sglﬂmmolmz capsiptinlg of S5GryHberanes, %ﬁ%‘b%%iaﬁ%ma@ﬁég?&ﬁﬁqpeggbxg Y
abou . . ; I ned
by di 11 or ShCP R ks Bl A A A KRR o T e
ex ?rrpl el SQﬁhéﬁi@efuh%ihet})ﬂv)ﬁngg&hk&Bz}ciﬂDMelud@dioymha\sing top ot yerIsevas acidic
I nterpolyners may be fornmed havin I que physi cal, d |t fl
properti e§%teﬂ?élll@r?ért§0sﬁl‘il§§°r@§ﬁ 1%3\7(89%&8@@0%%% g‘lfegv é%ncq%nﬁ esg\rllvt
| nvent Lon pe%y%% P AN ‘?ﬁ ROROIYIRE R 1) B @k oF#BFheANBN{B1iE28 a- ol ef m
particul arly 1- u¥ene, 1: xene, 4-nethyl=-|-pentene and 1-octéne. The
e a s e ity

. . i.gher .ol efm abo . I gher ef.in,. .nmor
speci fi calbPih oirhf B'ES’L}PCQSP?W%%W Eﬁé e@p%q.iﬁhfzgusegg%yv I%WI%W%B% gher
olefin an%vﬁfoe)qﬂhtb tﬁ&re%fgﬁﬂﬁhftﬁ&ﬁ{.l M geh&m,@b@n%tbgﬁ oM efshiciinetivabafisn 10 to

o hi ghe I odi

about 30 wt .9 r olefin. For certain e ments of this invention,
cryst al | i nethic depairyureeion feimidg activetnss (rithpugipsacepidonsria this sgwpHsHerca’el ect ed

fromthe gr consi sting of eth n 1-butene, 1- ~.and 1-octene
conpride &’F%ﬁﬁ@é&ﬁ GO} ten%@uetx\égﬁe&;}e_ g%og%flrgﬁ%alggr ,Sﬁ%ggglgggci fically from
about 1 t CAEROHAAS ofon fAmERIRAGABK mSMeRuseBr e speci fically from about 2
to about 15 wt. 9% conononmer and 15 nost specifically fromabout 5 to about

12I Ww. % lc[@‘rmhd})(f_hct %ep@méa%ﬁvms posENPPEs el ip dpokymEIZton Kastiqn may
ol ypropyl.ene i . i
POl YT OPY beév%;‘q. ﬁtﬁqcsg %‘E%PWIHS sEhdy bceae[&gggtm&sﬁgh@% %g;[n%;éfrg Mut %aa)r’%li eRi Rher

nat ural or rs1’na blen nat or synthetic
pol yners cancthes Rotheohh@netiéh setendisnch 4 alkgntihoaumdehsérttyr orpoivengingl ene,

e Lo L o L DA Pttt Bd 18
pol ystyr en nsigjﬁ%& lhgl%rl{% &%BH—'TI“ i% Eftiﬁ%ré'.si"ﬁéég @Sﬂnﬁoﬁﬁdﬂﬁ&ﬂ@é & %)ﬁﬁ ng
y ethy C3-

copol ynmersahd terpolymers o ene-styrene and ot her O ol efins
(such” as peamt Saehay b6 thahctbitdd Hyl thevforatuba GNRF}.,Pewhersl G P isssidctsdefremd

copol ynmer of pr | e 4- C20 a-ol efi. '
cope e o b ST e oo TS CE20, Ro Py | Tegapien,
enmbodi nenti?fl@%ﬁl{}‘lt% s('ejf%\éﬁﬁtﬂd?ﬂthetéﬁuﬂ\@dﬁsisﬁné Bf f_i}hﬁide?ﬁlﬂﬂlgpilnd% Bhalll; 000,

nor e speci 1-500 and even nore specifically 0. Fl'ex nodul us
for 20  substituted alkyl, alkenyl, alkynyl, heteroalkyl, heteroalkenyl, heteroalkynyl, aryl,

heteroaryl, and combinations thereof, and each D is independently selected from the
group consisting of halide, hydride, alkoxy, aryloxy, amino, thioxy, alkylthio, arylthio,
phosphino and combinations thereof. In other embodiments, the group 13 activator is an
oligomeric or polymeric alumoxane compound, such as methylalumoxane and the known
25  modifications thereof. In other embodiments, a divalent metal reagent may be used that
is defined by the general formula MR, D, and p’ is 0 or 1 in this embodiment and
R>® and D are as defined above. M’ is the metal and is selected from the group
consisting of Mg, Ca, St, Ba, Zn, Cd and combinations thereof. In still other
embodiments, an alkali metal reagent may be used that is defined by the general formula
30 MR and in this embodiment R* is as defined above. M” is the alkali metal and is
selected from the group consisting of Li, Na, K, Rb, Cs and combinations thereof.
Additionally, hydrogen and/or silanes may be used in the catalytic composition or added
to the polymerization system. Silanes may be characterized by the formula SiR’ 04-qu

where R* is defined as above, q is 1, 2, 3 or 4 and D is as defined above, with the
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pol ypropyl ene and copol ymer of propylene and one or nore C4-C20 a-olefins
is measured according to ASTM D-790. In sonme enbodinents of this

i nvent i orwvotobe92bex modul us ranges from 20, 000- 400, 000 p®CT/USLS/€2811
specifically from 20, 000- 300, 000 psi and 30 even nore specifically from
100, 000- 200, 000 psi. Notch izod inpact for polypropylene and copolyner of
propy| ene pamdscothet thereripatdedst om2D thatdh abyddds-s neasured according to ASTM

D 256A. | enbqdi nent this. i ' : ' q
From 0. 1 Q0% Thedanen fop oy pik eil v R Do RS B UR R BT o1 T6)
(T;le g?\éfe: ea@é%@a;awloga@s@treﬁ@mlspaaﬁgmy ahgR)tané: 1[80d0do &0, moree C4- C20

- ns disclosed in the present inyenti f i d
var ety ofpeppraldramanssioD bt cag prAHEIDLEER 4D B Slrinet Ehe R
clari | an ti- | , ) : ol
Crays. dnd 0 aorlie b XSS L WSk om0 RO WA Rk Bl B BURROR h ae
st ruct ur alofbeasE) 13 Raget aadiahicasfopaingbictvatat. eFhepiplar satid dfigndvp IPrreagant e

pi pe), tonotive, ts, and ot | i ' ] '
Phose of . tek-orminassivaier 1 spoainsgtinire 1o bR PR Blarewerioths B el ¢
dr awabi | i t1y5(§d6§§151 Hé;gdnfé)?t s?)’ﬁ%iﬁ):alfyeﬁBﬁ I:FU()etoCi@O?iU%%ﬁotﬁ&’r dhhddiment, the ion

("taki ng-yp' ran S nol“ten pol ynmers or bl ends at 10 constant
accel er at ifofininghitivaers akagetooslwith a groupxiFarcagabt Another erapodivapliiF ées a

capillary rheoneter _agnd._a Rheot ens arat us .as_a takes device. Th
mol t enfOst regfpinatigp ot é&kﬁvﬁﬁ‘i’%ﬁi’%dﬁg‘gﬁl}g gg%%tl e&P1nge8E?%lrjgt i ﬁ\él ?\ieps I gcat ed
100 m n bey N’-"dﬁﬁ%ﬁ}}qérﬁlinﬂiﬁ?tetr&lﬁﬁ@@ntﬁﬁﬁlé&bﬁl@éiﬁyl)cbo&ﬁté,%ﬂ61-3Q/ecﬁm‘ra%ﬁﬂs éte strands

is recorded as a unction of the take-up velocity or the nip rolls. In the
case of pdbmpopri3medgest. exhi biting draw resonance 15 (indicated by the onset

of a periaodic cillation .of i.ncteasi ng.anpli 0 force

profile), P8I ﬁ@)ﬂﬂ?ﬁﬁ APPILGAEans, Cj\ﬁflé‘ i g{% ,Xf’{i,{’{’%gfa o ﬂg&l{lﬁﬁaﬁ?ﬁ%{c of " dr aw

resonance co%ﬁ%uﬁ@?ﬁ@r @%rsheultRkbusskitle Addwing ik Midtireds Bevadithéted/to the

respectively. In the absence of draw_ resonance, the naxinun1forﬁe aa;ained
-lggen

dur i ngist eseaqtants.sWhehithreligand it méxadevith themasighniecyter coRROYKl, 8 &ngi3l i ch
Cypi cal'ty Faibiaray O RIS, PR A et MY flow rate 1,35 grams/min
Tenper at urp104pOthe dcauidsitngtdoatpléiesend/or d:2d(td Of thisnuvesioDiage Otiduléy t h
entrance angle of approximately 45 degrees)
effective at polymerizing oi-olefins (such as propylene, 1-butene, 1-pentene, 1-hexene,
1-heptene, 1-octene, and styrene), copolymerizing ethylene with ot-olefins (such as
20  propylene, 1-butene, 1-pentene, 1-hexene, 1-heptene, 1-octene, and styrene), and
copolymerizing ethylene with 1,1-disubstituted olefins (such as isobutylene). These
compositions might also polymerize monomers that have polar functionalities in
homopolymerizations or copolymerizations and/or homopolymerize 1,1- and 1,2~
disubstituted olefins. Also, diolefins in combination with ethylene and/or o-olefins or
25 1,1- and 1,2-disubstituted olefins may be copolymerized.
[0105] In general monomers useful herein may be olefinically or unsaturated monomers
having from 2 to 20 carbon atoms either alone or in combination. Generally, monomers
may include olefins, diolefins and unsaturated monomers including ethylene and C; to
C,p a-olefins such as propylene, 1-butene, 1-hexene, 1-octene, 4-methyl-1-pentene, 1-
30  norbornene, styrene and mixtures thereof; additionally, 1,1-disubstituted olefins, such as
isobutylene, 2-methyl-1-butene, 2-methyl-1-pentene, 2-ethyl-1-pentene, 2-methyl-1-
hexene, 3-trimethylsilyl-2-methyl-1-propene,a-methyl-styrene, either alone or with other

monomers such as ethylene or Cs to Cyg a-olefins and/or diolefins; additionally 1,2-
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Capillary Iength 41.9 mm Capillary diameter 2.1 mm Piston dianmeter 9.54 mm
Piston velocity 0.423 mms Shear rate 33.0 s Drawdown distance (die exit
to take- woObB09mmM sheels) Cooling conditions Arbient air PCAAiSel/esati on 2.4
mms [0118] For sone aspects of the present invention the novel polyners

are useful to produce foans having inproved praoperties._ For, foans, and
ot her applsitostititodhslefiassueh ay2-baeneyTaae-obeling Jistdrhexsympy bgpalymeared n a

Lo, AL o B0 e Ly

the range : I'ca 0.5-2. The nelt
S}u r engt h 'p?l}&)Y@ﬂ?i_el yﬁrclmitﬁﬁiaﬁy thetdaal:ﬁﬁs atly bepotynspized to pallbee gpdamer than 9
cN and nost specifically greater than 12 ¢N. The drawability js typicall
greater t_h’?ﬂl I?feﬁﬂﬁﬁaﬁé@lﬁy FRemencep Bathi @gu)pf)'n@qrgg@g,rsug &ﬁp%lgp’?¥’ﬁirﬁ1§ e%:/pand Y
nost speci fi . I : PEk f th
cont%fhlnlcl%?tg%tﬁcaén?i 1sc§thﬁ{§oﬁ%§uéM§\?ﬁhm[tﬂé-§eaZAe iy Ehafie § O e

present inven he nove nmers discl os erein are wuseful for a
wi de vari elefin@iongpRlihteadddosndhédr eyctie otedine. Dipdlefies gepempy compysar e

beneficial. doss is asyred a di 0 ASTM, D- 1746. |
nccor d ng lirdikaTNRIch A GORT B S-HEE PR SN g SRSTM D 2457,
The novel SHQ&%E@&ﬁflﬁeﬂﬁssﬁzlitgstﬁ‘@teﬁﬁrs%éﬁtdt@d APPEng SP@esBma ifpek of M8 havi ng

Ss than I0% I1h a fil h

haze of Ile dition nms having clarity of greater than

91% nmay beubsgitedrtciefirted tohbavenadhe {iddin feotigmePiotefirisatso compaised ed out

under pol ynerjzation conditions,, i,ncludi tenperatures of,from-100C to
300C aid plpng‘gée&??%%n‘?‘?tg?ﬁ Iﬁ’tnﬁ‘i?%?efi I?HSS'Sng)StyE?P Oﬁlﬁgregssm 5éhéspensi on,

sol ution, ﬁﬂsﬁﬁds&ii‘utecﬂéﬁsd%@rﬁ%d% oflé SmBreqsBHtions BRthenmyli v e ukb ofr ocesses
maybe enployed wth the catal ysts and conpounds of this inventiagn. Such

processes dialafibeinrthis invension & fyhicaldein copfinson itherethamaBomeidbat iERghd| es of

such processes are well. known, in e. . maybe
enpl oyed, ‘ﬁ?ﬂ%ﬁﬂ' .ﬁh%n%%ml?%ﬁpmagﬁi %Cefytg%né%ﬁl % %%Peﬁgﬁénngfange%%g& %‘é%hﬁ%&r@? e or
silica) orpfyeyaiote dpotigioalds ithaspey/foand diat efeaatdystsnifahle prbymninentidtetteods
for the preparation of supported catalysts 20 are known in the art._ Slurry,

suspensi ompariasarhantive dorcterpigrmpramusmertubebsseleins. Thwo e eblysode
skilled i nthg Bl?esgr{ttin% ioh lmsa?' pl%gvi & ﬁl%h\é\lﬁ: c:'[orr]nosnl“o'%? {r}cg%o&\‘aﬂfoﬁl fXISl‘cﬁ)ofgmérp G6f
ethylene and co-monomers having three or more carbon atoms than is currently known
from other catalysts. It has been found that particular catalysts of the present invention
co-polymerize ethylene and styrene (or substituted styrenes), forming ethylene-styrene
20  copolymers. Polymers that can be prepared according to the present invention include
ethylene copolymers with at least one Cs-Cyo a-olefin, particularly propylene, 1-butene,
1-hexene, 4-methyl-1-pentene and 1-octene. The copolymers of ethylene with at least
one C3-Cyg 0-olefin comprise from about 0.1 mol.% o-olefin to about 50 mol.%
o~olefin, more specifically from about 0.2 mol.% o—olefin to about 50 mol.% o—olefin
25  and still more specifically from about 2 mol.% o—olefin to about 30 mol.% higher olefin.
For certain embodiments of this invention, copolymers include those of ethylene and a
comonomer selected from the group consisting of propylene, 1-butene, 1-hexene, and 1-
octene comprise from about 0.2 to about 30 mol.% comonomer, mote specifically from
about 1 to about 20 mol. % comonomer, even more specifically from about 2 to about 15
30 mol. % comonomer and most specifically from about 5 to about 12 mol. % comonomer.
[0107] Novel polymers, copolymers or interpolymers may be formed having unique
physical and/or melt flow properties. Such novel polymers can be employed alone or

with other polymers in a blend to form products that may be molded, cast, extruded or
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invention. [01211 Qther additives that are useful in a polynerization
reaction nmaybe enployed, such as scavengers, promoters, nodifiers and/or
chain trawefienorgents, such as hydrogen, 25 al um num al KyIC3/ts0siisi1
silanes. [0122] As discussed herein, catalytic perfornance can be
determned a nunmber of different ways, as those of skill in the art wll
appr eci at spunCairsliuses for ey fdymarsaeadsaritibihe caalystsafiig 1Wn§1%11‘)9f‘@f3 igp

pol ymer oht ai ned.per e of t I .6h.d S may be
Consi der ot ace R o bges il SmERER: B Wafilel hupiife deatigpus My
conpar i sofsusehOHIR msANILdSichRAS s liaEd pelymbissire peifylmesolidsippnrtpéorf or mance
IS co-nmononer incorporation. As is well known in the art, many ethyl ene

copol ymer srganempiallissarehiemies] pigthasisyiresssseind at | east one ot her nononer.

h aner S andHPE e SLalfi Hliaf A05E A el R IS SRRUE N ik €34 ©
PCT/ USO3/ %g@b} ¢ i0RNEic RE SThdR6ta&Id GrlemMsbiactidoip-oc llefihy. SFer.ex@inplee 1 dubenkene
tends to the nost reactive nononer, obtaining higher co-nmononer

iT ncor po ][ a]&ﬂa@nﬁ: fobyraerived éfitotisdtiwdic poly-Ebatenae Adfisionalioibpweplesing mes beat al yst s.
wo useful co-npnoners _are 1-oct t . Thi [ '

possi bi | | wlymerﬁ%mmﬂ#ﬁ@cﬂ%%ﬁgﬁh g;}? 51gﬁ%ﬁﬁﬁ§ P%quéﬁ%ﬁlvg%ﬁ@%egl%noéﬁé&egsa;ge
styrene. L;joﬁf'%uscﬁﬁ\sl\ﬁ{?lﬁﬁﬁﬁgﬁﬁé hiitainthSRhdtic 208 i§NARE0 S6qUeticssnegiih tiackater

certain bene - _ sol ution process being run at a tenperature
above 190Cpolyptiee chgiac The swkdoyegulariy magrhsdntgtrupied 5 Geecoro0t; i RATHAEAT nor e

specifically at a tenperajure above 110C. and. even.f

spleci fi _cal“f“}(at%l‘ﬁ Stﬁref’%‘irﬁr‘gfér‘g%’ﬁ#‘és %{b@é af}% .engml?nal%&gl cssg(?et/éel%t&rg ﬂ?%fsolo

pol yner i zatd: 0hdhs 6hiBRheGREeA Mahé Retactidpsliplobsiehél polyimeanpit ésddsadbedda
strai ght an%_a‘f)ranc%gd-egﬁaien hydrocgféogs?gt?gﬂ]éaspiog?gu??ne, dlzs)u_t ane,

pent ane, itbolitertemdsechegaResconl gighe XSelectiviiy 3mp1l@g@lm{1zq1tgo(§1p\§¢h E(r) and

m Xt ures er eof ; o al 4 ' y calsRons such as cycl ohexane,
cycl ohept Q\H%t,a ?@Pﬁ%ﬁa@?@l Soﬁég%tﬂ'el,k&y%?Qf)}lo@yg‘{%h%é?gne, and m xtures thereof;
per hal@gengfoaf My Pearibans itHis beasfoubd fiat partionlanaitAgstCaf the paiskznes,

chl orobenzene, and aromatic and al kéil substituyted aronati c .compounds such
- ssalaciis pesiestalie palPE RIS oDt

as benzendnvansion @abymeiEs PropyEsHe to &g SO
i nclude liquid ol efi ' RV ' Faadi N
et hyl ene, p%bp‘g ;Sllwgtfrl\len?)%if-,\@ﬁﬁ %Hg? ”Blﬁetca%) [ e%ée{{,bﬂéﬂﬁ og%cgg gne, - hg?é?\ﬂgﬂléé )

1- pent ene, tha-seblitiinedl apigghan®lymeizatonjempergrames esmirprising. Haxpatticatee,
1-octene, 1-decene, isqbutylene, (ft ycri%neih narr dispersity (6.c.. less th
isotactic polypropylene ¢an be produced havihg a narrow polydispersity (e.g., less than
20  about 3.0 and more specifically less than 2.5) combined with a high molecular weight
(e.g., greater than about 50,000, more specifically greater than about 100,000 and even
more specifically greater than about 150,000) in a solution polymerization process at a
temperature of greater than about 100°C, more specifically greater than 110°C and even
more specifically greather than 130°C. In addition the isotactic polypropylene produced
25 by certain embodiments of this invention can be prepared with few or no detectible using
13C NMR regio-errors (also known as regio-irrgularities). This is shown in Figure 2
where the regio-errors are not detectible in certain isotactic polypropylene polymers
prepared as discussed in the examples, using 13C NMR methods as described in Rescnoi
et al. cited above. It is intended that the >C NMR used herein are typical for polymer
30 characterization.
[0110] The isotactic polypropylene polymers formed from these catalysts in a solution

polymerization process can be produced at a higher temperature than has been described

before, such as at a temperature of greater than about 100°C, more specifically greater
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20 di vi nyl benzene, allyl benzene, and vinyltoluene (including all isoners
alone or in admxture). Mxtures of the foregoing are al so suitable.

[0125] | rwemsmorabodi nents, a solution process is specifi @dTfusp3/casyst al | i ne
pol ypr opyl ene production. The solution process to prepare isotactic

pol ypropyl ene conprises adding a catal yst_ and opyl ene nmoponer to a

react or atlnsliff@end expninere specifiedtivesreashergh %1%&@ %ﬁﬁpb’ﬁn%ﬁﬂ‘i’lh ons.
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herein by%b&?g‘r)%sn%rgﬁgﬁezdﬁgﬁ%}%% sc? gg%g (%S oﬁ%ﬁ%%gm%\%ds In this
regard, t higoseiogslitidn theedroind ¢e@;lhrmied:bmpdl ex eselaiivecorivodi bhoambediynebt thy epar ed

and/or tested.in rapid seri nd/ qr parallel fashion n an array
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or conposi glh@ Y %é?i‘&ke} Buf0% 35 S80VIR 103494 263 (PEIdE0RIE2REE  Of an
array conpri ura of conpounds wherein each conpound can be
char act er |leea:ﬂ\4}appm1gofty¢are)h el I&bmy@lbmﬁsendbx ism’aﬁam%frpm the ratip ofjbpnd | | | |

etc.). An. arr | iLga esi z [

o) SRR By e BB, OSBRSS Bl S REREFINER,
the netal - d&aﬁﬁt FRUBL 6KO2. WreRONRAS 9s%qma&1cqiwpa@memem alyystd\Bnity
preV|oust cri‘bed fornul ae and/ or description, pi cal | each nmenber

of the ar rindexviatio Oﬁgl\fcetedthahé)r%ﬁqc@@l%@l}’t Hgramoupk O%%fmﬂl ELySH: )(lfll@’dﬁélexor
e a 11 or despRa g p0gn ARy ot 0hPaplobs Bormbbfiofiiofh Beak n€ 80 1OV TR

P vat orc or recursor or R group in
a second rg@iiemshe béteeyd @Utactglﬂ?@hd steAligsinden &ées ﬁarmxﬁfhpre f.fom r egi on
to region in the array

such a conbln typically
each of tHﬁopgurbﬁpp&PQfJ’”@:@%ffrbo%(lt9i69h%020$09 %I%@Eﬁéf age ’%ﬂ ent
conposi ti ic P conplex is
at a sel e?ré)amrr 2%0?)6"?12oﬁr@%@b%??gtz?sé&gﬁb#ﬁg% gglc 8 ?nag%%}rll%&lnsﬁ%’:’ sol at ed
fromthe qgtfeggnceonpositions or conplexes. This isolation can take many

fornms, typicall dependi ng on the_ substrate used at sub trate is
used, therlB1tfhyAstheps of ghell 115&‘5@?tf"i’1@|r8?ﬂgn§zﬁa’é‘étaﬁtécﬂmﬂ 3%8&355%%%68 9% there

cannot be [ pi&f g tht&és(tyq{ﬁnﬂﬁ"ﬁy\fs%terﬁl@t%%' BE QMR e GRRBOSX GRotodesnPldter

exanpl e, the substrate can be a mcrotiter or simlar plate having wells
S0 thaao edd@ NidRppséttdsoopyocandergerfoxmed using eommgicimlyswpiatle equipment (such

as a Bruker 300 MHz at 100°C probe temperature) to determine the degree of tacticity as

%mmmm pentads (for assignment of 13C signals see the review Brintzinger H.H. e al.,
Angew. Chem. Int. Ed. Eng. 1995, 34, 1143, which is incorporated herein by reference;
and Resconi, Chem. Rev. 2000, 100, 1253-1345 and Gibson, et al., Chem Rev. 2003, 103,
25  283-315). For example, a 15-30 mg polymer sample is dissolved in a 1:1 mixture of
C,D,Cls and C,Cly by heating the sample to ca. 100°C. The %mmmm is determined by
the ratio of peak integral from 23.5 to 21.5 ppm and peak integral 23.5 to 19 ppm (in the
absence of significant chain end regio-irregularity signals in this region). Proton
decoupled *C NMR spectroscopy can be also performed to determine the frequency of
30  and nature of stereoerrors and regioerrors.
[0112] In addition, the melting point of the crystalline polypropylene is generally in the
range of from about 115°C to about 165°C, more specifically between about 120°C and

155°C, and in some embodiments specifically above about 135°C. Melting points are
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from ot her conpounds in other regions by a physical barrier. The array may
also conprise a parallel reactor or testing chanber. 20 [0128] The array
t ypi cal | ywomspeizses at | east 8 conpounds, conpl exes or comp@4isvi/mss1 each
having a different chem cal formula, neaning that there nust be at |east
one different atomor bond differentiating the nmenbers in the array or
di fferent qeferiureddiy diffsrentiahisenring salpEameiry.ca8 18 ko B the ati(39s &9riPonent s

referring t i . precursors, activators, group 13 reagents,
sol vent s, %Irﬁglrlfcgréggg%&%g&o@ts etc.). In other 25 enbodi nents, there are at

| east 20 comBIUNGs] pobidrsxepolygmeessrinsigolynas amydre forme¢dieavirgipsgueat e each
having a different. chemcal formula. |In still other enb(i?di ne tsh)%lhere are

at | east 4physicabamdipr meliflewpaensrics: Robmpers that e} beRyipes pe9rdngP BF i n the
substrate . i NG: i i cal. > ause. he manner
of for ?ns't ngp r%%glggll@%{f%%nguggﬁ%%% ic§ &ﬁ ng}yﬁ%%ew 1&%%@%528%%5)%%%# egﬁnziorrpl ex or
conposi t i Oparfigaiyol-baend0l-hexdee dt-tzthybdrpehiend and 1icetdnat &te copudyhers ofxanpl e,
may contain reaction by-products or inpurities or_unreacted starting

mat er i al s. pppylenq withet eastamgGacCp 6r-oletinapraaris remabedhbwkashighefitidkes or

corpost U120 gl 4 ISR A0 RES5) ] B STAT 8 o

t hr oughput ri ifons™can af so

conbi nat or iRyt f@shEPRighseslefig afd stillinGre Jpati@ivallyNeem aboBIEwWE H8highd D1
03/ 091262 PCT/ US03/ 12811 6, 508,984 and WD 01/98371, . each of which i

is
her ei nl0 ncoraberailswt Yyhighgralefi: diorerupperBodmeenngf thisdpesngpn, cﬂﬁtalp’é%lct i ons
were perfo i.fi i N a Braun
o Vacuum AEebEe fstiisnhbie ds o Andh SObh RS oIS O ol
de- oxygena¢sdisting opethiliched -butemy, dilrgerie) akd buwatehe compaseefomAbbutl 0.2Bnds and
nmetal precursors were prepared accordi 0 procedures wn to those of
skill in t#Routapwt @?@f}i?n%?femor%sé%eﬁ%&a?%ﬁfﬁwﬁ’ ut:ﬂ??d?%_t"il Wb,
Et hyl ene/ sty Gl AN e ik %@@ﬁﬁc‘aﬂ?%‘dﬁ@ab&@?ﬁ& ¥BEIt13 34t ONSnAEnRE aRY| ene

pol yneri zati ons were carried out in a parallel pressure 10 reactor, which
is fully desstripbefically fido:8.abPuait Etotabo6t BDGT. 668omenard&, 316 and 6, 489, 168, and

in U S Applicatjon . 09/177,170,. filed t ober 99 and

00/ 09255, WM EhS Dol pabrers G BOFALLEF Bp PPP%BV%%&%’P%%%%T?%%EV?E] H gh

t enper at ur gnsjog6d Avhé BSWRA of ik ARMED8F %ﬁi’t‘h{etiéﬁ)%lﬁﬁérﬁ of #BRndSBhéh éher aut omat ed
"Rapid GPC' syStem as described in U S. Paténts 6,491, 816, 6,491, 823, 15

6, 475, 391, n@prabar Fh8)etie poldereom bepolpshyer (ieludisg oer lew dsasia7,
?,efZ g(r)’eﬁgz’ p(?l?{gtpﬂlghéaé\{yzﬁgsi&g%o ¥e§]§}(}‘é‘1’?§, %&h‘ dsenéi%? 1%1981&%%1%? e&%r, Efa@tip y

20  polypropylene, nylon, EPDM, ethylene-propylene elastomer copolymers, polystyrene

(including syndiotactic polystryene), ethylene-styrene copolymers and terpolymers of
ethylene-styrene and other Cs-Cy olefins (such as propylene).

[0115] Melt flow rate (MRF) for polypropylene and copolymer of propylene and one or
more Cy4-Cypg 0-olefins is measured according to ASTM D-1238, condition L (2.16 kg,

25 230°C). In some embodiments of this invention, the MFR is in the range of 0.005-1,000,
more specifically 0.01-500 and even more specifically 0.1-100. Flex modulus for
polypropylene and copolymer of propylene and one or more C4-Cyg 0i-olefins is
measured according to ASTM D-790. In some embodiments of this invention, the flex
modulus ranges from 20,000-400,000 psi, more specifically from 20,000-300,000 psi and

30  even more specifically from 100,000-200,000 psi. Notch izod impact for polypropylene

" and copolymer of propylene and one or more C4-Cy 0-olefins is measured according to
ASTM D-256A. In some embodiments of this invention, the notch izod impact ranges
from 0.1 to no break in ft-Ibs/in.
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series of two 30 cmx 7.5 mmlinear colums, with one columm containing
PLgel |GQum M xB and the other columm containing PLgel 5um M xC

(avai | ablwofosom2bnl yner Labs). The GPC system was cal i br c@disoyiasgl nar r ow
pol ystyrene standards. The system 20 was operated at a eluent flow rate of

1.5 nL/mn oven t erature of 160C. - dichl orobenzene was used as
t he el uent :[ﬂ?’g]e?&SF\?H@rPO%YE?W@B? LS5 9% opylongand enegspate barfzefe at a
concent r at bRfing tisaloRet in]th@EI‘eg%]nt iRRMEE Bredletul FordNfiaé Qfgrnptk og%p];?ﬁ:eetﬁ%{sy Ter

solution were injected into the system The concentratio ofymer in
the el uentnolipdingrihng Grevaspwy and casy fipoy dasitydilin apdtmusltatyefilmg), det ect or .

Al'l of the ular 25 weight results obfained are.relative to |linear

pol ystyr engﬂ%gﬁ)gan%% .Suc[leé%P S"ﬂ@% ey angk coptatner nElJ?CGIOEtIW?‘@% blow-

I ncor pos at ewuiding, feartd ytieaestaRheNTo SN0 é’*@‘ﬁp Lped by
Raman spectroscogpy. AIF spectra were o@tg?sﬁg%ucggigggﬁgfeg%ru éﬁgéég{u fgx 055
FRA 106/ S Pressipaipebsatomasive berts,@nd thsr bprlicationst thetrwitig)e eniident toathdserdfn
acquisiti OElfifliiﬁrﬁIea?t | aser. power of 500 i nW and spectral resolution of 4
cm. 30 Analysis was perforned using OPUS NT software package by neasuring
the absorbper Mt dtieagthdakased BB, and ¥edit draRdbiBBP(ndaired iPhnt/Dests
asymetric CH3 (itre@:&h) and the peak maxinum between 2844 and 2854 cni |
(for the s¥neRfyctedrpPElipg( daing-ypg saprdsaf sheomolien polpmirsselblends at 3200 cmi
was th S ng .t I at i f the peak heights
was de?d;r m%@gﬁgle%t@ol@? g{?\%a% eu%ggur 'eggreggﬁrélagét?lgsr%g%p gomggs% 03/ 091262
PCT/ US03/ 1e@illary ARDHBAA288@ Rizbtens upyeiraudy a fkeup 233ic@X The mbfibh ABands
8.2296. This nethod was ,calibrated using a set of ethyl ene/l-octene

copol ymer sa%df%u?%ﬁﬁ Y & 2 RSt QhAC C_I‘%}gll:g_l’llb%]p@ﬁ@d eohpampelopghadie. The
Grystal Il nfgrde defyibC YRIPRMIBNG MAShAGHETINBCoHY] STd ReSHGELERECARY, FTIR S

spectra of thin'filns deposited fromsolution onto g coa fers
are acqui redocity of theniptrolie sk the cave ofipalywiet melt§ esliaitimigidiaw resonance

fl j . i K Equi 55 FTIR ect t
bqui pobt vEReaE by B R e el i Gliork o i Bergeing smoplaud i o mepsied at
995 cml ( Goktiabienahe hfdxHidn foek hﬁlﬂwﬁpéi%efoﬁybéﬁgéjﬂh%ron%t%? gﬁ%g&an e

isotactic helices) and 972 cm 1 (coupled C C stretching an rocki ng
mode, i ndefiéfrkenes dic melt strepstinand melt grawiabilidptrespettinedy. ak the Heseacy & dvhw

i sotacti ci own. | e.art. see..e.qg.. J. . .Lugngo,. J. p!.

Pol ym Sci Iteglor%%%g% %ﬁﬂg?&%%{dﬁ%ﬁﬁlﬁl&glt%Phﬁ?s ‘?@5@8?1 ﬁ%%ﬁqn?ll? Stre@é%zarnér,

Pol ynmer 37th¢ 181961ty 32%ificB Beeakageamtetirsaf dyhicahis itife hbIE FRRAbAIEITREE Sishs LY
reference). For blends of atactic and isotactic polypropylene (PP) with O -

70% i st acpicallymn ynder the follewisgicenditionsor t i onal to the percentage of
isotactic PP. For greater than 98%

Mass flow rate 1.35 grams/min

Temperature 190°C

Equilibration time at 190°C 10 minutes

Die 20:1 (with entrance angle of
approximately 45 degrees)

Capillary length 41.9 mm

Capillary diameter 2.1 mm

Piston diameter 9.54 mm

Piston velocity 0.423 mm/s

Shear rate 33.0s"

Draw-down distance (die exit to take-up | 100 mm

sheels)

Cooling conditions Ambient air

Acceleration 2.4 mm/s”

[0118] For some aspects of the present invention the novel polymers are useful to
produce foams having improved properties. For foams and other applications requiring
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15 isotactic PP the ratio is greater than 0.95, for anorphous PP the ratio
Is 0.2. [0134] The ratio of styrene to ethylene incorporated in the polyner
product s,woapnegented as the nol % of styrene incorporat @dTiusos/kes1pol ymer
(rmol % styrene) was determ ned using FTIR spectroscopy. The IR spectra (16
scans at 4 cm 1 resolution) analyzed by Partial Least Squares (PLS)

anal ysi s whelhstRingf, thsy MIBR\S typicalyrin tramsgead Q. A0 amptespedificabiliadhe wage

sof t war e, i the foll ow trainin cal LR+ LE@L U set
To135] The Dy gbt SopCipstiishiy B i g e CTnERel SR g B el OF

bl ends of that hyNerRreSipstiEiRellE slealey tHaA S oN il koswPed fiydlBngeatachapt elNi on,

and atactic hono- Eol_ystyrene. The 16 known copol yners had between 1 and 47

mol % i ncorPerdipwebility 18 txpieably. sropier thamak aY penBopoiRestisaldy ereashtteReLSi n t he
b ends . angt {07} 0.1 8 0% DB shgls3m sl ene Content of the bl end.
Tt sg)g ro opo{ %

Most bl'endsare prepar yners wth up to 20 nol % i ncor poration.
Mil tipl e gpee|ria spee abpeetchbfths prebont invdaton, ithe devel pellymersglisdddsed herein are
Preprocessing of the spectra [0136] Mean centering; |inear baselj.ne
correcti oﬂlség%@fd agwidg variely ot aprliratianiclerg cerpn ?Et?g?é Riopertios psg: eﬁﬂal- 3224cnl

- 3465cm 'Hgg%fgglgggﬁgdgeg&a%g%ﬁg@fﬁdlﬂ%. hand idh8aurdd RebHAR36 HS T

1504cml wi rom 1413cnl to 1518cml - 15Z7cnl. 61 WO
03/ 091262 IPCTOVSABLIAABIE meAnatd sicordifd R7ASPMSD1244(7gdihetnawgl pofymedrs al r egi ons

499cm 1 to,.2033¢m 1. and 3577cm 1 t 4495cmL. Predi ¢ction,of ;nupber ratio
of ataldi i WEM%WE}%‘SPW%%Fg-‘llmﬁl?/‘%%a?e-o Osszﬁa&bﬂ]}é Hbalrjfgﬁbo&’l ystlyane
to total siyfane fg‘é&at%rfl%fg@?;eﬁfé}ﬂfaﬁ 9@‘%?1{113%5&‘ bengicilyldbiahest yrene (oc 5 nol %

total styrene) w ctors and cal cul ation of nol %.incorporated styrene
from t heqde120] Rotpmeszatiof i86iriedro R undetpdyhenizagion sppditipry ineiiding t ot al
styrene in product: FTIR med on a uker Equi nox + JR Scope
Il in reflt@g‘PPr&ﬁH?ﬁ) eﬁ%r%@%g tggéé%?%ug%eﬁugéﬁogg 05%?%" tfg%ggans. The
rati o of tatakpletel! SMGpdnBioal SHIMRNEsMAS, SRtphkdast hlgh-bfeasiré pelymatizdionl band
hei ghts at 4330 cnfl and 1602 cni 1. This nmethod was calibrated using a set
of et hifl ermoesssasanay bopoplpiied withitherratal ysingpd empayadnokibisrianatioansaeh . The
total styrene content of.t ol : ggqlo ,

i ncl udes HBPH IR an@g %lﬁleg.'iﬁar@brs %@féaftg%gg%&{tﬁgé et (ﬁée(rzée S p;%%cﬁgﬂg%pol yner
and any bagkedseasngle weapeh\is theraein e (ipbrt for theeaplsduay bsampleyed Fohich he

et hyl ene-styrene copol yneri zati on . . . .

may be inorganic (such as alumina, magnesium chloride or silica) or organic (such as a
polymer or cross-linked polymer). Methods for the preparation of supported catalysts

20 are known in the art. Slurry, suspension, gas phase and high-pressure processes as
known to those skilled in the art may also be used with supported catalysts of the
invention.
[0121] Other additives that are useful in a polymerization reaction may be employed,
such as scavengers, promoters, modifiers and/or chain transfer agents, such as hydrogen,

25  aluminum alkyls and/or silanes.
[0122] As discussed herein, catalytic performance can be determined a number of
different ways, as those of skill in the art will appreciate. Catalytic performance can be
determined by the yield of polymer obtained per mole of metal complex, which in some
contexts may be considered to be activity. The examples provide data for these

30  comparisons.
[0123] Another measure of catalysf polymerization performance is co-monomer
incorporation. As is well known in the art, many ethylene copolymers are prepared
using ethylene and at least one other monomer. These copolymers or higher order

polymers in some applications require higher amounts of additional co-monomer(s) than
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15 condi tions enpl oyed, the honopol ystyrene background |evel is typically
less than 3.5 W% (1 nol% . [0139] Differential Scanning Calorinmetry (DSC)
measur enewo3mene2 perforned on a TA instrument DSC 2920 teTdsSo®12sine t he
mel ting point of polymers. The sanple was equi i brated at 200 and held for
4 mnutes. The sanple was cooled to -50C with a rate 20 of 10C m n, and held
at -50C f okavg hepmpragtcal THtrknopmeatahysty. eslmethﬂaﬁ%@n%tozlmhe gostreagliyiee of

10C'mn ang, &B& aft I?%ﬂéﬁ&lc%%&&grh&qPédgﬁraﬁ@%:ﬂs %g)te ﬁt'tﬂ%gs é}&é}?{ﬁ%ﬂ fo‘rSt of

Abbr evi at i ORS usé section 1nclu , Bn or

Bz= benzyl polﬁ@eﬁzﬁdﬁ@aalﬁtk Tved hgelﬁll&oehettcﬂnerﬂ'ared—basgd and styrene. This

=par a-t ol uenesul f opy THP .= dr opyr an, f =

L1 s PRI AR Ry Pl SCUARY reRacs i Ry aRaes suh & lpglenso-
= neéﬂaygt%gﬁcrram de [0141] The ligands in these exanples are prepared

accord| ng to general schenes described above and shown bel ow, where

"bui | di ng P12KAS stated heiaigta q@ihétmmcheamis spb:éﬁed fouepttaid beogfds,hvath th80 Part A

Synt hesi s oi Bui | di ng BI ocks Par nl% Sd gCof Subst . |ft gltl)(e/%

2. Br omopheHFETIRCSS BgRTRRE RahEAh T WG B REe kB 203/ 001262

PCT/ USO03/ 1@8btranfy amﬁowcsﬁ@%ﬁn&e 8%"@%@11;1& LieppYRdRe tRRIII0FRC ahd ® / Br

coupling ~R 2) brom nation { NBS) rotection (BnBr or OBn
Mel or Nu\m@n)fmﬁnerm@chmmﬁwﬂl(yat)at@nm@u@mbpwh -t Fuichlesakshis fer i vat i ves

Elt EP :\Iloll chyNnHéé?StuoB are non-cooodlnatmgglnert liquids: Exampﬁes ch%_e| stral%f'lt and * Br cuP

branched-chain hydrocarbons such as isobutane, butane, pentane, isopentane, hexane,
isohexane, heptane, octane, Isopar-E® and mixtures thereof; cyclic and alicyclic
hydrocarbons such as cyclohexane, cycloheptane, methylcyclohexane,
methylcycloheptane, and mixtures thereof, perhalogenated hydrocarbons such as

15  perfluorinated Cy4.1¢ alkanes, chlorobenzene, and aromatic and alkyl substituted aromatic
compounds such as benzene, toluene, mesitylene, and xylene. Suitable solvents also
include liquid olefins which may act as monomers or comonomers including ethylene,
propylene, 1-butene, butadiene, cyclopentene, 1-hexene, 1-pentene, 3-methyl-1-pentene,
4-methyl-1-pentene, 1,4-hexadiene, 1-octene, 1-decene, isobutylene, styrene,

20  divinylbenzene, allylbenzene, and vinyltoluene (including all isomers alone or in
admixture). Mixtures of the foregoing are also suitable.
[0125] In some embodiments, a solution process is specified for crystalline
polypropylene production. The solution process to prepare isotactic polypropylene
comprises adding a catalyst and propylene monomer to a reactor and subjecting the

25  contents to polymerization conditions.
[0126] The ligands, metal-ligand complexes and compositions of this invention can be
prepared and tested for catalytic activity in one or more of the above reactions in a
combinatorial fashion. Combinatorial chemistry generally involves the parallel or rapid
serial synthesis and/or screening or characterization of compounds and compositions of

30 matter. U.S. Patent Nos. 5,985,356, 6,030,917 and WO 98/03521, all of which are
incorporated herein by reference, generally disclose combinatorial methods. In this
regard, the ligands, metal-ligand complexes or compositions may be prepared and/or
tested in rapid serial and/or parallel fashion, e.g., in an array format. When prepared in

an array format, ligands, metal-ligand complexes or compositions may be take the form
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3 protected carbazol e phenol 2-bronophenol Step 4 Ml or BnBr K2CGO3
acetone OMe OBn Br N/ or Br N/ BBl BB2 10 Building Blocks BBl and BB2:
[0142] Stwp o9l - cat al yzed cross-coupling: [0143] A sol ecirarsopizsthe
protected 2-bronophenol (4.6 nmol) and carbazole (5.5 mml) 15 in di oxane

S ssed W th ar racem c trans-1|, 2-
g?a%%o\é\?cl g%gx%%c?rﬁp%%ng?ﬁﬁr@fahtﬁﬁk/&o(m% ER%W“(?Q?T?B}HPO Wt eanieded and t he
resul ting whasheteBze@asy Syl ortiRrhbdke é@&@alffgfmﬁ-lﬁs i, ¢ A, tIleﬁIIfét+§ ﬁh' 3y o
sol vent was, renoved and crude product was purif iéd by flash c rorrat ography
to give 4.bgangespahe yymthesigeduting tl(e:m%e;iu@s@yth;@d pf@%mmlyl Sfbpatnﬁy nﬁgfﬁ;?g?n

i on carbazol e nme
3]; yt glizgég%/\égrb gtog é&)?e]cﬁg]oregﬁ? % L{ Brtagpen EOWIS’&?S[PEFBWPP?’I%(@*TZG 2) and
the result c}m;aaahmmmhmpfevmusnyrdeacrma f5rm1ﬁ36 WA/ BG R, RGHICMPPILd2811

hours (TLC control). Water was added, the resulting m xture was extracted
with e'g hy| me a%éle agay Wik davs djHpTeacesspdhatyips egampld, oligands2edmtortite cr ude

o) t
B oAy TR el BVR oid b3 s AU A Mo SR B ER i R 5™
mol ) in CoR@iatof ibf)meta) preasrsarioleR] gtbuppink Second sedivi bothe afralNBSther

N- br onosucci n m de, in CH2Cl2 (30 nL). The resulting solution
\(/vas st i rreﬁarfal]? eséﬁawlﬁo g‘rﬁgng'ﬁ@feélﬁéﬁ%ﬁg@%ntthe agay-HO (5 ml). Water (30 ml)

dged, 7 Aaver
has ariod SER T SRR Bp bl SR o fre Rl oA Ss o
chr omat ogr aqmylex@ lgils waliffergntmoniposition loe stprodmbm&try(, 46%}331(@11;1 radhlobnifddfiodl) . 1H

34
(N!;/R 3|(_|)300 18 22t a sgleg’[ed geglon (l)_R a s117bsf1'rate such th(at eacﬁ compgm?dSls (isso’latgcll_l) 2

from the other compositions or complexes. This isolation can take many forms, typically
depending on the substrate used. If a flat substrate is used, there may simply be

15 sufficient space between regions so that there cannot be interdiffusion between
compositions or complexes. As another example, the substrate can be a microtiter or
similar plate having wells so that each composition or complex is in a region separated
from other compounds in other regions by a physical barrier. The array may also
comprise a parallel reactor or testing chamber.

20 . [0128] The array typically comprises at least 8 compounds, complexes or compositions
each having a different chemical formula, meaning that there must be at least one
different atom or bond differentiating the members in the array or different ratios of the
components referred to herein (with components referring to ligands, metal precursors,
activators, group 13 reagents, solvents, monomers, supports, etc.). In other

25  embodiments, there are at least 20 compounds, complexes or compositions on or in the
substrate each having a different chemical formula. In still other embodiments, there are
at least 40 or 90 or 124 compounds, complexes or compositions on or in the substrate
each having a different chemical formula. Because of the manner of forming
combinatorial arrays, it may be that each compound, complex or composition may not be

30 worked-up, purified or isolated, and for example, may contain reaction by-products or
impurities or unreacted starting materials.

[0129] The catalytic performance of the compounds, complexes or compositions of this
invention can be tested in a combinatorial or high throughput fashion. Polymerizations

can also be performed in a combinatorial fashion, see, e.g., U.S. Patent Nos. 6,306,658,
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avai l able) [0148] Step 4: Protection of Phenol as Methyl Ether (BBl) or
Benzyl Ether (BB2): [0149] A mixture of a phenol building block (1
equiv.), wblosos12BnBr (1.5 equiv.) and 15 K2COB8 (2 equiv.) PCA/GSOFIIBNE (CA.
0.5 mml/m) was stirred at 60C for 2 - 4 hours. After addition of CH2O 2
and filtration, the solvent was renoved in vacu and the cruyde product was
dried in &38Rmnd MR, 0/RBI0] cash wé whirdi it heret incCPHIIINERBICNSEI | di ng
bl ocks synthesized in a manner simlar to that described in Schenme Al(a):
OBn GBn B I r N/ Br N 20 BB3 BB4 Scheme Al (b): 2-Brompphenol Building
gl ockls \1/|) aBSuzukl Cross Coupling 64EWAMBIES1262 PCT/ US03/12811 Step 2
tep r 4 Owve Na2CO3 1) BuLi, Br 2) B(O Pr 2) BBr3 POH 3) NBS Br
gr yl brom [@r@OBB%enesyfwAHb@a%h%rﬁ “@I%P‘HF%BW@NBFICIE&E‘FH%%&I@D&EW%? 5 [0151 ]
tep 1: n- ' : SQlot i ) was
A T e
n, anhydibydbusgide-oxyBehatmican parifiad rempdieg ¢o kiovenr tpoimiqudist ¢yl gands andy f or
30 min at that tenperature, triiso rogﬂyl bo atgméZS. 7 ol . .6.nl) was
((aldded s| oviRGIALRTECHTRIS WehRyEPapd PerofdiRg i pragrebiresdoopyRdo these ghskil rature
30 min). After ShbfinbAgthRbhd? BRALGE! ROBHybnelstiRerindRtylomes -s@emyved and
t he crude ﬁﬁrgﬁ c acl dr@was Bsedcvm' t ﬁout’ © fufrthhél? %ﬁ?i f incat iyon.
copolymerizations and propylene polymerizations were carried out in a parallel pressure
10  reactor, which is fully described in U.S. Patents 6,306,658, 6,455,316 and 6,489,168, and
in U.S. Application No. 09/177,170, filed October 22, 1998, and WO 00/09255, each of
which is incorporated herein by reference.
[0131] High temperature Size Exclusion Chromatography was performed using an
automated “Rapid GPC” system as described in U.S. Patents 6,491,816, 6,491,823,
15 6,475,391, 6,461,515, 6, 436,292, 6,406,632, 6,175,409, 6,454,947, 6,260,407, and
6,294,388 each of which is incorporated herein by reference. In the current apparatus, a
series of two 30 cm x 7.5 mm linear columns, with one column containing PLgel 10um,
MixB and the other column containing PLgel Sum, MixC (available from Polymer
Labs). The GPC system was calibrated using narrow polystyrene standards. The system
20  was operated at a eluent flow rate of 1.5 mL/min and an oven temperature of 160°C. o-
dichlorobenzene was used as the eluent. The polymer samples were dissolved 1,2,4-
trichlorobenzene at a concentration of about 1 mg/mL. Between 40 pL and 200 pL of a
polymer solution were injected into the system. The concentration of the polymer in the
eluent was monitored using an evaporative light scattering detector. All of the molecular
25  weight results obtained are relative to linear polystyrene standards.
[0132] The ratio of 1-octene to ethylene incorporated in the ethylene-octene copolymer
products was determined by Raman spectroscopy. All spectra were obtained using a
Bruker Equinox 055 FRA 106/S FT-Raman Spectrometer (Raman back scattering) with
a 4 min acquisition time, a laser power of 500 mW, and spectral resolution of 4 em™.
30  Analysis was performed using OPUS NT software package by measuring the absorbance
of the peaks at 2953, 2955, and 2957 cm™ (for the asymmetric CHj stretch) and the peak
maximum between 2844 and 2854 cm™ (for the symmetric CH, stretch). The
absorbance of the baseline at 3200 cm™ was then subtracted from these values and the

ratio of the peak heights was determined. Mol % 1-octene values determined from x =
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[0152] Step 2: A mxture of the protected 2-bronophenol (nethyl ether, 3.38
g, 16.8 mol), the boronic acid (22.5 mnol), Na2CO3 (9 nL of a 2 M

sol ution woosates? 18 nmol) and di met hoxy ethane (100 nipcCrasosdiesassed

wi th argon. Pd(PPh3)3 (485 ng, 15 0.42 mmol, 2.5 % was added and the

: : i 85 16 h d n. Ethyl acetate
(30 L) "vadZRade s ube Redhe S dred Bk Mt Th apetbad ad 1 raci on,
t he sol Venbal‘ﬂﬁréteﬂ%Bﬂ?%@e@dﬁtﬁﬁ&leﬂzf-ti&@néﬁ O%ermhp&&fah%é M@W

chromat ogr aphy (Et hylacet at e/’/hexane = )" to give 1.
cr oss- couplrigae pamdeict (6 mmol, 28% yield). After cleavage of the nethyl

i ' 7 d 20 .b L nat. i 1L h as. shown pn_Schene
A (o). "t ho ISR Cribedtliale i B Bl O e itnrd Y P A R rpe@b b P ng b1 ock
BB5 (4.43 spaetra ob&fif filthe eposité EfrbmadIution Gatdld SbhtedWRVafef ko 3 quBRHB:t 4

addi ti onal 2-bronophenol building blocks (BB6 to BB12) synthesized in a

manner si nfMaretodutianandyat 1o sreas isiection-ahsampsion mndewintaBrakerdppindy 5 : 25
s 0o RS il S R B,
bui | di ng bbamlsst 8951t CAE BendinganhOHE Fockiny ade ﬁ@mtrbg\ilalo@?ﬁﬂhh@ Ehota%%%\é e .
fO(zIr 8(\:/2 © gfh%qeg)cgnd(&al c¥n‘ p{cglrl?)lgc? tCI-8 r;trgtrc]flling %?15 %}ﬁ%c‘:ﬁﬂ% hlo?ie,linde%glgen% )of |
10  crystallinity) is determined as a measure of isotacticity (as known in the art, see, e. g.,J.
P. Luongo, J. Appl. Polym. Sci 3 (1960) 302-309, and T. Sundell, H. Fagerholm, H.
Crozier, Polymer 37 (1996) 3227-3231, each of which is incorporated herein by
reference). For blends of atactic and isotactic polypropylene (PP) with 0 — 70% isotactic
PP, the IR ratio is proportional to the percentage of isotactic PP. For greater than 98%
15 isotactic PP the ratio is greater than 0.95, for amorphous PP the ratio is 0.2.
[0134] The ratio of styrene to ethylene incorporated in the polymer products, represented
as the mol % of styrene incorporated in the polymer (mol% styrene) was determined
using FTIR spectroscopy. The IR spectra (16 scans at 4 cm™ resolution) analyzed by
Partial Least Squares (PLS) analysis with PLSplus/IQ V3.04 for GRAMS/32 (Galactic
20 Industries) software, using the following training set for calibration.
Training set
[0135] The analysis based on a training set consisting of 180 spectra of blends of
ethylene-styrene copolymers with known styrene incorporation, and atactic homo-
polystyrene. The 16 known copolymers had between 1 and 47 mol% incorporated
25  styrene. The atactic homo-polystyrene content in the blends ranged from 0 to 90% of the
total styrene content of the blend. Most blends are prepared from copolymers with up to
20 mol% incorporation. Multiple spectra per blend were included in the training set.

Preprocessing of the spectra

[0136] Mean centering; linear baseline correction based on average absorbances at

30  2074cm™ -2218cm™ and 3224cm™ - 3465cm™; thickness correction based on band area
from 1483cm™ to 1504cm™ with baseline from 1389cm™ - 1413c¢m™ to 1518cm™! -
1527cm™.
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ro>LqOBr OH OH Br Br BB13 BB14 BB15 10 [0155] Exanple 2: Schene A2:
Synthesis of Substituted 2-Brompphenyl -Benzyl Ethers via

2, 6- di br ono-04/w9eshyl - phenyl benzyl ether Br ~i-R / R Suzekir/uSBi1I8RO) 2B
conditions OBn Br Br 15 Schenme A2(a): 66 WO 03/091262 PCT/ US03/12811 Br
OBn Br BuLi Pd(PPh3)4 B(G Pr)3 Na2C8 Br (RO 2B OBn Br aryl bromde
aryl boroﬂm_‘[mi d BB16 [0156] Synthesis of Building Block BB16: 5 [0157]

n BuLi I ro 6 2. $iadded sl owl
= sol PO L TS ior spicBal oS Tt HF AR ol ana g0 ’

an hydr 0US J4G¥cnr’, ?&thibﬁidﬂﬁmﬁibeﬁfaﬁ% pflﬁa@twlior@cr-g@mstyﬁfnbw to$a1|styrerre§(°<f %r 10

mn at that tenperature, triisopropyl borate (4.3 nmol was added

?r: (r)]\)/vl yA?{l gtrat:ﬂ:;allld;moppe}y?tg:nw tmalaﬂ‘ti’rgn@dmﬂoi(ﬁfﬁ@@fﬂmq Qihylé‘éﬁﬁott@%@b’léfpﬁ (s (30
Cr ude &ry kil evor (iR dsh i emstiph et B SloriiRgd SERMERon T 1 0 o
the protggl g? ngm@egl br omophenol (benzyl ether, 1.07 g, 3 nmmol), the
bor oni ¢ aci 3. mol ), Na2C3B (2.5 nL of a2Msqut|on|n water, 5
mol ) and [MB&deRynetﬂlhdrfer d¢termining mol % total styrene in product: FTIR was
performed on a Bruker Equinox 55 + IR Scope I in reflection mode using a Pike
MapplIR accessory with 16 scans. The ratio of total styrene to ethylene was obtained
10 from the ratio of band heights at 4330 cm™ and 1602 cm™. This method was calibrated
using a set of ethylene-styrene copolymers with a range of known styrene content. The
total styrene content of the polymer products (mol% total styrene), includes both the
styrene incorporated in the ethylene-styrene copolymer and any background
homopolystyrene (PS) in the product sample. For the ethylene-styrene copolymerization
15  conditions employed, the homopolystyrene background level is typically less than 3.5
wit% (1 mol%).
[0139] Differential Scanning Calorimetry (DSC) measurements were performed on a TA
instrument DSC 2920 to determine the melting point of polymers. The sample was
equilibrated at 200° and held for 4 minutes. The sample was cooled to -50°C with a rate
20 of 10°C/min and held at —50°C for 4 minutes. Then, the sample was heated to 200°C at a
rate of 10°C/min and data were collected during that heating period.
[0140] List of Abbreviations used in this section include: Me = methyl, Et = ethyl, Bn or
Bz= benzyl, Ac = CH3CO, EA = ethyl acetate, Ts = tosyl = para-toluenesulfonyl, THP =
tetrahydropyran, dppf=1,1 ’-bis(diphenylphoéphino)ferrocene, MOM = methoxymethyl
25 = CH;3;0CH,-, DMF = dimethylformamide
[0141] The ligands in these examples are prepared according to the general schemes
described above and shown below, w'here “building blocks™ are first prepared and then

coupled together.

30 Part A: Synthesis of Building Blocks
Part 1: Synthesis of Substituted 2-Bromophenols and 2-Bromophenylether Building

Blocks:
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m.) was degassed with argon. Pd(PPh3)3 (170 ng, 0.15 nmol, 5 % was added
and the 15 resulting m xture was stirred at 85C for 16 h under argon. Ethyl
acetate (WOoi)12éms added and the m xture was dried over PRAASEBI128/f t er
filtration, the solvent was renoved and the crude product was purified by
fl ash. chromat ography (Et hyl acetate/hexane = 1/10) to give 1.143 g of the
product BB16 (2.46 nmol, 82%yvyield). [0158] Sone additional building bl ocks
synt hesi zeExample kisichemeAlii | ar to that described 20 above in connection
with Scheme A2(a): F OBn OBn OBn OBn Br Br Br Br BBl7 B34 25
Part 2: Synthesis of Basenic Ester Buil di ripleBleoe®Br) 67 WG Q3/ Q91262

PCT/ US03/ 12'arrpl<>eUF$n9 Sc : OH BIWEP&W% 0op Br
110

t.

PPTs | \ Br BuLi B{O Pr)2 B(O PT) ecte 2B
2- br onophenol [9%59] | ntroducty onP¥%F thé T&Hﬁ“%‘@ Eahydr bpyr an) pr

group - A solution of 2- bronmophenol (25 g, 145 mm ), di (22.3
g, 264 Ymol). an r|d|n|urrp toluen sulfon ‘g"PPTs" 3.3 g, 13 mol) in
met hyl ene Eﬂrearqﬁgaélﬁbomqowegéwlr apbazols; &1'6 HEP room tenperature. The
resulting solution was vvashed th ,aq. NH4C1l, H2O and brine, and dried
over Na2SO4. After renoval &ﬁ:})éol vent, the THP-protected 2 10

br omophenol was isol ated as a1) BW oi | (35 g, 137 mol , 95%. [ 0160]

ection

Formati on of the boronic ester -BuLi (1.1 nmol, Step ma 1.6 Msolution in
hexanes) was added slowy to a oI “Ne4 on of e THP- ggsot ect ed 2- bfogophenol
(1 mol) in THE (5 m, anhydr%us at - der aRnet rmsphere ar gon.

After stirrigy for 10 at tK tenp , trlpeﬁpropgl 26 3 was
added slow@rﬁht hatm—e—wa’s 1 toTomETto r ature
(30 mn). r sti Ry for n, sol vent was.x =d and

t he crude THP- protect edeoronl (?z) ter (BB20) was used w thout further
purlflcatlon

rotected carbazole phenol
2 -bromophenol Step 4

Mel or BnBr

acetone

B

° Building Blocks BB1 and BB2:
[0142] Step 1: Cul-catalyzed cross-coupling:
[0143] A solution of the protected 2-bromophenol (4.6 mmol) and carbazole (5.5 mmol)
15  in dioxane (8 mL) was degassed with argon. Cul (0.215 mmol, 5%), racemic trans-1,2-
diaminocyclohexane (0.86 mmol, 20%), and K3PO4 (8 mmol) were added and the
resulting mixture was stirred at 100°C for 16 h. After filtration, the solvent was removed
and crude product was purified by flash chromatography to give 4.04 mmol of the
product (88% yield).
20  [0144] Step 2: Cleavage of the methyl ether:
[0145] To a solution of the carbazole methyl ether in dry CH,Cl, were added two

equivalents of BBr3 (1 M solution in CH,Cl,) and the resulting solution was stirred for 5
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[0161] Sone additional building blocks synthesized in a manner simlar to

t hat described above in connection with Scheme A3: 20 O THP O THP OH

B(O Pr) 2 B0@3Meiea2 B(OH) 2 ~tr F MeO BB35 BB36 BB37 (hydrolPg3itsosizsBB20)
Exanpl e 4: Schenme A4: 25 68 WD 03/091262 PCT/ US03/ 12811 a SH di hydropyran O

S STHP Br PPTs | \ Br BuLi B(O PrCLZ 2) B(O Pr)3 THP-protected BB21

2- br onot hi b@ﬁéﬁﬁc[cgli‘@@% Waicswasiagfeds thegiesHins mdHes Wisgixtastsd githieghyl mmol ) ,

di hydropyr To"
o 5 oD% bk Tnd i orelie LITUP s e By L BOK IS SLUEBSTUL AR Aiflea RIS
room terrpeﬂaglwmomél'thgralphgul ting solution was washed with agq. NH4Cl, H20
and brine, and dried over Na2SO4. After renoval of the solvent, the

THP-prot ecldasStrpcdtnemipAleR  was |soI ated as a yel low oi|l (34 g, 125
ol 959 [0 glﬂegﬁ‘arsbﬁﬁi%%?“t agﬂa%oﬁ g@@ nth% Bh§ NERS @3 fRRAlh YRS,

prepared cording to standar escri b d above. 10 Part 3:
Synt hesi s @0 o)), vis-addedidropywBe- aEholm;gm@f B[BS Gﬂ-bg)rmsucc’nmrm&ma&@hmcﬁ) in

0,0)-Brid d I .BB2 15 B f
b orrbphenol ee GBI EsHRE SSTu§0Ra S PG a0 AUD (30 TGt B3t ) and
CS2CCG8 ( 50oxmaty ( sllﬁLﬁ%tbﬂ&z i ng% 4dHEQ, tAE- iR @ag é)m@lteaav&%mcqg ahf 20

hours. After addition of ndflltratlon he sol vent was renoved in
vacu and t He organieiypr waidricdmysr Hiap . iThe arudapmﬁmb\v@rpmﬁe@byeﬂa@h?? g of

BB22 (1570 cnbSNAASHS 5 28 1.8 mmol of the product (43% yield) (JZ-1009-31). "H NMR

(300 MHz, CDCls): 8.15 (d, 2H), 7.11-7.52 (m, 8H), 5.35 (s, 1H), 2.34 (s, 3H). (GC-MS

available)

[0148] Step 4: Protection of Phenol as Methyl Ether (BB1) or Benzyl Ether (BB2):

[0149] A mixture of a phenol building block (1 equiv.), Mel or BnBr (1.5 equiv.) and

15 K,COs (2 equiv.) in acetone (ca. 0.5 mmol/ml) was stirred at 60°C for 2 — 4 hours. After
addition of CH,Cl, and filtration, the solvent was removed in vacu and the crude product
was dried in a vacuum oven.

[0150] Some additional 2-bromophenol building blocks synthesized in a manner similar

to that described in Scheme A1(a):

ReRIE s

Scheme A1(b): 2-Bromophenol Building Blocks via Suzuki Cross Coupling

20
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by GC-Ms, 1H NWR) Exanple 6: (0, S)-Bridged Building Block BB23: 25 Br Br \
S~~i O 1 \ BB23 [0164] A mixture of bronmophenol (4.62 mvl, 800 ny),

1, 4-di br onolwamenze2 (20 nmol, 4.32 g) and K2CQ03 (10 mmol, PCI8YP3/12311 acet one
(10 m) was stirred at 60C for 1 hour. 69 WO 03/091262 PCT/US03/12811
After addition of CH2Cl12 and filtration, the_solvent was renoved and the
crude product was purified by flash chromat Scj',eﬂaﬂy (Et hyl acet at e/ hexane =
1/10) to give 1.278 g of the product (4.15 nmol, 90%yield).

Br onot hi ophenol (4. 15 {nml 784 nmg), K2C03 1§ t, 1.38g) and acetone
(10 m.) were added andt®Relresulting rn'xturei@%?irred at 5 60C for 2 °
hours. After addition of CH2C1l2 and filtration emMsol ven~yas renoved to

give 1.693 g ¢t he product BBZ3 {4.07 mmIPd(%f?B)&yi el d). erized by
GC-MS, 1H N D Exafypb@7: esi s of ('?f,z ¥ and (0, i Bis Aryl
Boroni.c Esters:| Br Br—PdCh2(dppl7 tol uene O-i 0,0, 6 1~ 00
-n~ BB22 O BBBZgy B(Gpihd di ock %BZélz) BdR [0165] A ure of the

B>
LI LI

(0,0)-bridged (aryl brom de) 2 (397 ngy, 1.03 nmol), ®idr oni ¢ ester
(574 ngy, 2.26 nmol), KOAc (607 ng, 6.16 nmod)neand tol uene (ES5 nl) was
degassed W t hagigide PdC12(dppf) (50 ng, 0.06 mmol) was added and the
resulting mxture was stirred at 85C for 16 h under argon. pister
filtration, the solvent was 20 renoved and the crude product was purified

by flash ayheneisaaaBFombshéiel Bulia ok BB3: 1, add 1% of NEt3) to give 240
ng of the product (0,0)-bridged bis(aryl boronic ester) BB24 (0.5 mol,

50%yyi %l d)[01 51] Step 1: n-BuLi (22.5 mmol, from a 1.6 M solution in hexanes, 14 mL) was

added slowly to a solution of the aryl bromide (21.44 mmol, 5 g) in THF (50 mL,
anhydrous) at — 78°C under an atmosphere of argon. After stirring for 30 min at that
temperature, triisopropyl borate (25.7 mmol, 6 mL) was added slowly and the
temperature was allowed to come to room temperature (30 min). After stirring for

10  another 30 min, the solvent was removed and the crude boronic acid was used without
further purification.
[0152] Step 2: A mixture of the protected 2-bromophenol (methyl ether, 3.38 g, 16.8
mmol), the boronic acid (22.5 mmol), Na;CO3 (9 mL of a 2 M solution in water, 18
mmol) and dimethoxy ethane (100 mL) was degassed with argon. Pd(PPhs); (485 mg,

15 0.42 mmol, 2.5 %) was added and the resulting mixture was stirred at 85°C for 16 h
under argon. Ethyl acetate (30 mL) was added and the mixture was dried over Na;SOs.
After filtration, the solvent was removed and the crude product was purified by flash
chromatography (Ethylacetate/hexane = 1/10) to give 1.7 g of the cross-coupling product
(6 mmol, 28% yield). After cleavage of the methyl ether with BBr3 in CH,Cl, and

20 bronﬁnation with NBS as shown in Scheme Al(a), the crude product was purified to
yield 1.4 g of the building block BB5 (4.13 mmol, 68%). (characterized by GC-MS, 'H
NMR).
[0153] Some additional 2-bromophenol building blocks (BB6 to BB12) synthesized in a
manner similar to that described above in connection with Scheme A1(b):

25
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25 Building Block BB25: -A- 4~ 0, B'0 OB OBB25 "' [0166] A m xture of
the (0,S)-bridged bis(aryl brom de) BB23 (416 ng, 1 mol ), the 30 boronic
ester (5580909262 Mol ), KOAc (588 ng, 6 mmol) and t ol ue®eT(UBB3/M8)1 was
degassed with argon. Pdd 2(dppf) (50 ng, 0.06 mmol) was added and the
resulting 70 WD 03/091262 PCT/US03/12811 m xture was stirred at 85C for
16 h under argon. After filtrati ofFsthe sol vent s

ester) BBZS( ' Synt |
Bi s( Bi phenyl pfF oH Li gands X £ e L B(O Pr)2
R&A R2 R4 R2 L gJTHP cross coypling I O PG O PG ?'R7 2) Hd,
remove THP R73Eé0t ected proteécted THP-prot ected phenol bi a|B{/| phenol

2- br onophenol ronic esterBBfep 2 1) Bri dgﬁBﬁg Step: LG JB®® -~B/ R4 R2
(LG =Br or Ofs, B = bridging group) R4 R2 R4 OPG K2COB8 or Cs2CO3 2
eq. OH acetone OH HO 2) Deprotection Step: , |

2 o o

Br
BB10 BB11 BB12
[0154] 2-bromophenol building blocks synthesized in a manner similar to that described

above for Scheme A1(c) (only bromination and deprotection):

O 1) BBr3 O
O 2) NBS O oH

OMe
Br

g SIS
(] @ O
Br Br
BB13 BB14 BB15

10

[0155] Example 2: Scheme A2: Synthesis of Substituted 2-Bromophenyl-Benzyl Ethers
via 2,6-dibromo-4-methyl-phenyl benzyl ether

=

Br
N =~ 1p Suzuki N X
OBn (RO),B X conditions OBn

Br Br

15

Scheme A2(a):
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R H2, Pd/C for Prot = Bn HCl for Prot = MOMR ~ R 7 protected biaryi phenol
71 WD 03/091262 PCT/ US03/ 12811 Detail ed exanple of a |ligand synthesized
accordi ngwoe3Senrerre Bl: Step 1 B(O Pr)2 1) Pd(PPh3)4 Na2@C3/usayi8iiyOH OBn
2) HCI, McOH Br BB14 BB20 BB26 Step 2 1) K2C03 or Cs2CO3, acetone,

Br-(CH2)4)-Br 2 "eOBn OH HO 2) H2, Pd/C/ ~ | BB26 LLI 5 Exanple 8:

Bui | di ng Bl ock BB26: Procedure Bl Step 1: Od BB26 10 [0167] A mixture
of the benzyl ether protected 2-bronophenol 4, 670 ng, 1.7 mmol), the
in situ formed O THP protected ary boronic ac 8520, 750 , 2.5 mmol),
Na2CO3 (1.5 nL of a 2 Msolution in water, 3 | ) and di netpexy et hane (10

m.) was degassed h arggp. Pd(PP (230 mgpPHY, 2 mMmol
ed at 885&€CPor 16 h un argon. Et hyl
ure was—dried ove > 4. After

e THP ether g3_cl eaved in the

OH (1 ni).

acetate (30 ni) dded—and—t he
filtration, the
presence of HC1(0.2 nL EA (1 n),

aryl bromide aryl boronic acid

and

[0156] Synthesis of Building Block BB16:

[0157] n-Buli (4 mmol, from a 1.6 M solution in hexanes, 2.5 mL) was added slowly to
a solution of the aryl bromide (3.72 mmol, 1 g) in THF (10 mL, anhydrous) at — 78°C
under an atmosphere of argon. After stirring for 10 min at that temperature, triisopropyl
borate (4.3 mmol, 988 pL) was added slowly and the temperature was allowed to come
10 to room temperature (30 min). After stirring for another 30 min, the solvent was removed
and the crude aryl boronic acid was used without further purification. A mixture of the
protected 2,6-dibromophenol (benzyl ether, 1.07 g, 3 mmol), the boronic acid (3.72
mmol), Na;COj3 (2.5 mL of a 2 M solution in water, 5 mmol) and dimethoxy ethane (15
mL) was degassed with argon. Pd(PPhs)s (170 mg, 0.15 mmol, 5 %) was added and the
15 resulting mixture was stirred at 85°C for 16 h under argon. Ethyl acetate (30 mL) was
added and the mixture was dried over Na,SQ,. After filtration, the solvent was removed
and the crude product was purified by flash chromatography (Ethylacetate/hexane =
1/10) to give 1.143 g of the product BB16 (2.46 mmol, 82% yield).
[0158] Some additional building blocks synthesized in a manner similar to that described

20  above in connection with Scheme A2(a):

J g SO e
® ® ® U
OBn OBn OBn OBn
Br Br Br B

r
BB17 BB18 BB19 BB34

25
Part 2: Synthesis of Boronic Ester Building Blocks
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The crude product was purified by flash chromatography (Ethyl acetate/ hexane
= 1/10) to give 638 ng of the product BB26 (1.56 mml, 92%yield). "H NWR
(300 MHz,wGQDELBRs2 72 WO 03/ 091262 PCT/ US03/ 12811 7.64 (dPom/Uusd3/rst1 Hz,

2H), 7.35-7.52 (m 7H) 7.05-7.25 (m 5H), 7.72 (d br, J =7 Hz, 2H), 4.27
(s, 2H), 1.40 (s, . Exanple 9: Ligand LL1l: Procedure Bl Step 2: 5 COH HO
LLI [016MM§ cheme A3he phenol buil ding bl ock (BB26) (418 ny, 1.01
inmol ), 1,4- dibronobutane (109 ng, 0.5 nmol), and K2C03 (260 rags, 2 mol)
in acetone (5 nL) 10 was stirred C for 16 hours. After filtration, the
sol vent was repgpved and the crude duct was di ssolved in hyl acetate
(2 nL) and Et O} (2 rrLghhyqnzpy(amoo ng, 010 % on blné ted car 5

and the suspensieR wa®!dthTer ed under an Bbsph
and at 50C for 3 houAfter i Itrat’
r

room t enper at

the sol vent, crude product was pu ed by ?)IBéQFi’r)@hro Pogr aphy 15
(Ethyl acet at e/ hexane = 1/10) to yi 403:89 of the final product LL1 as a
white solid (0.297 mol, 59 %. 1H._ %r?o MHz, CDC13): BB (d br, J =7
Hz,4H),736(ter=7Hz 4H) 7.6734(m8H) 718(d J=25
Hz, 2H), 7.09 (t, J = 7.5 Hz (d, J =8 Hz 6. 00

3.94 (br, BH9) irodugtion ofmTHR( fra x«iromam protggtimy Sriiare ARG I|gands
th d t

i M T T TR R e e

Exanpl e 10plhuBdédulfonge BFPICIK‘,”BB?@ lﬁﬁﬁholﬂd m&BﬁBn@&ﬂW@@DO%WaS stirred

PCT/ US03/ 12811 0170% Accordin cheng Bl and ng(gr%PrﬁﬁfeqilI: e Bl Step

1, the in Br{@hgéromicgpperatirpy 6‘?%‘ g QNS (vashed/w ﬂ) h@@ot ected

2- br omophepal, il %&%d@v@?ﬁe%}%ﬂ%ﬁreﬁl bf the 3¢ty tdctbd®-m of a

the
2 Msolution 1n wa oxy etﬁane P? rL were reacted in
t he prmsenigemophda Riak BoBatddB4s aya@;],ov(le(BSrg;rdMnnﬁola%%BC for 16 h. After

cl eavage O[f01é0r]]ch->rrr|}|1|Ztlggr(])%\the%oro cl:J cresltI:rl Cr?— Iu 1(l. %n%no 1];12;[ Pgl\ﬁ) nggrg in

hexanes) was added slowly to a solution of the THP-protected 2-bromophenol (1 mmol)
in THF (5 mL, anhydrous) at — 78°C under an atmosphere of argon. After stirring for 10
min at that temperature, triisopropyl borate was added slowly and the temperature was

15  allowed to come to room temperature (30 min). After stirring for another 30 min, the
solvent was removed and the crude THP-protected boronic ester (BB20) was used
without further purification.
[0161] Some additional building blocks synthesized in a manner similar to that described

above in connection with Scheme A3:
20

O-THP O-THP OH
i B(O'Pr), i _B(OPr), )\: _B(OH),
F
BB35 BB36 BB37

(hydrolysis of BB20)

Example 4: Scheme A4:
25
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BB27 was obtained (0.268 mmol, 54%yield). "H NWR (300 MHz, CDCl13): 7.52
(t, J =2 Hz, 1H), 7.35-7.42 (in, 5H), 7.22-7.30 (m 2H), 7.05-7.20 (5H),
6. 65 (dbrwod3moizerz, 2H), 4.29 (s, 2H), 2.47 (s, 3H), 1.%®¢T(Es03/18IH). 10
Exanmple 11: Ligand LL2: OHHO O O LL2 15 [0171 1 According to Schene B 1
and General Procedure B 1 Step 2, a.ixture of the phenol building block
BB27 (128 ngy, 0.268 mmol ), propane 3-diol-di-p-tosylate (51 ny, 0.134

mol ), and Cs3Gd3 (163 nmys, 0.5 Lh acetone (2 nL) was stirred at 60C
for 16 hours. Af"[eBer stidFﬁﬁ?’rﬁ@VrQMe benzyl T et her u&dﬁ{juan at mosghefe of H2
(500 psi) i "ores&hd® of Pd/ C (50 e B5% Pich) in ethyB@E8rate
(Im), EtCH ) and 20 AcOH (1 dro t 50C for 2 h, th pduct was
purified by fl'ash chronmat ography to gi 54 ngz)(ﬁ(otpl‘?é pr o LL2 (0.066

mmol, 50%yield). 1H NVR (300 MHzgupRpd@lied?- 48 (d, J.= 1 Hz, 2H),
7.32-7.40 (m 6H), 6.98-7.20 (M BilrombthidohéRol J = 8 Hz, 2H)BB31 70 (s,
2H), 4.06 (t, J = 6 Hz, 4H), 2.33 (s, 6H), 2.05 (tt, J =6 Hz, 2H), 1.31

(s, 36H). e.12: Ligand LL3: 74 WD 03/091262 PCT/US03/12811 OH HO
/1 00 L 65[X g‘%’“ﬂﬁ&#&%ﬁ&“@@@@ﬂ’e@é 2313 amanat: deltydromranc@adrs: 264 St ep
2, a m Xt upndd ﬁd‘ﬁyr‘dﬁhﬁﬂl_ g I 3 2.0, 2 mol ),

1, 4-di bronobut_;?]e (213 ny, %OFO?%%JG%{H%%% f‘?ﬁﬂ%ﬁ?@;&%% mr%la{g‘;‘g/le °a nol ) in
acet ones ( 2chphidad90gnl ) westtiated 60 § bpt shonhiwmpsratdé.t The Sdsulting Relutibe wasnzy|

So6 Al ari chysten BHTHE NI A0 pine abEted v Noasl AR UPOBE ot 00
for 2 h, tmvemt,qﬁeumw@@teeteaiztfbl%gmwoﬁﬂe%hwg@fseﬂ%ggag 5&@@&%@@5}6 0 o

t he product LL3 Q)O. 043 mmol, 41%yield). 1H NMR
10 (m 10HMMPLIEY). {Ehe(qppregpanding BEP-prhtectedbatobir, es@H{BBEL )9as(epazdd) , 3, 91

(s br, 4H) S . 49.(s.br, . 4H), 1.31 (s, 36H). Exanple 13:
Bui | di ng B cgé&ﬁ%%ﬁand@@metﬁogs déscnbed abolx_fg.

10
Part 3: Synthesis of (0,0)- and (O,S)-Bridged Building Blocks

Example 5: (0,0)-Bridged Building Block BB22:
15

Br Br

[:i:T/O\V/A\V/O\I:i:]
BB22

[0163] A mixture of bromophenol (40 mmol, 4.64 mL), 1,3-dibromopropane (20 mmol,
2.03 mL) and Cs,CO; (50 mmol, 16.3g) in acetone (100 mL) was stirred at 60°C for 16

20 hours. After addition of CH,Cl, and filtration, the solvent was removed in vacu and the
crude product was dried in a vacuum oven to give 5.77 g of BB22 (75%). (characterized
by GC-MS, '"H NMR)

Example 6: (0,S)-Bridged Building Block BB23:
25
Br Br

BB23

[0164] A mixture of bromophenol (4.62 mmol, 800 mg), 1,4-dibromobutane (20 mmol,
4.32 g) and K>CO;3 (10 mmol, 1.38g) in acetone (10 mL) was stirred at 60°C for 1 hour.
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15 a NOBn OH BB28 [0173] According to Schenme Bl and General Procedure
Bl Step 1, the in situ generated O THP protected boronic acid BB20 (4.5

mrol ), t wopBo9re6l ed 2- br onophenol building 20 bl ock BB2PC3/UR0Nmashy 1. 64
g), Na2C33 (3 n1_ of a 2 Msolution in water, 6 mol) and di net hoxy et hane

for 16 n - AREAAEHERoLEELCR Y BT e?‘:ee&%g&d%#mnﬁzeé@q%e9@%2%% the
product BBR&s ?ﬁgﬁ@@bﬁﬂaﬁﬂc&gm%gﬂgﬁ% (]Zjltglg'féﬁsné’thﬁhﬁ)(ane ‘HINM?K( 0%991 %%ﬁ)o@mlg’)

8.15 (d br, Hg 8. 62
(t br, J =t® meduckif.15 npeolgd¥% vieddpBromo ophenql (28p mmol) 384 m,g) AEC0sq185 (s,

75V\D 1 EXx 4: Ligand.LL4: 5 PN NN OH

[°0 ol ﬁ%gff’d’f%ftgigf@%iigefe R b SRS T
St ep 2, 5 a 605 fure furs. Aetel Addibiemer cHgtcnz dndlﬁltfah@ﬁ KhBBAGerdt 424 r88ovelt 1877
mmol ), 1, 4-di bné)grmbutane (116 ITE ), and Cs2C03 (489 ngs, 1.5
mol ) in a88edr®3(Sohiby pipdycEBB $é‘H0%1tm1@dL8&°/@D’1€‘4d) (vdaaragterlmd@rG&MrSr [Hg the
benzyl et hgg %)mder an atnosphere of H2 (500 psi) in the presence of Pd/C
(50 nmg, 5% drich) in ethyl acetate (InL), EtOH (1 nL) and AcOH (1 drop)
at 50C for 2 h, the product was purified by flash chronmatography to give
320 15 ng of the product LL4 (0.41 mmol, 38%yvyield). 1H NWR ( 300 VHz,
CDC13) 10 8. Bartgle 70 Syminsitler (A0 ante ¢3S d 7 7.05-7.33
(m 204, 6 81§(dd yHhEsIEeL t% Esr HdgehBlsm?ngmﬁ%E%“% (s br, 4H).

.33 (s, 6H), 1.68 (s br 4H) 20 Exarrple 15: Ligand LL5: ,N CPN

PdCly(dppf) % ﬁl-—\—~

Br Br KOAG, toluene
@/O\/\/O\[j
BB22 i r ©/ \©

BB24

Building Block BB24:
15

[0165] A mixture of the (O,0)-bridged bis(arylbromide) BB22 (397 mg, 1.03 mmol), the
boronic ester (574 mg, 2.26 mmol), KOAc (607 mg, 6.16 mmol) and toluene (15 mL)
was degassed with argon. PdCly(dppf) (50 mg, 0.06 mmol) was added and the resulting
mixture was stirred at 85°C for 16 h under argon. After filtration, the solvent was

20  removed and the crude product was purified by flash chromatography (CH,Cly/hexane =
10/1, add 1% of NEt3) to give 240 mg of the product (0,0)-bridged bis(aryl boronic
ester) BB24 (0.5 mmol, 50% yield).

25  Building Block BB25:

BB25 ’

[0166] A mixture of the (O,S)-bridged bis(arylbromide) BB23 (416 mg, 1 mmol), the
30 boronic ester (559 mg, 2.2 mmol), KOAc (588 mg, 6 mmol) and toluene (15 mL) was

degassed with argon. PdCly(dppf) (50 mg, 0.06 mniol) was added and the resulting
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OH HO O LL5 25 [0175] According to Schene B 1 and Ceneral Procedure B 1

Step 2, a mixture of the phenol building block BB28 (1.202 g, 2.64 mmol),

pr opane- Iw8-odiopi26zli p-t osyl ate (506 ny, 1.32 mmol), Cs2CORCrAIS6312311 5 Mol )
in acetone (5 nL) was stirred at GOCfor 16 hours. After stirring the

benzyl et her; er. 5 S in the 76 WD 03/091262
PCT/ US03/ 1381 épi ?%%%%&%Eo %é% J@bafgg Ag&’ ()f%lffe‘ilﬁm ithe sol¥ept Waget ate (2
m.) and Et frh¢ediand }headruddtodfi@wa plrified By BagH

chr omat ogr%y Jive 6%815} of ”%m oduct %ﬁ%m%éé@ﬂ%mé@éﬁ%m NVR
(300 MHz %ﬁdl of §lEty to glVﬁ léomgogﬂw produgo(OzS BBridgedybis( Byl bor6nB8- 9. 95
(m . 4H), 3.95 (t, 4H), 2.35 (s, 6H), 2.14 5
(tt, 2H). eé&hﬁzfi%mngg%&ﬁl)%WS 18 (d, J =8 Hz, 4H), 7.09-7.39 (m
18H), 6.88- 9.95 (m 4H), 6.30 (d, 2H), 5.55 (s, 2H), 3.95 (t, 4H), 2.35
(s, 6H), 2.14 (tt, 2H). Exanple 16: Building Block BB29: Jn 10 BB29
[0176] Accor di NPaft®B:SSHeiRR : the in situ
generated O THP protect eds%g@g)())f%ﬁla acl ﬁ&%ﬁlﬁﬂ%l”f aj’gtsthe pr ot ect ed
2- br onophegglemd¥i . di ng bl ock BB9 (0.5 mmol, 226 ngy), Na2C3B (0.5 nL of a 2
M sol utj on In water, 1 15 nmol) and di rrethoxy ethane (7 nmL) were reacted in
the presence of Pd(PPh3)3 (80 ny, é) 07 nmol ) at 85C for 16 h. After

cl eavage of the THP ether and purif |1on 135 ng of the product BB29 was
obtained (0.29 mml, 58%yield). 1H NI\/R (300 MHz, GCL3): R,8.45 (s, 1H),
8.05 (d, J = 8R5 Hz, 2H), 7.7 (Q'?J‘)z J = &PacmyzedZH) 7 7.45 (m 10H),
7.02- 7.10 (m™ B2 95 At -OTHB I—|z°r°9fFB“P"”6 80 (t, Br6 Hz, 2H), 6.05
(d, J =8 Hz, 2 .05 20 3H)™. Examplenl7: Ligand LL6:
77 WO 03/ 091262 PET/ B853/ 1381 z |mE§% os =AU \| 2 Bn + TsO'\ ~OTs
OBn / BnO acetone-’

0

protected

protected THP-protected phenol biar
2-bromophenol boronic ester farviphenol
Step 2
1) Bridging Step:
LG LG
R4 Ro (LG =Br or OTs, B = bridging
O group) R4 Rz Ro R4
O-PG K2C03 or 032C03 O O
2 eq. acetone OH HO

OH
O 2) Deprotection Step: O %
R; H,, Pd/C for Prot = Bn O k/ \_J O
HCl for Prot = MOM Ry B R
protected
biarylphenol
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BB29 benzyl ether protected internediate H2, Pd/CZ OH HO 0~ O LL6
[0177] According to Schene B 1 and CGeneral Procedure B 1 Step 2, a mxture
of the pwemealvtrat | di ng bl ock BB29 (135 ng, 0.29 mmol ), pPoparses/12811
1,3-diol-di-p-tosylate (56 5 ng, 0.146 mml), and Cs2CO3 (196 ngs, 0.6
rrrml) in acetone (2 nL) was stirred at 60C for 16 hours. After stirring the
benzyl et Mataitedoxxavipde of aligand synthesizadorgcording s felgwpePl: of H2 (500 psi) in
the presence of Pd/C (50 rug, 5% 57% H20O, Johnson Mathey) in THE (I nL)
and EtOH (1 nl) at 50C for 2 h, theSgepdlct was purified by
chr omat ogr aphy (Et hyI acet at e/ hexane = 1/10) to give

e product

LL6 10 (0. 062 | By 1H N (F,%)oo MHz1) PEBEASR) © 7 = 7.5 He,
1.5 Hz, 2H), = 7.5 %_k,p, 7TNOECQEt, J = . 2H), 6.99 (d,
J=15H, 2 2H) , 682 T d —F—=25+1, &OBD (d, J = 8
Hz, 2H), 4.0 (t, dBrb Hz, 2. 70- 2.288CK WeOIBH) , QY 6H),

2.18-2.46 (m 4H) pg2.02 (tt, J 5.5 Hz, 2H), 1.50-1.78 20H). [0178] In
anot her experinent, the benzyl ether protected internmedifdte was isolated in
15 80%vyield. 1H W4(300 MHz, BERC13): 8.51 (s, 2H), 8.@mokd, J = 7.5 Hz,
4H), 7.85 (d, J = 7.5 Hz, 4H), 7.12-7.48 (m 18H), 6.98 (t, J = 7.5 Hz,

2H), 6.82 (t, J = 7.5 Hz, 2H), 6.70 (t, J—7.5 Hz, 4H), 6.51 (d, J = 8Hz,
2H), 5.90 (d, J = 7.5 Hz, 4H), 394{ 3.88 (t, 4H), 2.45 (s, 3H),
2.01-2.05 (m2H). [0179] AdditionalS ?Baz]ds synt hesized in a manner simlar
to that described according to 20 Schene Bl include, 78 WQ 03/091262

PCT/ US03/ 12811, F F Il V'V I FFOHHOOH|tO | ¢ QL \ ~I F
F OH HO OH O+ \

acetone, Br-(CH,)4)-Br

[ LLO KLddr Cs,CO4, O
OH

2) Hy, Pd/C O Oc~—0

Example 8: Building Block BB26: Procedure B1 Step 1:

I OBn

i OH
BB26

10
[0167] A mixture of the benzyl ether protected 2-bromophenol (BB14, 670 mg, 1.7

mmol), the i situ formed O-THP protected ary boronic acid (BB20, 750 mg, 2.5 mmol),
NayCOs (1.5 mL of a2 M solution in water, 3 mmol) and dimethoxy ethane (10 mL) was
degassed with argon. Pd(PPhs); (230 mg, 0.2 mmol, 10 %) was added and the resulting
15  mixture was stirred at 85°C for 16 h under argon. Ethyl acetate (30 mL) was added and
the mixture was dried over Na,SO,. After filtration, the solvent was removed and the
THP ether was cleaved in the presence of HC1 (0.2 mL), EA (1 mL), and MeOH (1 mL).
The crude product was purified by flash chromatography (Ethylacetate/hexane = 1/10) to
give 638 mg of the product BB26 (1.56 mmol, 92% yield). 'H NMR (300 MHz, CDCl):
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o~
- ©

10

15

20

CF3 F3C\ \' \ OHHOOHHO / OO/ \ I OO\ I LL11 LL12 _NN /
HO / OO/ / OO LLI3 LL14 79 WD 03/091262 PCT/US03/ 12811 N N F
wo/o3/0@6HO \ | | / OHHOO O\ FF\ I | LL52 PpC3A5sodadil \ / COH

1262 PCT/US03/ 12811 N\ VN T

90
5
QT
6

OF F MO Owe LL54 LL55

/
0~
N N O O HO
(A5, TR Hz 20, R3D-752 (B, LB PSS 5D, 1.7 (&on, 77 H,
2H), 4.27 (s, 2H), 1.40 (s, 9H).

Example 9: Ligand LL1: Procedure B1 Step 2:

o~ e

LL1

[0168] A mixture of the phenol building block (BB26) (418 mg, 1.01 mmol), 1,4-
dibromobutane (109 mg, 0.5 mmol), and K,COs (260 mgs, 2 mmol) in acetone (5 mL)
was stirred at 60°C for 16 hours. After filtration, the solvent was removed and the crude
product was dissolved in ethyl acetate (2 mL) and EtOH (2 mL). Pd (100 mg, 10 % on
activated carbon) was added and the suspension was stirred under an atmosphere of
hydrogen for 16 h at room temperature and at 50°C for 3 hours. After filiration and
removal of the solvent, the crude product was purified by flash chromatography
(Ethylacetate/hexane = 1/10) to yield 205 mg of the final product LL1 as a white solid
(0.297 mmol, 59 %). "H NMR (300 MHz, CDCls): 7.52 (d br, J = 7 Hz, 4H), 7.36 (t br, J
=7 Hz, 4H), 7.26-7.34 (m, 8H), 7.18 (d, J = 2.5 Hz, 2H), 7.09 (t, ] = 7.5 Hz, 2H), 6.89
(d, J= 8 Hz, 2H), 6.00 (s, 2H), 3.94 (br, 4H), 1.78 (br, 4H), 1.32 (s, 18H).

[0169] Some additional ligands synthesized in a method similar to that just described

according to Scheme B1 chosen to exemplify some variations in the synthetic method:

Example 10: Building Block BB27:

J

OBn

<8
BB27
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LL17 LL28 PN N/ I V' 1 \ NNOHHO OH HO LL19 LL20 %WV OH HOOH HO O
~O\ LL21 O LL22 NNNN / OHHOOH HO | LL23 \ \ | LL24\ | wvia

hyr dogenawpan/opf26zar bazol e |i gand LL5 81' WO 03/091262 PETIuS031282811
Schenme B2: Synthesis of (0,0)-Bridged Li gand vi a Upper Phenyl Ri ng/Lower

Phenyl Doubl ki hi Co B( OR
(ORy 2 Zn OV Z CRocqraebefe Sekerpe B o5 Giecyml eperbrrip] Step R %?a%ruléeng%ﬁeéki or

ygg'r 3[”ect | O%ﬁ%o %?c eﬁﬁ@ﬁ%‘z@%m h‘ﬁ@%”th@p%&%édk%ﬁﬁ%@'ﬁ F@buﬂ'aﬁ gand LLo5:
2 B Bl7 BBBaA(QA) nﬁd«élE’E’Blh)r@), Na,COs3 (0.5 mL of a 2 M solution in Water 1 mmol) and
dimethoxy ethane (7 mL) were reacted in the presence of Pd(PPhs); (80 mg, 0.07 mmol)
5  at 85°C for 16 h. After cleavage of the THP ether and purification, 128 mg of the product
BB27 was obtained (0.268 mmol, 54% yield). 'H NMR (300 MHz, CDCls): 7.52 (t, T=2
Hz, 1H), 7.35-7.42 (m, 5H), 7.22-7.30 (m, 2H), 7.05-7.20 (5H), 6.65 (dbr, J = 7 Hz, 2H),

4.29 (s, 2H), 2.47 (s, 3H), 1.34 (s, 18H).

10
Example 11: Ligand LL2:

Seatans

O O ~_-° O
LL2

15 [0171] According to Scheme B1 and General Procedure B1 Step 2, a mixture of the
phenol building block BB27 (128 mg, 0.268 mmol), propane-1,3-diol-di-p-tosylate (51
mg, 0.134 mmol), and Cs,CO3 (163 mgs, 0.5 mmol) in acetone (2 mL) was stirred at
60°C for 16 hours. After stirring the benzyl ether under an atmosphere of H, (500 psi) in
the presence of Pd/C (50 mg, 5%, Aldrich) in ethyl acetate (1mL), EtOH (1 mL) and

20  AcOH (1 drop) at 50°C for 2 h, the product was purified by flash chromatography to give
54 mg of the product LL2 (0.066 mmol, 50% yield). 'H NMR (300 MHz, CDCls): 7.48
(d, J=1Hgz, 2H), 7.32-7.40 (m, 6H), 6.98-7.20 (m, 8H), 6.76 (d, ] = 8 Hz, 2H), 5.70 (s,
2H), 4.06 (t, J = 6 Hz, 4H), 2.33 (s, 6H), 2.05 (it, J = 6 Hz, 2H), 1.31 (s, 36H).

25
Example 12: Ligand LL3:
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Br K3POX, DV fOHO 2) H2, Pd/C ~0O1B, O O1B, O LL25 BB24 10 [0180] A m xture
of the 2-bronophenol benzyl ether BB 17 (319 ng, 0.84 mmol), the diboronic
ester BBMO(8O#2ry, 1.26 nmol), K3P04 (318 ny, 1.5 mmol) &Rd/UBNF12851 i nL)
was degassed with argon. Pd(PPh3)3 (230 ng, 0.2 nmmol, 10 nol% was added
and the resulting mxture was stirred at 85C for 16 h under argon. After
renoval of the 15 solvent in va t he crude ture was purified by flash
chromat ography to give 80 ng of Jthe bridged i nternmediate. After stirring
t he benzyl ether internediate ungsy an atnosphere of H2 (500 psi) in the

presence of Pd/C (20 ng, 5% in THE and EtOH (1 nL) at 50C
for 2 h, the product was ¥ | ash Aphy

(Et hyl acet at e/ hexane = 1/ 0 givel34 ny gduct LL25. 1H NWR (300
MHz, 20 CDC13): 7.32 (dd, 7 1 Ft, 2H) ,

(td J=7.5H, 1 H,

2H), 6.9-7.13 (m 12H), 4 (s, 2H), 4.01 (t, J

= 6 Hz, 4H), 2.37 (s, 6H), ] 2.1 ), 2.03-2.5 (m 2H)
Scheme B3: Synthesis of (0 Bri dged Li gand vi a (, -Bridged Bis(Aryl 25
Bromi de) 82 WD 03/091262 P /U803/12811l tep 14 B(OR)2 B(CH)2 ZnX R Br
OTHP 5, 0H O THP or or O PG R7 / (Z’ § F uzuki or Negi shi
cr 0ss- cougM 7Rl Ascprdingfo Sehempdie WI@IP% aiee) étepk) a mixiure of the

phenol building block BB27 (100 mg, 0.209 mmol), 1,4- dibromobutane (23 mg, 0.105
5 mmol), and Cs,COj3 (130 mgs, 0.4 mmol) in acetone (2 mL) was stirred at 60°C for 4

hours. After stirring the benzyl ether] under an atmosphere of Ha (500 psi) in the
presence of Pd/C (50 mg, 5%, Aldrich) in ethyl acetate (1mL), EtOH (1 mL) and AcOH
(1 drop) at 50°C for 2 h, the product was purified by flash chromatography to give 36 mg
of the product LL3 (0.043 mmol, 41% yield). 'H NMR (300 MHz, CDCl3): 7.25-7.48

10 (m, 10H, 7.02-7.15 (m, 6H), 6.85 (d, J = 7 Hz, 2H), 5.92 (s, 2H), 3,91 (s br, 4H), 2,31 (s,
6H), 1.79 (s br, 4H), 1.31 (s, 36H).

Example 13: Building Block BB28:
15

BB28

[0173] According to Scheme B1 and General Procedure B1 Step 1, the in sifu generated

O-THP protected boronic acid BB20 (4.5 mmol), the protected 2-bromophenol building
20  block BB2 (3.7 mmol, 1.64 g), Na,CO; (3 mL of a 2 M solution in water, 6 mmol) and

dimethoxy ethane (15 mL) were reacted in the presence of Pd(PPhs); (231 mg, 0.2

mmol) at 85°C for 16 h. After cleavage of the THP ether and purification, 1.21 g of the

product BB28 was obtained (2.66 mmol, 72% yield). 'H NMR (300 MHz, CDCl5): 8.15

(d br, = 7.5 Hz, 2H), 7.25-7.42 (m, 10H), 6.92-7.08 (m, 3H), 8.62 (t br, J = 8 Hz, 2H),
25 6.23 (dbr, J =17 Hz, 2H), 4.05 (s, 2H), 2.45 (s, 3H).
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RBr R4ABr Br RA& LGLG2 OPG\"- B--"/ TOPGPGO COHbasel OB/ OR7
R7 / R7 Step 3 RA Br Br R4 2 RR-B(OR)2 or OPGPGO 2 R2-ZnX deprotection
O O Suzukwoams/odNegi shi cross-coupling R7 R7 conditions ReCRAUSRZ1IB4H OH HO
R7 R Exanple 19: Detailed exanple of 2-Br substituted, upper-ring
protected, lower ring deprotected building block synthesized according to
Schene B3, Step 1: 5 83 WD 03/091262 PCT/US03/12811 Br OBn OOH [0181] To
a solution of 690 ng (5.0 mml) of 2-bronophenol -6-boronic acid and 1.70 g
(4. 95 mmol Exanpk, Bt diiparwahbl4: net hyl phenol benzyl ether in 15 nL of degassed
dnme was 5 added 289 ng (0.25 nunol, 5 nol% Pd(PPh3)4 and 3.2 nL of
degassed 2.0 M ag. Na2CO3. After heating to 80 C for 4 h, the reaction

m xture was cooled to RT and poyreg into etpe | sol ati on and
concentration of the organic |ayg f ol | owed col umm chr onat ogr aphy
(silica gel, 10%ethyl acetate/hexanes elue provi ded 604 nmg (33% of
pure product as a white so F v 13y: 2.41 (s, 3H); 4.72
(s, 2H), 10 6.73 (s, 1H; 7. | apg plets 11 H). Exanple
20: Detail ed exanpl e of bri dge# ~gwpper-ring 2Hg pbsti tuted buil di ng bl ock

[0174] According to Scheme B1 and General Procedure B1 Step 2, a mixture of the

10  phenol building block BB28 (490 mg, 1.077 mmol), 1,4-dibromobutane (116 mg, 0.54
mmol), and Cs,COs3 (489 mgs, 1.5 mmol) in acetone (5 mL) was stirred at 60°C for 4
hours. After stirring the benzyl ethers under an atmosphere of H, (500 psi) in the
presence of Pd/C (50 mg, 5%, Aldrich) in ethyl acetate (1mL), EtOH (1 mL) and AcOH
(1 drop) at 50°C for 2 h, the product was purified by flash chromatography to give 320

15  mg of the product LL4 (0.41 mmol, 38% yield). "H NMR (300 MHz, CDCl;): 8.10 (d, J
=8 Hz, 4H), 7.43 (dd, J = 7.5 Hz, 2 Hz, 2H), 7.05-7.33 (m, 20H), 6,81 (dd, J =8 Hz, 0.5
Hz, 2H), 6.02 (d, 2H), 3.8 (s br, 4H), 2.33 (s, 6H), 1.68 (s br, 4H).

o G

25  [0175] According to Scheme B1 and General Procedure B1 Step 2, a mixture of the
phenol building block BB28§ (1.202 g, 2.64 mmol), propane-1,3-diol-di-p-tosylate (506
mg, 1.32 mmol), Cs,CO3 (1.63 g, 5 mmol) in acetone (5 mL) was stirred at 60°C for 16

20 Example 15: Ligand LLS5:

‘hours. After stirring the benzyl ethers under an atmosphere of H, (500 psi) in the
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OBn BnO 15 [0182] To a solution of 604 ng (1.64 nmol) of

2- br ol no- 4- net hyl - 6- (2- hydroxyphenyl) 20 phenol benzyl ether and 315 ny
(0. 82 MmuWP B9126B- propanedi ol di-p-tosylate in 10 nL of pagaiSoesnas added
1.11 g (3.3 nmol ) of Cs2CC3. After stirring att RT for 16 h, the soln. was
filtered and the volitiles were renoved. Col umm chrorratogr%{)(hy (silica gel,

10% et hy| Brseenge of R aZdsmal e drighlonicthsd acgtate (g mId syl EgOH Renlr 3dGE as a

a4 o (82 6P Vs TR o fckng L yé oJg meor @hbregles !
Det ai | ed exnppd.62 aimél, b2BANH NVK (305IMEE, @DCHY):.d. 1®)(d, 0 =SCHeH)R3.093.8p 3:

84 V\D 03/091262 PCT/US03/12811 1 i \ OHHOOA % \ | 0%&83%@1_0. a .
sol ution ofm1 N80 - AR D) 68f (.178D)ef 56 et Hu3 -PaltadHbI B3k (e brd- Med i n

Exanpl e; 20 e1gi I i f ags _ayg%e(g] ). 51
mol ) o? @?ﬁj Gﬁtl’l m@ﬁ@%@%n@?“ﬁ%gn@?a@. ?q{‘ﬁrjg%&g\?@?% 3 rfﬁép,q’%l'g@rml %
of Pd( PPh3%45gangl4Hp0®%.30 @f, 2He,ghSS602H),0.98 @atH)N23C08 .6Hf 2.84 (i) ng to 85 C
for 16 h, the reaction m xture was cooled to RT and poured into ether.

| sol ation and concentration of the organic |ayer, followed by colum

chr omat ogr BEamples16:iBuilding Bl BB  acet at e/ hexanes el uent),  provi ded 48
nmg (42% of the dibenzyl protected product as a white solid. 1H NWMR 10
(CDC13): 1.88 (m 2H); 2.10 (s, 12H); 2F34y(s, 6H); 2.35 (s, 6H); 3.81 (t,
4H); 4.21 (s, 4H), 6.3-7.6 (overl appi ng tiplets, 26 H). [0184] After
hydr ogenati on (200 psi H2, 50 C) of the zyl product in 5 nm of 1:1

Et CAc/EtOH with 50 ng 5% Pd/ C cat 4 purification by colum
chromat ography (silica gel, 10%eth exanes el uent) gave 27 ngy
(71% of the 15 ligand. 1H NWVR (300 ™ C¥3): 2.0-2.1 (overl apped peaks,
14H); 2.30 (s, 6H); 2.34 (s, 6H); 4. 4H); 5.40 (s, 2H); 6.7-7.6
(overlapping nultiplets, 16 H). Examptg . Additional exanple of a |ligand
synt hesi zed according to Schene B3, s 20 3: OH HO\

10 BB29

[0176] According to Scheme B1 and General Procedure B1 Step 1, the in situ generated
O-THP protected aryl boronic acid BB20 (0.7 mmol), the protected 2-bromophenol
building block BB9 (0.5 mmol, 226 mg), Na,CO; (0.5 mL of a 2 M solution in water, 1
15 mmol) and dimethoxy ethane (7 mL) were reacted in the presence of Pd(PPhs); (80 mg,
0.07 mmol) at 85°C for 16 h. After cleavage of the THP ether and purification, 135 mg
of the product BB29 was obtained (0.29 mmol, 58% yield). "H NMR (300 MHz, CDCl,):
8.45 (s, 1H), 8.05 (d, J = 8.5 Hz, 2H), 7.75 (d, J = 8.5 Hz, 2H), 7.22-7.45 (m, 10H), 7.02-
7.10 (m, 2H), 6.95 (t,J = 7.5 Hz, 1H), 6.80 (t, J =7 Hz, 2H), 6.05 (d, J = 8 Hz, 2H), 4.05
20 (s, 2H), 2.48 (s, 3H).

Example 17: Ligand LL6:
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~ [0185] Solutions of 141 L of 2 Mo-tol MgBr in THE and 141 pL of
(())g :\/I/ZnCNJiZ i[n 2]5 THE were conbined in 1 nL of anhydrous THE and al | owed
to react wDORI9262 1 h. To this solution was added 55 ngPC@/E83/mswl ) of
the di bromo buil ding block described in Exanple 20 above, and 1.0 ngy
(0.003 mmol, 2 %4 of Pd(P Bu3)2. The mixture was 85 WD 03/091262
PCT/ US03/ 12811 Jted with 2 nL of THE and 1 nlL @ :
heated to 80 C fo . After cooling to RT, the T ed in vacuo
dbuted with ether and wa
opcent Lati on o;\;?g orgaﬁﬁ@%I?Ke ,

ormat ogr aphy ['si®ica gel , 1% et hyts acetate/ hexghegpider

(r:rgr(GQ% go1‘a3bty '%nzylg protected prodd®tas a |t%\39%|{/
(CD2C12): 1.9 2H); 2.18 (s, 6H); 2.35 (s, @ o1 (M
4H), 6.45 (d, 4H); 6.7-7.5 (overlapping nultipfets, 26 H. [018 e
hydr ogenation (BB@D psi H2, 40 C) of the di benzylbeg{)/pe%rc';otéctgdia%%@%l X 10
Et OAc/ EtOH with 50 ng 5% Pd/ C catal yst for 3 h, purification by um
chromat ography (silica gel, 10% et hyl acetate/ hexanes quEHﬂ@Mgave 23 ny .
(7799 of the ligand. 1H NWVR (300 MHz, CD2Cl12): 1.85 (m Y2H); 2.20 (§,|6F1),
2.31 (s, 6H); 4.10 (t, 4H); 5.32 (s, 2H); 6.7-7.6 (overlapping nultiplets,
20 H). 15 Part C. Synthesis of (S, S)-Bridged Bis( 9 ¢
Scheme C: Step 1 B(OPr)2 1) Pd-catal yzed R4
coupling + ~0-M OM R7 1 &2) HJd, MOH SH r
protected THP-protected protected biaryl 2-bryg
t hi ophenol boronic ester Step 2 1) Bridging

| sol ati on and

LL6

[0177] According to Scheme B1 and General Procedure Bl Step 2, a mixture of the
phenol building block BB29 (135 mg, 0.29 mmol), propane-1,3-diol-di-p-tosylate (56
5 mg, 0.146 mmol), and Cs,COj3 (196 mgs, 0.6 mmol) in acetone (2 mL) was stirred at

60°C for 16 hours. After stirring the benzyl ether protected intermediate under an
atmosphere of H, (500 psi) in the presence of Pd/C (50 mg, 5%, 57% H,0, Johnson
Mathey) in THF (1mL) and EtOH (1 mL) at 50°C for 2 h, the product was purified by
flash chromatography (Ethylacetate/hexane = 1/ 10) to give 50 mg of the product LL6

10 (0.062 mmol, 43%). 'H NMR (300 MHz, CDCl3): 7.35 (dd, J = 7.5 Hz, 1.5 Hz, 2H), 7.18
(t, 1 =7.5 Hz, 2H), 7.05 (t, J = 7.5 Hz, 2H), 6.99 (d, J=1.5 Hz, 2H), 6.85 (s, 2H), 6.81
(d, J=1.5 Hz, 2H), 6.72 (d, ] = 8 Hz, 2H), 4.0 (t, J=5.5 Hz, 4H), 2.70-2.80 (m, 8H),
2.35 (s, 6H), 2.18-2.46 (m, 4H), 2.02 (it, J 5.5 Hz, 2H), 1.50-1.78 (m, 20H).
[0178] In another experiment, the benzyl ether protected intermediate was isolated in

15 80% yield. "H NMR (300 MHz, CDCl): 8.51 (s, 2H), 8.05 (d, J =7.5 Hz, 4H), 7.85 (d,J
=7.5 Hz, 4H), 7.12-7.48 (m, 18H), 6.98 (t, J = 7.5 Hz, 2H), 6.82 (t, T = 7.5 Hz, 2H), 6.70
(t, J=7.5 Hz, 4H), 6.51 (d, J = 8Hz, 2H), 5.90 (d, J=7.5 Hz, 4H), 3.94 (s, 4H), 3.88 (t,
4H), 2.45 (s, 3H), 2.01-2.05 (m,2H).
[0179] Additional ligands synthesized in a manner similar to that described according to

20 Scheme B1 include:
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R4 R2 (LG = Br or Ofs, B = bridging group) R4 R2 R2 R4 K2CO3, acetone 2
O-Me OH HO SH 2) Deprotection Step(cleavage of S S nethyl ether): BBr3 R7
R7 R7 prwoaswetebi aryl thiophenol 20 86 WD 03/091262 PCPCUSG83/1881 1
Exanpl e 23: A biaryl thiophenol building block synthesized according to
Scheme 0 Step 1. gOv SH BB30 5 [0187] A m xture of the S-THP protected
boroni c acid buil dj ¢ BB21 (7 mmol ), the pFotected R-bronophenol BB
14 (5 mol, 1.6 g), # inL of a 2 Msolutisq in r, 8 mol) and

di met hoxy et ha ag_degassed with argo 0O mn Pd(PPh3) 3 (280
ng, 0.25 mol, § % ] d the resu Xt&r eFwa ed at 85C
for 16 h under arg« ate (EA 15\b) Jes added ] m xture
was 10 dried ove RS filtration, tlhe Solvent was renoved and the
resi due was di @ (10n) . HGF G #ded and t he
resul ting m xture t 40C for 2 Brine was addef_ahd the

m xture was extracted wHh ethyl acetate, dried over LN82SO4, and purifi ed
by flash chromat ography (Ethyl acetate/ hexane = 1/10) to give 1.4 g of the
product BB30 (4 mmol, 80% yizFeI d). 1H NMR (300 Mjz; CDC13): 15 y.58-7.63 (d
br, J =7 Hz, 2H), ¥.30-7.42((m 6H), 7.19-7.25](in, 3H),

3.14 (s, 3H), 7 ‘ e 24: A bisgary

synt hesi zed™a LT :
According to me C Stepl onpoung

50% vyi el d. 1H YWROH300 Mz 7. 56- J =
7.38-7.45 (m O ~_0
LL9 LL10
CF3 CF3
C T oo o U . B
OH HO OH HO
LL11 LL12
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4H), 7.25-7.35 (m 2H), 7.18-7.25 (m 4H), 3.47 (s, 1H, 3.17 (s, 3H. 25
Exanpl e 25: A ligand synthesized according to Schene C Step 2. 87 WO

03/ 091262WwB@3HU36B/ 12811 OH HO S S C LL26 [0189] A m xtamaSes/1a8me bi ar yl
t hi ophenol buil ding block BB31 (55 ng, 0.188 mmol), the corresponding

di brom de (a, a'-di brono-o-xylene, 25 ng, 0.094 mol ), and K2CO3 5 (55 nys,
0.4 mmol ) in acetg : tirred at 60C )

filtration, the s®

(3 m). BBr3 (1.5 Mlsol ution in 1.5 @ s added and
the resul ti ng~pixyuré P ¥t I OO orat Ut A Bripe was
added and the K x wth et acet at e, il Na2SO4,
and purified by|fl &h chronatd§ y ( Et hyl acgt abie/ hexane G 0) to

gi ve 46 ng of S >~Q7 innol, % yoel d) ~1H N 00 MHz,
CDC13): 7.50- 7155 (d br, AH), 7. 4127748 (tbr o NF= 7 4H)
7.30-7.38 (if, AH), 7.23-7.29 ( H, 6.9 08 (m 8H), 3.9 4H) .

[0190] Additional |iganggsshat are syntheéized in a nﬁgggr simlar to that
described in Schene C: 15 88 WD 03/091262 PCT/ US03/ 1 OHHOI / I OH

HO YOHHO I / S g\S\I LL27_kL28 LL29 HOI / OHHOI / es SS LL31\
| LL30
on CL, Be
S SEN
F F MeO OMe

LL54 LL55

J O
\\:Eééggpf/ \7’!:352:// \TrEEEfFF{/ \\nggifﬁrf/
Ii'n O\\//A\\//O m!i liln o0—_0 uli

LL56 LL57
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/| HO/ HOI / s\ /1 ~ /I S\ LL33 \ A\ \ \ rOH OH HO HO OH HO S NS NS
SwS/ I/ ~I LL36 1LL34 LL35 I\ NI N1 IV IV AN\ v\ OH HO OH HO OH HO
S~~Ss S--\wWo-0389862s LL37 LL38 \ . I \ | LL39 \ I H N N FC/uso3/ 184 HO H HO
| i HHO LL40 \ | \ ) LL41 \ 89 WO 03/091262 PCT/US03/ 12811 Schene C2:
Step | B(OPr)2 1)-Rd-catal yze THP cross coupling / O M

O M 2) HCO, MO k prnophenol
THP- pr ot ect ed th| opT8 3 A ophenol Step 2

1) Bridging xanphos, NaQt Bu

20 Me OH HO @ . N
HO

gocy, g0y

}w }&w’

O\/\/ O
/

via hyrdogenatlon of carbazole ligand LL5
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R nethyl ether): BBr3 R7 B R7 protected biaryl thiophenol 5 Exanple 26: A
| i gand synt hesi zed according to Schene C2 Step 2: OH % S SLL42 [0191] A
m xt ure oWotohedpsnt ected bis aryl thiophenol (BB31) (104 wgT/Go3EB1mmol ),
the 10 correspondl ng d| brom de (1, 2-di brormbenzene 42 mg, 0.178 mnol),
NaQx Bu (48 assed tol uene {I was_added to a

sol ution 0152}%‘8{'%1383 §y1eti-em f (@Q)%E"dgﬁ%hgayéw aper RhenyRéne/Lovery, 0. 712
mol , 20% thdmngnmswm&emnm@s (équplmdlmcusm@c for 16 h under
argon. After filtration, the solvent was renoved and the residue was

di ssol ved in CH2BER:(5 ni). BBrAORR ni of a?"t!M sol ut i §n ificcHecL2, 2 15
nmol ) was adde he re 8 } n‘ix(grure/@/%red m t enperature
for 2 h. Brine s a xture aeted t hyl acet at e,
dried over N&¥SOf, 90 WO 03/0 2&1 PCTRUS03/ 12811 and purifi ed by flash
chr omat ogr aphy (et hyl acet at e/ hexane = 1/10) to give 57 ng of the pr oduct

LL42 (0.091 mmol, 51% i e%zd) 1PISNVR of BEBhIVHR-CBQLE] © 7. 15-RA 45 (R} 14H) |
7.05-7.15 (m 8H), J = gosoplingiy. 4.s, 2H). [0

Addi ti onal I|gand§th re S_[].Ule_S_I_Z_e_d_I_D_,a maniyer ‘& m | arH9o That
described in 5 Schene CZDPﬁ-l HPd&rbtdd@n S S S O 3

LL43 LL44 Exanple 27: BIRR) gand synt hesi zed by '

10 OH HO S S LL45 [0193] According to Schem® CiSrgp 2, tHE tHi ophenol
bui l ding bl ock BB31 (38 ng, 0.13 nmol), the correspondi ng di brom de

( 2- br onobe Exginpleoh§:ddgam®dLigds: 0. 13 mol ), 15 and K2C03 (110 nys, 0.8
mmol ) in acetone (2 nL) was stirred at 60C for 2 hours. After workup and
cl eavage of the nethyl @&tfers, and purification 54 ng of the internediate

2 BB17 O
1) Pd(PPhs)4 O
Br KsPO,, DMF
OH HO
7A( + A 2) Hp, Pd/C
0. .0 0.0
B B
LL25

[0180] A mixture of the 2-bromophenol benzyl ether BB17 (319 mg, 0.84 mmol), the
diboronic ester BB24 (604 mg, 1.26 mmol), K3PO4 (318 mg, 1.5 mmol) and DMF (5
mL) was degassed with argon. Pd(PPh;); (230 mg, 0.2 mmol, 10 mol%) was added and

10

the resulting mixture was stirred at 85°C for 16 h under argon. After removal of the

15  solvent in vacuo, the crude mixture was purified by flash chromatography to give 80 mg
of the bridged intermediate. After stirring the benzyl ether intermediate under an
atmosphere of H; (500 psi) in the presence of Pd/C (20 mg, 5%, Aldrich) in THF (1mL)
and EtOH (1 mL) at 50°C for 2 h, the product was purified by flash chromatography
(Ethylacetate/hexane = 1/10) to give 34 mg of the product LL25. "H NMR (300 MHz,

20 CDCls): 7.32(dd, J =7 Hz, 1 Hz, 2H), 7.21 (td, J=7.5 Hz, 1 Hz, 2H), 6.9-7.13 (m,
12H), 6.76 (d, J = 7.5Hz, 2H), 5.54 (s, 2H), 4.01 (t, J = 6 Hz, 4H), 2.37 (s, 6H), 2.31 (s,
6H), 2.13 (s, 6H), 2.03-2.5 (m, 2H).

Scheme B3: Synthesis of (0,0)-Bridged Ligand via (0,0)-Bridged Bis(Aryl
25  Bromide)
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were isolated (0.117 mmol, 90% . According to Schene C2 Step 2, a m xture
of the thiophenol building block BB31 (34 ng, 0.117 mmol), the

i nt er rediwo®3(0%261rg, 0.117 nmmol), NaGBu (20 ng, 0.2 mmolPCT/uRdy/disa) 2 (3
ngs, 0.006 nmol), and Xantphos (6 ng, 20 0.0 12 mmol) in toluene (2 nL) was
stirred at 110C for 16 hours. After workup and cleavage of the nethyl
ethers, and purification 88 ng of theStefrt LL45 was isolated (0.101
mrol, 549 . 1H NMR (300 MHz, CDC13) (dinmethyl ether!): 7.55-7.62 (m 4H),
7.30-7.42 (m, 12H), 7.22-7. 28 B@R)2H), 7.12- B@B)2(m 8H), ZPIX01 7.11 (m

4H), 4.12 ( Bs 10 (s, BTe (s, 3

PCT/ US03/ 12811 ene C3: St Br / Orpr

\ Br | 11 Br n¥ 1,®PGS, Sprbridbed bis '
Pd(PPh3)4, Br /Bi R4 Na2 SN+ 21 57 n 2) BBr3 Br B(OH)2

(S,S)-bridged bis (aryl bromide) R4 R
1,2 5 Exanpl e 28: A |i tycBudulg pniiduishi zed
S~LL46 [0194] A mi xt ur e cofssepplibdr oni ¢ ac¥h§ g8 mml), the (S, S)-bridged
pr(ﬁgar ed as shown above), Na2CO3
)

bis (aryl brom de) Wl ny,
(0.5 nL of a 2 M sol ut PsiFarage dHBr | 1. and di met hoxy ethane (5 inL)

was degassed with argon (10 mn).

I Br R4 OHHO S S\l n\l n =
prding to Schene C3: OH %.

R’
Step 2
R4 Br Br.
L,
9 o-PG O PG PG- O
OH
O base
Step 3

2 R? B(OR)

Br.
O PG PG- 2 R2-ZnX deprotection
Suzuki or Negishi
cross-coupling
R7 conditions
R* O R2 R% ‘ R*
OH HO
0] -0
(J N/ T
R’ R’

Example 19; Detailed example of 2-Br substituted, upper-ring protected, lower ring

deprotected building block synthesized according to Scheme B3, Step 1:
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Pd(PPh3)4 (92 ng, 0.08 mml, 20 %9 was added and the resulting m xture was
stirred at 85C for 16 h under argon. Ethyl acetate (15 nL) was added and
the m xt Wwe mdasi2éz i ed over Na2SO4. After filtration, thePs@lusen128nAS
renoved and the residue was dissolved in 15 CH2C12 (I Or). BBr3 (2 nL of a
1 Msolution in CHCL2, 2 mmol) was added and the resulting m xture was
stirred at roomtenperature for 2 hBffre"'was added and the 92 WO
03/091262 PCT/ US03/ 12811 m xture was jracted with EA, dried over Na2SO4,
and purified by flash chronmatography t Bracet at e/ hexane = 1/10) to give
37 ny of the product LL46 (0.06 nmmol, 5%Hield). 1H NVR (300 MHz, CDC13):
7.52-7.58 (d br, J =7 Hz, 4H), 7.41-8 (t br,J =7 Hz, 4H), 7.23-7.39

(m 12H), 6.98-7.12 (m 4H), 5.10 (s, H), 2.85 (s, 5 4H). [0195]
Addi tional ligands that are synthesized in a manner simlar to that
descri bed fomg1] SThe8luficn of 69 HDRe Q50N 052/brdmbpliEnS]-b-borontid #cid bhd18.70 0 Par t

D: Exanpl e 29: Synthesis.of (0.S)-Bridged Bi s(Bi phenyl phenol ) Lj gands:
et her T ot Ge D oL . A HspeHBHAPLE beniy] L b Preissa Z; Pgé’%ﬁoiw
NN &l 2%0&5@1&09 s%holfdﬁfzci_?glélg%an?i (M%%éé 2 .@%@q[ ]

m xtur € of her prdtecte phenol (176 , 0. mol ), the
di bor oni ¢ Wsi(D;. BR2bhdatih@ tor§) °© f&Uoh, thotepctik8 POk tieShswgpled (¥ Rirand) and DIVF

2 nm d it . Pd(PPh3)4.(46 . 0D.04 i ol dded
bnd the SOPRBSLIEG HgemIxe bt SconerirBan gt tsoettis Ryt IONGALYARRER aft er
removal of cfh@ﬁat%%%aéﬁ?(silé%d’%,a?g? ?tﬁgh&e%%&aﬁk%émérﬁ) iddr 6041 26l (1395 | ash

chr omat ogr aphy t Ive . ] intermedi ate. After cl eavage of the
MOM et her ¢fH@ire prodEct astaG)iteasodidp b NIMR §2000MHz40DCls): 2.41 (s, 3H); 4.72 (s, 2H),

10  6.73 (s, 1H); 7.0-7.6 (overlapping multiplets, 11 H).

Example 20: Detailed example of bridged, upper-ring 2-Br substituted building block
synthesized according to Scheme B3, Step 2:

[ Br Br
OBn BnO
O oL ~70 O
15

[0182] To a solution of 604 mg (1.64 mmol) of 2-bromo-4-methyl-6-(2-hydroxyphenyl)
20  phenol benzyl ether and 315 mg (0.82 mmol) of 1,3-propanediol di-p-tosylate in 10 mL
of acetone was added 1.11 g (3.3 mmol) of Cs,COs. After stirring at RT for 16 h, the
soln. was filtered and the volitiles were removed. Column chromatography (silica gel,
10% ethyl acétate/hexanes eluent) provided 221 mg (35%) of the product as a white
solid. 'H NMR (300 MHz , CDCl3): 1.96 (m, 2H); 2.35 (s, 6H); 3.91 (t, 4H); 4.52 (s,
25  4H), 6.8-7.6 (overlapping multiplets, 22 H).

Example 21: Detailed example of a ligand synthesized according to Scheme B3, Step 3:
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ng of the product LL49 was obtained (0.05 mmol, 23%yield). 1H NVR (300
MHz, 93 WD 03/091262 PCT/US03/12811 CDC13): 8.10 (d, J= 7.5 Hz, 4H),
7.15-7. 45w0rep/02kd , 7.05-7.12 (m 2H), 6.88 (d, J= 8.5 HpPCTAISHH/12861 01 (s,
1H), 4.89 (s, 1H, 3.95 (t, J =6 Hz, 2H), 2.75 (t, J = 7Hz, 2H), 2.37 (s,
3H), 2.32 (s, 3H), 1.75-1.85 (m 2H) 1.60-1.70 (m 2H). 5 Part E
Synthesis of (N, N)-Bridged Bi s(Biph# phepe i gands: Exanpl e 30:

Synt hesis of his aryl building bIo ] BBSS 1) BuLi, B(GPr)3 2)

Pd(PPh3)4, 2CO8 eB/ \ gr OR gr R B _BB32 R = Me: BB33 10
[0197] n-BuLi (2.6 mmol, from sol ut on exanes) was added slowy
py-onophenol (2.47 mmol) in

to a solution of the benzyl 1
THE (5 nmL, anhydrous) at -78 G un%er an at m)ﬁgphre of argon. After ‘
stirring for 10 mn at that ppyl borate (645L, 2.8

mmol ) was added slowy and thexl5 terrperature lasal | owed to conme to room
tenperature (30 mn). After stirring for another 30 mn, the solvent was

renoved an@; éégﬁg l§9ﬁt1985?W)(?m?f/(gg3%og%§%e%ﬁa%tbuélfdﬂ{§ttg%k Eflﬁédqﬂt' on.

A m xture oronic acid enzene (2.36
g, 10 mmol Exanysi2 (Z()Iib(n’zb diksobfedan 3 vl obHegassml done wad afd,ed$4 mmg(0)51 mnwhl) of

20 Tl 16y BN bRH Ay COEN) hEB RIS o fPBR e BEE  or
dri ed over "k RYM AFRAE0, | ARepitEh B T08, blgcTus IRUET
fl ash chr owas egilaploR T efidydiace inad eﬂ’lhl&)([&dﬂ&tlén arid dddpentratigh o théaRganic fyet, he
8533 vas. plUBHea Y SPHPRR IRy Re BRA B s Staptiishasise Branks eRegior | dged
b') ar y:j Phepylidta 4B Yhe @fz%rof'theg@iﬂgnzyl Béotéégcpﬁifoﬁ&% 262 wlﬁﬁl/s&ﬁﬁ’?’ﬁ%@ﬁkl Pd(db
10 (CDCls): 1.88 (m, 2H); 2.10 (s, 12H); 2.34 (s, 6H); 2.35 (s, 6H); 3.81 (t, 4H); 4.21 (s,
4H), 6.3-7.6 (overlapping multiplets, 26 H).
[0184] After hydrogenation (200 psi Ha, 50 °C) of the dibenzyl product in 5 mL of 1:1
EtOAc/EtOH with 50 mg 5% Pd/C catalyst for 3 h, purification by column
chromatography (silica gel, 10% ethyl acetate/hexanes eluent) gave 27 mg (71%) of the
15  ligand. "H NMR (300 MHz , CDCls): 2.0-2.1 (overlapped peaks, 14H); 2.30 (s, 6H);
2.34 (s, 6H); 4.02 (t, 4H); 5.40 (s, 2H); 6.7-7.6 (overlapping multiplets, 16 H).

Example 22: Additional example of a ligand synthesized according to Scheme B3, Step

OH HO l
G
[0185] Solutions of 141 uL of 2 M o-tolMgBr in THF and 141 puL of 0.5 M ZnCl, in
25  THF were combined in 1 mL of anhydrous THF and allowed to react at RT for 1 h. To

this solution was added 55 mg (0.13 mmol) of the dibromo building block described in
Example 20 above, and 1.0 mg (0.003 mmol, 2 mol%) of Pd(P'Buz),. The mixture was

20 3
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H2N-~- 2 NaOtBu ?Br ?IH H L50 BB33 L [0198] A mixture of the nethyl

et her building block BB33 (140 ng, O0.348 nunol), 1,4- 5 diam nobutane, (15
ng, 0. 174wvomslod126NaCt Bu (48 ng, 0.5 mmol) and tol uene (2 mCy/usa¥y1megassed
wi th argon. Pd(dba)2 (9 ng, 0.015 mol ) and dppf (1,1 -

bi s(di phenyl| phaosphi no) ferrocen 17 0.03 mml ) were added and the
resul ting dited oy %f{ ﬁéﬁgéﬁnlleg%l\’*%rse@lﬁl ﬁn@tk%?d@r%b@foﬁﬁtheﬁﬁeémval
of the SOl \gflind f REGHOTHE! bf w80y

chr omat ogr Sohy S REHOTHF AR phE B LS B pRRL Ol ed Bt b,

yi el d). HaM/WaQI&ﬂONMEatm@lB@b&)m TeoBioni.a80 c()mnenﬁr&ﬁqn dfthd ergdnic9ayemy 2H),

49 5. 00- SOy Sijinh SigmsioBraptfilispee. 57igaylpbetgicxaiog st o1y
1 62 1. 80 oReviddd39 l’illg (@")@)’r@ﬁtﬁe aaaen?%&@ébég&ﬁu&% VMI@SOQH' @Qﬁ'ﬂﬁ@' aryl
phenol Ilgand LL51: Q Bu OBn +

H2N~~~NH2 @z@m)ol@ﬁ (m,l?-H)t 2418 E«B@H),lz 35:&6261{91099)]{@)4}324 19, @H),@HB 1o~ \
|| | %561 500,09/ 0912§ RCTS03/ 12811 [0199] A mixture of the
Lubst i t ut ed he?137r Oy PRIt 204D "BR32. 133 ny, 0.278 ol ),

1, 4-di am n{ﬂi%]a@ﬁ’tef hidrdgendiod $PO0HER ), 4&&?@%&&&@1 px@dﬁctmlrﬂL ang:1

toI uene (2 _nL) was degassed wi th ‘argon dba , 0.015 mol ) and

dppf (17 n@tOAQ’E@@W ﬁOWM&’dé@aatahat fond hy E@@ﬁqailﬁ@ picRlume was stirred
at 100G, f oy hl%gﬁtog?%ﬂ}y (? 11%% gglgl?ﬁferﬂﬁfl ac&%)ﬁ%xan% fuent) Sggxlfevf.{] mg (97‘%?8{"' Qe he

crude m xture
ligand. 'H NMR (300 MHz , CD2CL): 1.85 (m, 2H); 2.20 (s, 6H); 2.31 (s, 6H); 4.10 (t,

4H); 5.32 (s, 2H); 6.7-7.6 (overlapping multiplets, 20 H).

i5 Part C: Synthesis of (S,S)-Bridged Bis(Biphenylphenol) Ligands:

Scheme C1:

Step 1
B(O'Pr) 1) Pd-catalyzed Ra O Re

Rq Re S-THP  cross coupling
+ O-Me
OMe g 2) HOI, MeOH O SH
R7

Br to remove THP
protected THP-protected protected biaryl
2-bromophenol thiophenol thiophenol
boronic ester
Step 2

1) Bridging Step:
LG LG

\_s_/

R R
4 2 (LG =Br or OTs, B = bridging group)
K,CO3, acetone
O-Me

R4 R2 R2 R4

SH 2) Deprotection Step(cleavage of
methyl ether): BBr3
R7

protected biaryl
thiophenol

20
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chromat ography to give 31 ng of the internediate. A mxture of this

intermediate with formc acid (0.5 nL) and parafornal dehyde (0.5 nL of a
37% sol utwonsjom2k20 was stirred for 30 mn at 80C. Na2CBBT(Boxi2sof a 2M
aq. Solution) was added and the mxture was extracted with ethyl acetate.

After stirgjn he, benzyl. et her inpternedjaje 10 ynder an. atnpsphere of H2
(500 psi) E&Mg}%@ @PPMBE@E}H&@P%%M spcdagsordingga Scheme €1 £t o4
(1 nm) at g6 f-or 2 h, the crude product was purified by flash

chromat ography to give 15 ng of the product LL51. 1H NWMR (300 MHz, CDC13):
10.23 (s, 2H), 7.82 (t, 4H), 7.62 (d, B42-7.52 (m 4H), 7.15-7.41
(m 14H), 7.08 (t, 2H), 7.02 (d, : 50 (m 10H), 2.30 (s, 3H),
2.25 (s, 3H), 1.42-1.12 (m 4H). 15 | onpl exes used in sonme of the
exanpl es: 96 WD 03/091262 PCT/ US03/ 12 \ / | B Me2N N2 Bz MN I/ N
1/ p~Hi~p H - O C CL C CI NN\ Br \' CG3 A tButBu C\ |
tBuC Cl tBu Hf i \ \/ Op~ ,H----0O £5 Hi~ /1 NO\GQ N OO FC7 F5
Exanpl e 33: Synthesis of conplex O:

5 [0187] A mixture of the S-THP protected boronic acid building block BB21 (7 mmol),
the protected 2-bromophenol BB14 (5 mmol, 1.6 g), Na,CO3; (4 mL of a 2 M solution in
water, 8 mmol) and dimethoxy ethane (15 mL) was degassed with argon (10 min).
Pd(PPhs); (280 mg, 0.25 mmol, 5 %) was added and the resulting mixture was stirred at
85°C for 16 h under argon. Ethyl acetate (EA, 15 mL) was added and the mixture was

10  dried over Na,SOy4. After filtration, the solvent was removed and the residue was
dissolved in CH,Cl; (10mL). HC1 (1 mL, 37%) was added and the resulting mixture was
stirred at 40°C for 2 h. Brine was added and the mixture was extracted with ethyl acetate,
dried over Na;SO4, and purified by flash chromatography (Ethylacetate/hexane = 1/10)
to give 1.4 g of the product BB30 (4 mmol, 80% yield). "H NMR (300 MHz, CDCls):

15 7.58-7.63 (d br, J =7 Hz, 2H), 7.30-7.42 (m, 6H), 7.19-7.25 (m, 3H), 3.49 (s, 1H), 3.14
(s, 3H), 1.33 (s, 9H).

' Example 24: A bis aryl building block synthesized according to Scheme C1 Step 1:

20 BB31

[0188] According to Scheme C1 Stepl, the compound BB31 was synthesized in about
50% yield. '"H NMR (300 MHz, CDCl): 7.56-7.63 (d br, J = 7 Hz, 2H), 7.38-7.45 (m,
4H), 7.25-7.35 (m, 2H), 7.18-7.25 (m, 4H), 3.47 (s, 1H), 3.17 (s, 3H).

25
Example 25: A ligand synthesized according to Scheme C1 Step 2:
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[0201] 46.3 ng (67 unol) LL1 in 6 nL toluene were conbined with 36.3 ng (67
unol) of HBz4 in 6 nL toluene. The m xture was stirred for 10 mn and
slowy cowoanwerabed by renoving the solvent with a streamcofUsonestl gas. A
white solid material was isolated. The 1HNVR is consistent with one
symmetrical conpound. The 1H NWVR spectrum 10 indicates the presence of
toluene in the isolated product. MR irF D6 (8 in ppm: aromatic
protons: 7.83 (d), 7.6-6.5 (m, ) dge CH2-0- protons 4.1 (m, 3.6
(m 97 WD 03/091262 PCT/ US03/ ons: 2.21 (d), 1.1 (d)
tBu protons: 1.24 (s) , bridg - 0.83 (m, 0.45 (m.
Exanpl e 34: Synthesis of conpl ex g (64.85 unol) LL5 and 23
ng Hf (NMe2)4 were conbined in 8 ke reaction m xture was

pl aced in sand bath at 60- 7OC reamof Ar was used to
remove the solvent. A dry white produc s obt alned. The 1HNMR is
consistent with a C2 symetric bi sam de corrpl ex and indicates the presence
of toluene in the isolated product. 1M%2RMR in CGD6(8|n ppm: 8.39 (d),

205 (m . [@9Sbdmreree e dbighemn! bukdirasioss BHY st i Rt Sohpi ex
C is dis Rl N eshéhd?r\%{hb%&#ﬂggg %%&&%—WY%ﬁe %fh%% (94 Pﬁﬁl%l)agﬁt?ﬁﬂ@:f t er

reaction vernlg and nt were renoved.
reactign r(SXthfseO m@&nblakleﬁbdttmel (2 ni’L)rﬁ/astmIm&é ae66Hitfod @houts. BifRSHNM=Rioner e

dded. A whit tate f d t hi of
gl sghl ori dbe é(dgﬁl%‘&%g%gfim‘ge (13251 Rgfir)r#eeﬁldgﬁ Wa;T Wné\WFgﬁ%ng}]éigt%ﬁ (\]/\ntsr‘ﬁLone Cc2
symetric c?'aslcllw Qe 1ﬁf[(}.h'ﬁ;2ﬁg a?fﬁaolglwgs 5&&5@34?1@ |t1‘t°3 re@tﬂQng ﬁﬁ'kﬁ?et ﬁ§s §tﬁ'f‘ed

presence o0 uene 1n roduct . ppn :
8.38 (d), aBrdom (edx)pera?cufe-fér @5 Bl’l‘)lc was a&de(dra)ldtlﬂalﬁﬂxt(lmwaszexﬁact@dryv;t 3:thzy1 (m,

i gand LLaeraurbebrvedis0asd ainpes ok Ret pfomRoRip TiRA b atHse 7 1™
di ssol yed f/fb)%f?gldél%tlﬁg beRe rﬁ@&&i@@é (.97 hﬁﬁ‘oll vmry(iielépllmmn (3U(blmmﬁact i on

m xture was in"a sa bath at 70C hour.” The reaction m xture
was al | owe(dDCQ) oi)-7156 (dbodrr 7 ElrpéHatTdleT. 68étr'fm bt HZHEDs (3@ 7r @i qui d

was renove i d r he solid material was dried.

Yield: 25 %%53?5 AEH%&%@%&%@{? f@é’ﬁ?ﬁ i's of conplex C4: [0205] 37.6

Mg (54 unghigokLAddifoshl Heahd tHENEe ¥AthBDRR NS thavhdrfbiddar®o Mkt (Bebribowdin
Scheme C1:

[0202]

15
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of ZrBz4 in 6 nL toluene. The m xture was stirred for 1-2 min and slowy
concentrated by renoving the solvent with a streamof inert gas. A pale
yel | ow sowpd3e2ez i al was isolated. The 1H NVR i s consi SPERIUSAS/1A81DNE

symetrical conpound. The 1H NMR 30 spectrum indicates the presence of
toluene in the is product. 1HNWR in C6D6 (8 inp aromatic
protons:
3.54 (m

0 51H(S “n

PCT/ US03/ 128 13 anpl 38 Synthe s of co
Hf C12Bz2 @ %ﬁﬁs 90%“1%[
unol) in 45897uL t ne. 3

was placed in a 4&Rd bath 2
to cool to room5 te
i sol ated by decanti g
in CD2C1l2 (8 in ppn)
(m, 4.05 (m,

: (25
react m xture
- The sol uti6h was al | owed
med which were

L4 nmy (54% . 1H NMWR
1 ppm(d), 4.25
Single crystal
C57H58C12Hf 4,

uni tcel |

di mentions: a : , 4,
Dc = 1.253 ny/ nk O i ‘] cturejwas solved by
by direct nethodsS s » ' ] ' 2 AR eSS O1N F2. The
final refinenent cegs . ) I >26 (1) and

Rl = 0.1561 and wR2 : : [ shown in

Figure 1 a and Ib. « Kol £ o¥ 0207] 16 ngy

Hf C12Bz2 Et20 (31. mg (31.7

unol) LL3 in 400 ulL toly in a sand bath

at 70C for

tenperature ¢

crystalline

30 ng (87%).

protons), 4.

Synt hesi s of ¢ 08] .3

uL tol uene was addq13ho 18 ng (22 3 Lq@l) LL52 in 300 uL toluene. The
3 d 25 70C for 90 m n,_ The

<

LL40
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m n and was cooled to -30C over night. The powdery crystalline material was
separated fromthe solution and dried. Yield: 14.3 ng (61%. 1HNWVR in
CD2C 2 (8worspprp2 8.36 (d), 8.12 (d), 7.5-7.0 ppm (ar omeCirasps/csons) ,
4.44 (m, 4.52 (m, 4.15 (M, 3.67 (n), 2.40 (s), 1.7 (m. 30 Exanple 41:
Propyl ene Pol yneri zations using netal -1igand conpositions. Atotal of one
hundr ed anScleingh€21{ 108) separate pol ynerization reactions were perforned as
descri bed herein. 99 WO 03/091262 PCT/ US03/12811 [0209] Preparation of the
pol ymeri zation reactor prior to inj®&pPdn of catalyst conposition: A
pre-wei ghed glass vial insert and disposable stirring paddle were fitted

to each reaction vessel of thegigactor. TheQactor was, rel osed, 0.10
m. of a 0.02 M, Ri on of gr upsiﬁpreageraﬁsm@lmgtol uene 3.9 nL of

tol uene were inj ed into ei@ﬁ pressurereaction vesse on@ugh a val ve.
The identity of tffe gmMeup 1R gent sol uBiftshMe@ given ip

sl es 1-3. The
tenperature was tBen set to the appropri al®®®&tng (wit speci fic
tenperatures for each pol rization being listed in T&bl &s 1-3, bel ow),
and the stPPPF%E‘%’B‘@%"@%R&%SE@L?E&”‘QOO rpm and the ni XpdfeBed¥siyiexposed to
propyl ene at 100 psi pressweenic fstgpr opyl ene pressure of thidplenpsi in the
pressure cell and the tenperature setting 10 were mai ntai ned, using
conmputer control, until the end of the polynerization experinent. [0210]
In situ preparation of metal-Ii gancS'(%hgosi tions: The follow ng nethods
were enployed to prepare the netal-1igand conpositions as indicated in the
Tables 1-3. Method A: An aﬁ%rig)ﬁisgt,e anmount of ligand solution (10nMin
tol uene) was dispensed in 1 g‘f'ass vial at a scale of 0.4-0.75 mol.
To the 1 nL glass vial contmining t 15 ligand sol ution was added an

equi nol ar anouRj et al precurgor /sol ution (18, B &
the netal -1i gand pOSi t i Of, GO, UlahpREk; NaOEE T €act | 1 Xture wa gated to
70-80C for 1-2,hotf s oMet hod (B Simlar tao Method A eltept tHE action

m xture was héatgd _ts 60Cafmprotdsich dpldesagedet hod CASiSTi | ar t & et hod A
except the reacti m xt umethyhetBenhBRit ed to 80C f of hoHr s  esi dual
sol vent and voR&tiTe byproducts 20 were renovedRby bl owm ng a stréamof
Argon over the XLrdidctedbalyy The conposition was redissolved in toluene prior
to addition of dhitpheeti on and activator solution. Method D Simlar to

Met hod A except the concentration of |igand and netal precursor sol utions

were 5 MM The reaction m xture s al | owe 0 si t roomtenperature for
35 mi n andExamaple 205 A Wéélmlhéﬂ?%vla%@dfr&w%ﬁhﬁqlﬂ .Ctzl\i‘?lﬁé'd E: Sinmilar to

Met hod B except the
I OH HO I
ISlan®

LL42

[0191] A mixture of the protected bis aryl thiophenol (BB31) (104 mg, 0.356 mmol), the
10  corresponding dibromide (1,2-dibromobenzene, 42 mg, 0.178 mmol), NaOtBu (48 mg,
0.5 mmol) in degassed toluene (2 mL) was added to a solution of Pd(dba), (20 mg, 0.036
mmol, 10 %) and Xantphos (41 mg, 0.712 mmol, 20%), and the resulting mixture was
stirred at 110°C for 16 h under argon. After filtration, the solvent was removed and the
residue was dissolved in CH,Cl, (5 mL). BBr3 (2 mL of a 1 M solution in CH,ClL,, 2
15 mmol) was added and the resulting mixture was stirred at room temperature for 2 h.

Brine was added and the mixture was exfracted with ethylacetate, dried over Nay,SOs,
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25 concentration of ligand and netal precursor solutions were 5 nM Mt hod
F: Simlar to Method A except the concentration of ligand solution was 5

mv and newalo3psreeur sor solution was 10 M The reacti on mCIiUsO®12886 heat ed
for 30 mn to 50C. Method G Simlar to Method A except the concentration

of |igand t recursor saolution was 10 oM The
reaction m%% ﬁé%f?@amﬁaesétcgﬁo n? ?griﬁﬁ'oéh"ﬂ% 1eX8he ve{ ﬁé(ﬁo ive S/ mg ak the o

Met hod A epedpét Lihe (@qmemhbatsuwylati) "HOGR SO0 WIHS! rbr)@‘fg) 6141 45 et al
precursor solution wa The Teaction m xture was heate mnto

70C. Met ho¥HH), 7€)5nd- ﬂ%r(mt %HM@E%@ IG @§d@pf2Ht)hb043€m@HDrt ration of I i gand

sol ution 5 U 12811 ur sor
sol ution m é %ﬁﬁﬂ%@%ﬁ%ﬁ?ﬁe g%ﬂl?m %@? ﬁwnﬁeléﬁ?zlﬁf totnﬁ%tadeﬁ‘gw@éﬁ? ration
of |igand Sdlenid @ was 12 mM and netal precursor solution was 5 mM [ 0211]
Preparation of the group 13 reagent and activator stock solutions: The
"activator solution" is asolutron of NN -dinethylaniliniumtetrakis
(pent af | uorophenyl) 5 bg | o-Rpl arity of this
solution is indicated i iﬂgirmﬁvidual exanpl e
descri bed below. T S0 Xi Mt Yy~g5§ t o di ssol ve

~ tion of

the reagent. The "
triisobutyl alumni m nium (" TMA")
mcal Inc., 10

or a solution of Mgdifi

Chi cago, 11) (" @ npr oved
Process (from Azk "group 13
reagent” solutions were s of the

solutions used is indicated in the
exanpl e descri bed bel ow. [0212] Activation nethods and | njection of
solutions into the pressuﬂéJF%actor 15 vessel, Thiel-44l 1 owi ng net hods were
enpl oyed to activate and inject the netal-ligand conpositions for the

exanpl es i DA T e conposition, 20
nol e eﬂpiﬁg¥%@ﬁ65% qi%ed%Vng%%@&QQ@?*m@négﬁﬁﬁn%ﬁ¢L %@?on of 1- octene in
tol uene were added to the netal |igand conposition in the 1 nL vial. Then,
the appropriate amount of the grou oent solution as a 50 mV

sol ution, containing the 20 indisate group 13 reagent (per

nmet al precursor) in the specrf ded to the 1 nL vial.

After 45 sec, 1.1 nol equival entg ursor) of the ™"activator
solution" (2.5 M) was added to

About anot her 30 seconds
|ater, a fraction of the 1 nL

gsponding to the indicated
"catal yst anmount injected' wa d prepressurized reaction
vessel and was fol | owed

[0193] According to Scheme C1 Step 2, the thiophenol building block BB31 (38 mg,
0.13 mmol), thé corresponding dibromide (2-bromobenzylbromide, 33 mg, 0.13 mmol),
15 and K»COj3 (110 mgs, 0.8 mmol) in acetone (2 mL) was stirred at 60°C for 2 hours. After
workup and cleavage of the methyl ethers, and purification 54 mg of the intermediate
were isolated (0.117 mmol, 90%). According to Scheme C2 Step 2, a mixture of the
thiophenol building block BB31 (34 mg, 0.117 mmol), the intermediate (54 mg, 0.117
mmol), NaOtBu (20 mg, 0.2 mmol), Pd(dba), (3 mgs, 0.006 mmol), and Xantphos (6 mg,
20 0.012 mmol) in toluene (2 mL) was stirred at 110°C for 16 hours. After workup and
cleavage of the methyl ethers, and purification 88 mg of the ligand LL45 was isolated
(0.101 mmol, 54%). 'H NMR (300 MHz, CDCls) (dimethyl ether!): 7.55-7.62 (m, 4H),
7.30-7.42 (m, 12H), 7.22-7.28 (m, 2H), 7.12-7.25 (m, 8H), 7.01-7.11 (m, 4H), 4.12 (m,
2H), 3.10 (s, 3H), 3.05 (s, 3H).
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25 imedi ately by injection of toluene to bring the total volune injected
to 0.400-0.500 nL. Method BB: simlar to Method AA except the
concent r awpDan/ogf26x he activator solution was 5 mM Met hod PCT/USII128InE

nmetal -1igand conposition, the appropriate anount of the group 13 reagent
sol ution a% a 50 MM sol ution, containing the indicated equivalents group
13 reagent SEPERe &t al precursor) in the specific exanple, was added to 30

the 1 nL vial. After 40 sec, the indicated amount of the "activator
solution" (2.5 mV) was added to the Step i al . About another 40 seconds
| ater, a fraction of the 1 nL vial contents corresrpondi ng tg~ he indicated
@- reaction
O

"cat al yst anount iBij ected" was injected.dnmto the r epr essur

vessel, and was f oked | di ately bgcsionpecti o MEQ 101 WO

03/ 091262 PCT/ 8BS 2811* lroﬁrrg\a(ﬁﬁ\Bhe total volune ected to @, 400-0.500
m.. Method DD: To e netal -l1igand conposition, the appropriate anount of
the group 13 reagent sol uti™i’€50 mM), cont ai ni(B§)-biideed higilagtbeanidejui val ent s
group 13 reagent (per metal precursor) in the specific exanple, was added
tothe 1 nL vial that was kept at 50-60C. After about 10 5 mn, the

i ndi cated anmobunt of the "activator solstf?enz (2.5 nm was added to the 1 nL
vial. About another 70 seconds later, a action of the 1 nmL vial contents
containing the indicated "catalyst anmount ignjected" was injected into the
prepressurized reaction vessel and was fol

diP iately by injection
of toluene to brigg the tot ol unBainrect to@é{%—’&wo m.. 10 [0213]
Pol yneri zati on: The pol r @ i oR zre conti nue for 60-
900 seconds, duti e t he terrpra/re and 2ppmgsure were nmaintai ned
at their pre-se evel s by Gonmputer coBfoHyl . The specific polynerization
times for each polynerization are showmn in Tables 1-3. After the reaction
time el apsed, (Sifarbridgedibisdaryl emidguenched by additi gf
carbon di oxide sent to the reactor. The 15RpQlQE
| esser of the maximum desired pol ymerization t :
predet er mi ned anmount of nononer gas to be constwEdonn t he ygpo
reaction. [0214] Product work up: Propyl ene Pol i }
pol ymeri zation reaction, the glass vial inser
product and sol vent, was renoved 20 fromthe pressure cell awnd-renoved
fromthe inert atnosphere dry box, and the vol atil e matfonents were renoved
using a centrifuge vacuum evaporator. After nost of the volatile

conponent s Esamhple28 0k Hpad] syhtiesivedbccontibgetot Schemeedr i ed t hor oughly by
evaporation at el evated tenperature under reduced pressure. The vial was

t hen wei ghed O O
I OH HO™ - I '
"0

LL46

[0194] A mixture of the boronic acid (0.8 mmol), the (S,S)-bridged bis (aryl bromide)
10 (0.4 mmol, 161 mg, prepared as shown above), Na,COj; (0.5 mL of a 2 M solution in
water, 1.5 mmol) and dimethoxy ethane (5 mL) was degassed with argon (10 min).
Pd(PPhs)s (92 mg, 0.08 mmol, 20 %) was added and the resulting mixture was stirred at
85°C for 16 h under argon. Ethyl acetate (15 mL) was added and the mixture was dried
over Na,SOg4. After filtration, the solvent was removed and the residue was dissolved in
15 CH2Cl; (10mL). BBr; (2 mL of a 1 M solution in CH,CL,, 2 mmol) was added and the

resulting mixture was stirred at room temperature for 2 h. Brine was added and the
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to determine the yield of polyner product. The pol ynmer product was then
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PartD:
Example 29: Synthesis of (O,S)-Bridged Bis(Biphenylphenol) Ligands:

MOM ether protected
2 bromophenol

1) Pd(PPhy), & :
K4PO,4, DMF
W , A

o, 0 2)H,, Pd/IC

B
s BE25 . LL49

[0196] A mixture of the MOM ether protected 2-bromophenol (176 mg, 0.43 mmol), the
diboronic ester BB25 (110 mg, 0.216 mmol), K5PO4 (150 mg, 0.7 mmol) and DMF (2
mL) was degassed with argon. Pd(PPhs)s (46 mg, 0.04 mmol) was added and the

20  resulting mixture was stirred at 85°C for 16 h under argon. After removal of the solvent
in vacuo, the crude mixture was purified by flash chromatography to give 81 mg of the
intermediate. After cleavage of the MOM ether (HCl, THF, MeOH) and purification, 40
mg of the product LL49 was obtained (0.05 mmol, 23% yield). 'H NMR (300 MHz,
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r E'xlaﬂlgle 30: Synthesis of bis aryl building blocks BB32 and BB33:

O 1) BuLi, B(OiPr)s %
2) Pd(PPhs)s,
O N32CO3 O

C z -

« X :
[ . e

R =Bn: BB32

R = Me: BB33

[0197] n-BuLi (2.6 mmol, from a 1.6 M solution in hexanes) was added slowly to a
solution of the benzyl ether protected 2-bromophenol (2.47 mmol) in THF (5 mL,
anhydrous) at -78 °C under an atmosphere of argon. After stirring for 10 min at that
temperature, triisopropyl borate (645uL, 2.8 mmol) was added slowly and the
temperature was allowed to come to room température (30 min). After stirring for
another 30 min, the solvent was removed and the crude boronic acid was used without
further purification. A mixture of the boronic acid (750 mg, 2.5 mmol), 1,2
dibromobenzene (2.36 g, 10 mmol), Na,COs (2 mL of a 2 M solution in water, 4 mmol)
and dimethoxy ethane (15 mL) was degassed with argon. Pd(PPh;); (144 mg, 0.125
mmol, 10 %) was added and the resulting mixture was stitred at 85°C for 16 h under
argon. Ethyl acetate (30 mL) was added and the mixture was dried over Na,SO4. After
filtration, the crude product was purified by flash chromatography (ethylacetate/hexane =
1/10) to give 762 mg of the benzyl ether product BB32 (1.6 mmol, 65% yield). The
methyl ether product BB33 was prepared similarly.

- Example 31: Synthesis of (NH,NH)-bridged biaryl phenyl methyl ether ligand:
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[0198] A mixture of the methyl ether building block BB33 (140 mg, 0.348 mmol), 1,4-
diaminobutane (15 mg, 0.174 mmol), NaOtBu (48 mg, 0.5 mmol) and toluene (2 mL)
was degassed with argon. Pd(dba), (9 mg, 0.015 mmol) and dppf (1,1°-
bis(diphenylphosphino)ferrocene, 17 mg, 0.03 mmol) were added and the resulting
mixture was stirred at 100°C for 16 h under argon. After removal of the solvent in vacuo,
the crude mixture was purified by flash chromatography to give 51 mg of the product
LL50 (0.068 mmol, 39% yield). "H NMR (300 MHz, CDCls): 7.82-7.90 (m, 4H), 7.61-
7.79 (m, 2H), 7.32-7.55 (m, 8H), 7.21-7.29 (m, 4H), 7.09-7.19 (m, 4H), 6.65-6.89 (m,

4H), 3.90-4.05 (m, 2H), 3.05-3.15 (m, 4H), 2.95 (t, 6H), 2.33 (s, 6H), 1.62-1.80 (m, 4H).

Example 32: Synthesis of (NMe,NMe)-bridged biaryl phenol ligand LL51:

% Pd(dba)y,
£ C

O NaOtBu
2 0Bn  + H,N NN NHy —————
B

BB32 1) CH,O,HCOOH
2) Hy, Pd/C
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5  argon. After removal of the solvent in vacuo, the crude mixture was purified by flash
chromatography to give 31 mg of the intermediate. A mixture of this intermediate with
formic acid (0.5 mL) and paraformaldehyde (0.5 mL of a 37% solution in H,O) was
stirred for 30 min at 80°C. Na,CO; (5 mL of a 2M ag. Solution) was added and the
mixture was extracted with ethyl acetate. After stirring the benzyl ether intermediate

10 under an atmosphere of H, (500 psi) in the presence of Pd/C (50 mg, 5%, Aldrich) in EA
(1mL), EtOH (1 mL) at 50°C for 2 h, the crude product was purified by flash
chromatography to give 15 mg of the product LL51. 'H NMR (300 MHz, CDCl3): 10.23
(s, 2H), 7.82 (t, 4H), 7.62 (d, 2H), 6.42-7.52 (m, 4H), 7.15-7.41 (m, 14H), 7.08 (t, 2H),
7.02 (d, 2H), 2.42-2.60 (m, 10H), 2.30 (s, 3H), 2.25 (s, 3H), 1.42-1.12 (m, 4H).

15 [0200] Complexes used in some of the examples:
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5  Example 33: Synthesis of complex C1:
[0201] 46.3 mg (67 umol) LLI in 6 mL toluene were combined with 36.3 mg (67 umol)
of HfBz, in 6 mL toluene. The mixture was stirred for 10 min and slowly concentrated
by removing the solvent with a stream of inert gas. A white solid material was isolated.
The 1H-NMR is consistent with one symmetrical compound. The 1H-NMR spectrum
10

indicates the presence of toluene in the isolated product. 1H-NMR in C4Dg (0 in ppm):
aromatic protons: 7.83 (d), 7.6-6.5 (m), 6.05 (d) bridge CH,-O- protons 4.1 (m), 3.6 (m)
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consistent with a C2 symmetric bisamide complex and indicates the presence of toluene
in the isolated product. 1H-NMR in C¢Ds (8 in ppm): 8.39 (d), 8.09 (d), 7.5-6.6 (m), 5.02
(d), 3.8 (m), 3.25 (m), 2.15 (s), 1.82 (s), 1.05 (m).
10  Example 35: Synthesis of complex C3:
[0203] 64 umol of complex C2 is dissolved in 5 mL toluene and 100 mg of Me;Si-Cl
was added. After reaction overnight, volatile products and the solvent were removed.
The reaction mixture was taken up in 2 ml toluene and 400 ul Cl,SiMe, were added. A
white precipitate formed within 30 min. 31 mg (45%) of the bischloride complex 3 was

15  isolated. The 1H-NMR is consistent with one C2 symmetric bischloride complex ( on
NMR timescale) and indicates the presence of toluene in the isolated product. IH-NMR
in CD,Cl, (8 in ppm): 8.38 (d), 8.12 (d), 7.6-7.05 (m), 6.75 (m), 4.61 (d), 4.21 (m), 3.7
(m), 2.4 (s), 1.72 (m).

Example 36: Synthesis of complex C3:

20  [0204] 31.4 umol ligand LLS5 is dissolved in 450 ul toluene. 31.6 umol HfCl,Bz; ¢ Et,0
is dissolved in 900 ul toluene and added to the ligand solution. The reaction mixture was
placed in a sand bath at 70°C for 1 hour. The reaction mixture was allowed to cool to
room temperature overnight. The supernatant liquid was removed from the white solid
product. The solid material was dried. Yield: 25 umol (80%).

25  Example 37: Synthesis of complex C4:

[0205] 37.6 mg (54 umol) LL1 in 8 mL toluene was combined with 24.8 mg (54 umol)
of ZrBz4 in 6 mL toluene. The mixture was stirred for 1-2 min and slowly concentrated
by removing the solvent with a stream of inert gas. A pale yellow solid material was
isolated. The 1H-NMR is consistent with one symmetrical compound. The 1H-NMR

30  spectrum indicates the presence of toluene in the isolated product. 1H-NMR in C¢Ds (8
in ppm): aromatic protons: 7.91 (d), 7.7-6.6 (m), 6.07 (d) bridge CH,-O- protons 4.02
(m), 3.54 (m) Hf-CH,Ph protons: 2.46 (d), 1.24 (d) tBu protons: 1.17 (s) , bridge CH>-
CH,-O- protons 0.86 (m), 0.51 (m).
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E (25 umol) in 450 uL toluene. 150 uL toluene were added and the reaction mixture was

placed in a sand bath at 80°C for 1.5 hours. The solution was allowed to cool to room

(&3

temperature. Colorless crystals formed which were isolated by decanting the supernatent

liquid. Yield 14.4 mg (54%). 1H-NMR in CD,Cl, (3 in ppm): 7.7-6.9 ppm (aromatic

protons), 6.1 ppm (d), 4.25 (m), 4.05 (m), 3.1-2.6 (m), 2.6-2.05 (m), 2.05-1.3 (m). Single

crystal X-ray analysis was performed. Crystallographic data: for C57H58CI2H{O4,

M=1056.42. Orthorombic crystal system, space group Pcca, unitcell dimentions: a =

10 22.851(10) A, b=14.984(5) A, ¢ =16.454 (7) A, Z=4, Dc = 1.253 mg/m’, 15684
reflections collected. The structure was solved by by direct methods and refined by full-
matrix least squares on F*. The final refinement converged at R; = 0.0815 and wR, =
0.2011 for I>20 (I) and R; = 0.1561 and wR, = 0.2206 for all data. X-ray structure is
shown in Figurela and 1b.

15 Example 39: Synthesis of complex C6:
[0207] 16 mg HfCl,Bz, ® Et;O (31.7 umol) in 800 uL toluene was added to 26 mg (31.7
umol) LL3 in 400 uL toluene. The reaction mixture was placed in a sand bath at 70°C for
35 min. The reaction mixture was allowed to cool to room temperature over night and
was cooled to -30°C for 1 hour. The colorless crystalline material was separated from the

20 solution and dried. Yield: 30 mg (87%). IH-NMR in CD,Cl, (8 in ppm): 7.64-7.02 ppm
(aromatic protons), 4.62 (m), 3.94 (m), 2.36 (s), 1.40 (s), 1.20 (m).
Example 40: Synthesis of complex C7:
[0208] 11.3 mg HfCl,Bz; e Et,0O (22.3 umol) in 500 uL toluene was added to 18 mg
(22.3 umol) LL52 in 300 uL toluene. The reaction mixture was placed in a sand bath at

25 70°C for 90 min. The reaction mixture was allowed to cool to room temperature for 100
min and was cooled to -30°C over night. The powdery crystalline material was separated
from the solution and dried. Yield: 14.3 mg (61%). 1H-NMR in CD,Cl, (§ in ppm): 8.36
(d), 8.12 (d), 7.5-7.0 ppm (aromatic protons), 4.44 (m), 4.52 (m), 4.15 (m), 3.67 (m),
2.40 (s), 1.7 (m).

30

Example 41: Propylene Polymerizations using metal-ligand compositions. A total of

one hundred and eight (108) separate polymerization reactions were performed as

described herein.
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solution of group 13 reagents in toluene and 3.9 mL of toluene were injected into each

5  pressure reaction vessel through a valve. The identity of the group 13 reagent solution is
given in Tables 1-3. The temperature was then set to the appropriate setting (with
specific temperatures for each polymerization being listed in Tables 1-3, below), and the
stirring speed was set to 800 rpm, and the mixture was exposed to propylene at 100 psi
pressure. A propylene pressure of 100 psi in the pressure cell and the temperature setting

10  were maintained, using computer control, until the end of the polymerization experiment.
[0210] Im situ preparation of metal-ligand compositions: The following methods were
employed to prepare the metal-ligand compositions as indicated in the Tables 1-3.
Method A: An appropriate amount of ligand solution (10mM in toluene) was dispensed
in a 1 mL glass vial at a scale of 0.4-0.75 mmol. To the 1 mL glass vial containing the

15  ligand solution was added an equimolar amount of metal precursor solution (10 mM in
toluene) to form the metal-ligand composition solution. The reaction mixture was heated
to 70-80°C for 1-2 hours. Method B: Similar to Method A except the reaction mixture
was heated to 60°C for 1-2 hours. Method C: Similar to Method A except the reaction
mixture was heated to 80°C for 1-2 hours. The residual solvent and volatile byproducts

20  were removed by blowing a stream of Argon over the 1 mL vial. The composition was
redissolved in toluene prior to addition of alkylation and activator solution. Method D:
Similar to Method A except the concentration of ligand and metal precursor solutions
were 5 mM. The reaction mixture was allowed to sit at room temperature for 35 min and
than was heated to 70-80°C for 10 min. Method E: Similar to Method B except the

25  concentration of ligand and metal precursor solutions were 5 mM. Method F: Similar to
Method A except the concentration of ligand solution was 5 mM and metal precursor
solution was 10 mM. The reaction mixture was heated for 30 min to 50°C. Method G:
Similar to Method A except the concentration of ligand solution was 15 mM and metal
precursor solution was 10 mM. The reaction mixture was heated for 1 hour to 70°C.

30 Method H: Similar to Method A except the concentration of ligand solution was 60 mM
and metal precursor solution was 5 mM. The reaction mixture was heated for 45 min to

70°C. Method I: Similar to Method G except the concentration of ligand solution was 25
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10

15

20

25

30

method” of the individual example described below. The solution is heated to
approximately 85°C to dissolve the reagent. The "group 13 reagent" solution is either a
solution of triisobutyl aluminium (“TIBA”) or a solution of trimethylaluminium
(“TMA”) or a solution of Modified Methylaluminoxane 3A (from Azko Chemical Inc.,
Chicago, 1) (“MMA.QO”) or a solution of Polymethylaluminoxane-Improved Process
(from Azko Chemical Inc., Chicago, II) (“PMAQO™), all “group 13 reagent” solutions
were solutions in toluene. The molarity of the solutions used is indicated in the
“activation method” of the individual example described below.

[0212] Activation methods and Injection of solutions into the pressure reactor
vessel, The following methods were employed to activate and inject the metal-ligand
compositions for the examples in the Tables 1-3. Method AA: To the metal-ligand
composition, 20 mole equivalents (per metal precursor) of a 500 mM solution of 1-
octene in toluene were added to the metal ligand composition in the 1 mL vial. Then, the
appropriate amount of the group 13 reagent solution as a 50 mM solution, containing the
indicated equivalents group 13 reagent (per metal precursor) in the specific example, was
added to the 1 mL vial. After 45 sec, 1.1 mol equivalents (per metal precursor) of the
“activator solution” (2.5 mM) was added to the 1 mL vial. About another 30 seconds
later, a fraction of the 1 mL vial contents corresponding to the indicated “catalyst amount
injected” was injected into the prepressurized reaction vessel and was followed
immediately by injection of toluene to bring the total volume injected to 0.400-0.500
mL. Method BB: similar to Method AA except the concentration of the activator
solution was 5 mM. Method CC: To the metal-ligand composition, the appropriate
amount of the group 13 reagent solution as a 50 mM solution, containing the indicated
equivalents group 13 reagent (per metal precursor) in the specific example, was added to
the 1 mL vial. After 40 sec, the indicated amount of the “activator solution” (2.5 mM)
was added to the 1 mL vial. About another 40 seconds later, a fraction of the 1 mL vial
contents corresponding to the indicated “catalyst amount injected” was injected into the

prepressurized reaction vessel, and was followed immediately by injection of toluene to
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and was followed immediately by injection of toluene to bring the total volume injected
to 0.400-0.500 mL.

10  [0213] Polymerization: The polymerization reaction was allowed to continue for 60-
900 seconds, during which time the temperature and pressure were maintained at their
pre-set levels by computer control. The specific polymerization times for each
polymerization are shown in Tables 1-3. After the reaction time elapsed, the reaction
was quenched by addition of an overpressure of carbon dioxide sent to the reactor. The

15  polymerization times were the lesser of the maximum desired polymerization time or the
time taken for a predetermined amount of monomer gas to be consumed in the
polymerization reaction.

[0214] Product work up: Propylene Polymerizations: After the polymerization
reaction, the glass vial insert, containing the polymer product and solvent, was removed

20  from the pressure cell and removed from the inert atmosphere dry box, and the volatile
components were removed using a centrifuge vacuum evaporator. After most of the
volatile components had evaporated, the vial contents were dried thoroughly by
evaporation at elevated temperature under reduced pressure. The vial was then weighed
to determine the yield of polymer product. The polymer product was then analyzed by

25 rapid GPC, as described above to determine the molecular weight of the polymer
produced, and by FTIR spectroscopy to determine the crystallinity index. The melting

point of selected samples was measured by DSC, as described above.
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[ 0216] Preparation of the group 13 reagent and activator stock sol utions:
The "activator solution" is either a solution of N, N -dinethylanilinium
tetral ci swo(opes2ef | uor ophenyl ) borate in toluene ("ABF20" PpcCaorusas/smsiiuti on of
tris(pentafluorophenyl) 10 borane in toluene ("BF15"). The "ABF20" sol ution
is heated to approximately 85C to dissolve the reagent. The nolarity is
indicated in the "activation nethod" of the individual exanple described
bel ow. The "group 13 reagent” solution is either a solution of triisobutyl
aluminium ("TIBA") or a solution of trinmethylalumnium("TMA") or a
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seconds later, a fraction of the total 1 nL vial contents containing the

I ndi cated "catal yst anmount injected" being identified in table 4 was

i nj ect ed Wotog/opf262 pr epressuri zed reaction vessel and wasPCalUSonexs11

i medi ately by injection of toluene to increase the total volune injected
of 0.400nm.. Method MM An appropriate anmount based on the equival ents 10
presented in table 4 of a 0.020M solution of the group 13 reagent is

di spensed into a 1 nL vial. 80 uL of a conplex solution containing 0.4
umol netal conmplex (5 mMin toluene) is added. After 50 sec, an

appropri ate anmpunt of th tivator solution in toluene ("ABF20" Is 2.5 nM
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Exanpl e 4Exa%lawlzenﬁ>p§1eyié eoBmRFizAtioAy haﬁgrsa;}aadtcﬁﬁ@me@oAymlrdfthtyons usi ng

" ot ene. GAPIEPHBleRoDMerB -aRS T B TSEOTOr b AR EELY- i e (39)
separat e gbiy| PRHasiadnCHRNE PORIMErEAtiéREdaCTbr prior to injection of catalyst
5  composition: The polymerization reactor was prepared in the manner described in
Example 41.
[0216] Preparation of the group 13 reagent and activator stock solutions: The
"activator solution" is either a solution of N,N’-dimethylanilinium tetrakis
(pentafluorophenyl) borate in toluene (“ABF”) or a solution of tris(pentafluorophenyl)

10  borane in toluene (“BF;5”). The “ABF,¢” solution is heated to approximately 85°C to
dissolve the reagent. The molarity is indicated in the “activation method” of the
individual example described below. The "group 13 reagent" solution is either a solution
of triisobutyl aluminium (“TIBA”) or a solution of trimethylaluminium (“TMA”) or a
solution of triethylaluminium (“TEAL”) or a solution of diisobuthylaluminium hydride

15 (“DIBAL”) or a solution of Modified Methylaluminoxane 3A (Azko Chemical Inc.,
Chicago, IL) (“MMAQO”) or a solution of Polymethylaluminoxane-Improved Process
(Azko Chemical Inc., Chicago, IL) (“PMAO”), all “group 13 reagent” solutions were
solutions in toluene. The molarity of the solutions used is indicated in the “activation
method” of the individual example described below.

20 [0217] Activation method and Injection of solutions into the pressure reactor vessel:
The following methods were employed to activate and inject the isolated complexes as
indicated in the Table 4. Method II: An appropriate amount of a 0.050M solution of the
group 13 reagent, containing the indicated equivalents group 13 reagent (per isolated
complex) in the specific examples in Table 4, is dispensed into a 1 mL vial. An

25  appropriate amount complex solution (3-4 mM in dichloroethylene) containing 0.4 umol
metal complex is added. After 10 min, 0.44 umol of the activator solution in toluene (2.5
mM) was added to the 1 mL vial. About another 60 seconds later a fraction of the total 1
mL vial contents containing the indicated “catalyst amount injected” being identified in
Table 4 was injected into the pre-pressurized reaction vessel and was followed

30  immediately by injection of toluene to increase the total volume injected of 0.400 mL.

Method JJ: similar to Method II except that the concentration of the group 13 reagent
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5 reactions were perforned as described herein: [0218] Preparation of the
pol yneri zation reactor prior to injection of catalyst conposition: A
pre-wei ghwo oglogies2 vi al i nsert and di sposabl e stirring padaeCe/uses/esiitted
to each reaction vessel of the reactor. The reactor was then closed, 0.10
nm. of a O. Vi ?{94% o1 3 reagent solution in toluene and 3.8 nL of toluene
were inje Ew]ﬁ]cétﬁg %21&@5 ssure reaction vessel through a valve. The
identity of tHe group reagent solution is MVAQ The tenperature was
then set t . SN Tl t 1o, 80 r.R and t he

mi xt ure mﬁgluéégggég'ag %@?Y%%é’ﬁe&hgtgs@gﬁﬁgw %‘%@?é"ﬁ?e&’? %&gth&lr{?"irgﬁgw;%? essure

of 100 psiheatad td§0-60°€S MutRod BILE 40nd. $flike | @APRIcAIPIEEsohioh iR GIVMRE &
mai nt ai ned, using conputer control, until the _end of the polynerization
exper i mentdispensed inte g1l k. aisdrAR aRPRORSTALS 3Reougt bassd 0B theeqyivalentmacsarted iat or

st ock S0l wihionsi, SSon @iok e Al Rkent § ot AMeP9 Hih Wit of

N, N - di met hyl ani I'i ni umtetrakis or op oraté in uene
(" ABF26") thefdpgivator sethitiom in solhamt(8 dnMpwapplded inthe é iyl vBb CAbautdhsthal 60e t he

reagent. The qr 13 reagent .solytion.is sol ution of. Modified

ot by i untoBh R o BadBADE M 58 Al et chinBe GetfatniihsB sbbatee Riwm,

prepar at i amoaht iffb@l* béigaiRneRiasitle PRas infétted iglol tvpiRprosRiRedrcw@fon

enpl oyed to prepare the ngtal -] i gand conpositions as indicated in the table

5-6. et hagsschendarasfpihevayshimapediatens b inieotigared tedenma e Brrepsomiatd vobinene) was
di spensed ;8181 df AT00ndA, B8R tHd EVIVL A‘ﬁl a@?fb@ﬁat@fam uléljt' % sdPor TR leﬂuiyzﬁeﬁtpe 1nt

glass vial "containing the lIigand so n was a d an equrnol ar anount of
met al 1pr epmsswed sdkble tod a0120MsdlutidnolfilengpuP 53 teagdnd isdispeasaddntala-1 i gand

conposi ti ion. The reacti.on m xtur s heated to 7Q- 80C for 45
nin. [022%?‘%@1‘%@3? %8 cﬁ@?lﬁe&fgfugﬁﬂc?rﬁf]ﬁ%i%o mB?IIE%FILﬁOF@ﬁ‘?‘ ﬁ‘i‘@l’?he pressure
reactor vsisae) is allied. {Adter S0ty amBiiostntenaheur 6Pihe vekkatd sakitiby 8f B1wdnRsl i nj ect
t he net al aAl]gI? (;l,i%lconposi tions_as indicated in the tables 5-6. Method EE:

t

To the Ii§ F-o3eMp BE1E] 1517 MMy <R the dicatsdragiabateof, 20

equi val ent » [ | of

Tl0ct an | R (PEF Aolon G S ol PO AR im0 R B30

PCT/ U363/ HizgimL v Mbom apiied 60 secosisAatena fregtioDed idet totdb 1 002l @BEHRCT)
conposi ti L.t 1 .. vial.., Then, the jngdjcate nt .qf .t he group 13
reagent gg t'é@f%ﬁﬁi g]glcﬁﬁ ?%%IY%&%H“{’SJ‘*F%Q 'fﬂelﬂ%lcgf@iﬁrgﬁ?ﬁ?bge #"& ure was hel d
at room ftgeqpet atohe pfepres@iizéd reaeton vhysel agd whd follotvedBambdid byl of

conononer . (.styrene or 1-. ..
injection of toluene to increase the total volume injected of 0.500mL.

Polymerization and Product work up: The polymerization reaction and product

20  work up were preformed in the manner described in Example 41.
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octene) followed imediately by 0.3 80 nL of toluene, were injected into

the 5 prepressurized reaction vessel.

"acti vat oawoggloeson"

see,

"cat al yst anount

(5 M) was added to the 1 nL vial.
a fraction of the 1
injected" were injected into the

nmL vi al

Then,

ARCrarsoxinasu

contents containing the indicated
reaction vessel
followed imMmedi ately by injection of toluene to increase the total
i njected of 0.400-0.500 nL. 10 [0222] Pol yneri zati on:

t he appropriate anount of the

t 30-40

and was
vol une

The pol yneri zation

reaction was allowed to continue for 60-600 seconds, during which tinme the
tenperature and pressure were nmaintained at their pre-set |evels by
conputer control. The specific tinmes for each polynerization are shown in

al was

i m ne the
t—-

)

d Tabl e

Blymer, $is
nﬁ*m;

X
ctivity
ym

OCCr
MMV

8
n

345 < . g
324
440
600

tabl es 5-6. The polynerization tinmes were the | esser of the maxi nmum desired
pol ynerization time or the tinme taken for a predeterm ned anount of nononer
gas to be 15 consuned in the polynerization reaction. After the reaction
time el apsed, the reaction was guenched by addition of an overpressure of
carbon dioxilde gent |to the reactorn. [0223] Product work up:

et hyl ene/ st y|r eng ©f et hyl ene/ 1- octfene copol yngr@ z@tions| After the

pol yneri zatijon £éaéqi on, the glasT vi al inserﬁf‘cﬁntain ng the pol yjmer
product and so]venf, was renoved|fromthe prgssure cel] and renoved from
the inert atjnosfhke N20 dry box, jand t he voI;tlle co bnents wer e_|renoved
using a centlri f @RV apuFmBe\RPRr &Y o2 . SATE ¥ GBSt &N apoRafi @) of the
vol atile codboqgﬁi§ the vial contlents were dried t oughly by
evaporation lat elgvated tenperature under redyced pressure. The vi

t hen wei ghed to qg rm ne_t he yie| pol N product,| Ihe, pgly

product was |t hen ® Ig/zéd@byﬂ r% 2 d%v% gs%ggl &?igeg@pée“tc@dgng

nol ecul ar 25 wei of ThE polyner Produced, “Aid By FITR-0° FRRnan
spectroscopy to brm ne the conononer |ncoHporation. Resul ts areg
presented in the Dl e 5 for ethyuene styrenej copol yneri zati ons ar

6 for ethyld D&Y eg@egcqpogyﬁ rtz8tigpr¥. 112 SODFPRIFHE 8 ©

PCT/ US03/ 129 BT 0Y D © N ENYEH-8 8 =pS & & o~
cvccCr, d N r d ME Mco OCo'fdr Or cop Q2 2 LOm
LOONNQ tAN VJ

[*)]
M~

oz

N

Z
202 ©
47117 Q
600
94
157
141
140
157
162

~ o O I~
~ » & o

time
(sec)
110
600

Polyma A

Polym.
temp.
{Celsius)
80
80
80
120
80
80
100
100
100
100
100
50
50
50
50
80
80
80
80
80

catalyst
amount
nmol
90
90
90
90
110
110
110
110
110
110
110
110
130
110
130
90
90
20
90
110

method
25
25
25
25
25
25
25
55
25
55
55
20
20
20
20
25
25
20
25
25

MM
MM
MM
MM
MM
MM
LL
LL
LL
LL
LL
JJ
Jd
JJ
JJ
MM
MM
MM
MM
MM

and mole and mol Activation injected
equiv.

reagent Activator

Group 13
equiv.

ation

Complex method
5TEAL 1.1 ABFy

5TIBA 1.1 ABFy
5 MMAO 1.1 ABFy
5MMAO 2.2BFs
5 TEAL 1.1 ABFy
5TIBA 1.1 ABFy
10 DIBAL 1.1 ABFy
10 DIBAL 1.1 ABFy
10 TMA 1.1 ABFy
10 TMA 1.1 ABFy
10 TIBA 1.1 ABFy
30 DIBAL 1.1 ABF5
30 DIBAL 1.1 ABFy
30 TIBA 1.1 ABFy
30 TIBA 1.1 ABFy
5 MMAO 1.1 ABFy
5PMAO 1.1 ABFy
5TIBA 1.1 ABFy
5MMAO 2.2BFys
5 MMAO 1.1 ABF5

Table 4 (continues on next page):
complex-

C1
c1
C1
C1
c1
C1
c2
c2
c2
c2
c2
c3
c3
c3
c3
c4
c4
Ca
c4
Ca
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nY n7 r5 redctidnsiwéréperforned andr'thirby-nine (39) separate ethylene-styrene copolymerization
5  reactions were performed as described herein:
[0218] Preparation of the polymerization reactor prior to injection of catalyst
composition: A pre-weighed glass vial insert and disposable stirring paddle were fitted
to each reaction vessel of the reactor. The reactor was then closed, 0.10 mL of a 0.02 M
group 13 reagent solution in toluene and 3.8 mL of toluene were injected into each

10  pressure reaction vessel through a valve. The identity of the group 13 reagent solution is
MMAO. The temperature was then set to 110°C, and the stirring speed was set to 800
rpm, and the mixture was exposed to ethylene at 100 psi pressure. An ethylene pressure
of 100 psi in the pressure cell and the temperature setting were maintained, using
computer control, until the end of the polymerization experiment.

15 [0219] Preparation of the group 13 reagent and activator stock solutions: The
"activator solution" is a 5 mM solution of N,N’-dimethylanilinium tetrakis
(pentafluorophenyl) borate in toluene (“ABF,”). The solution is heated to approximately
85°C to dissolve the reagent. The group 13 reagent solution is a solution of Modified
Methylaluminoxane — 3A. (Azko) (“MMAO”) in toluene.

20  [0220] In situ preparation of metal-ligand compositions: The following method was
employed to prepare the metal-ligand compositions as indicated in the table 5-6. Method
K: An appropriate amount ligand solution (10mM in toluene) was dispensed in a 1 mL
glass vial at a scale of 0.4-0.75 mmol. To the 1 mL glass vial containing the ligand
solution was added an equimolar amount of metal precursor solution (10 mM in toluene)

25  to form the metal-ligand composition solution. The reaction mixture was heated to 70-
80°C for 45 min.

[0221] Activation methods and Injection of solutions into the pressure reactor
vessel: The following methods were employed to activate and inject the metal-ligand
compositions as indicated in the tables 5-6. Method EE: To the ligand metal

30 cdmposition (preparation described above), 20 equivalents (per metal precursor

equivalent) of a 500 mM solution of 1-octene in toluene was added to the metal ligand
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" oltetie) folfowed inlediately by 0.380 mL of toluene, were injected into the
prepressurized reaction vessel. Then, the appropriate amount of the “activator solution”
(5 mM) was added to the 1 mL vial. After about 30-40 sec, a fraction of the 1 mL vial
contents containing the indicated “catalyst amount injected” were injected into the
reaction vessel and was followed immediately by injection of toluene to increase the total
volume injected of 0.400-0.500 mL.

[0222] Polymerization: The polymerization reaction was allowed to continue for 60-600
seconds, during which time the temperature and pressure were maintained at their pre-set
levels by computer control. The specific times for each polymerization are shown in
tables 5-6. The polymerization times were the lesser of the maximum desired
polymerization time or the time taken for a predetermined amount of monomer gas to be
consumed in the polymerization reaction. After the reaction time elapsed, the reaction
was quenched by addition of an overpressure of carbon dioxide sent to the reactor.

[0223] Product work up: ethylene/styrene or ethylene/1-octene copolymerizations
After the polymerization reaction, the glass vial insert, containing the polymer product
and solvent, was removed from the pressure cell and removed from the inert atmosphere
dry box, and the volatile components were removed using a centrifuge vacuum
evaporator. After substantial evaporation of the volatile components, the vial contents
were dried thoroughly by evaporation at elevated temperature under reduced pressure.
The vial was then weighed to determine the yield of polymer product. The polymer
product was then analyzed by rapid GPC, as described above to determine the molecular
weight of the polymer produced, and by FTIR or Raman spectroscopy to determine the
comonomer incorporation. Results are presented in the Table 5 for ethylene-styrene

copolymerizations and Table 6 for ethylene-1-octene copolymerizations.
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Ca~43JJJJJJMMcoJCDO O JJ JJJJJIJJIJIJIJIJIJJI 117 VWO
03/ 091262 PCT/US03/12811 5 [0224] It is to be understood that the above
descri ptiwo Bs9126t ended to be illustrative and not restriPCTiUse3/ 128Ny
enbodi nents wi Il be apparent to those of skill in the art upon reading the
above description. The scope of the invention should, therefore, be

determ ned not with reference to the above description, but should instead
be determned wth reference to the appended clains, along with the full
scope of equivalents to which 10 such clains are entitled. The discl osures
of all articles and references, including patent applications and
publications, are incorporated herein by reference for all purposes. 118 WO
03/ 091262 PCT/US03/12811 What is clained is: 1 1. A conposition

conpri si ngo224]( t)is & He weladtadahatheabove desyiptine isghtentied fodid ilwitragivgenér al
formula: IRYY . IRARY Y LRI R X X -AR AR-X B. 3.4 (1) (11) 5

wher ei n eal® FPIYLRE- IM%nya‘?m]P%Jé%’FmFMAEW&P%@H t%ﬁ%?ﬁ% of sill g é’e@ftg']'pé’hoval ina
bi ndi ng 6 faaRLIRLBYVEReRripRbA! TAS &Bpe bf tRtiAVenBoR SHEBA theefRaR; AR is an
aromatic group that can 7 be the sanme or different fromthe other AR
groups wi t deterntinedapothvaitnigfirentespe theaholvy desceiptiens thatistfoulshinstsad be detprmined

consi sting opt i onal substituted aryl .or.heteroaryl; B i;s.a 9 {.dgi ng
group havi W@LF?‘%’E?PES%@ ﬂlh% a%‘ffng?%ﬁlguﬂ%?ﬁ)géd’ﬁﬁ} %%h‘g%“r"%éh 6%1{1%%%9‘:5 B? i (ghX' are
10 t hegangchrcldink bey @fitle@nthe@RclondePenuiratités ael RErettel rinctuding pateatip
consisting of 11 oxygen, sulfur, -NR30-, -PR30-, where R30 is selected from
the group erhiskiensrgd pnblicapions; @Fq imeorpRratqddeerein iy refstanem riajl DyEROSes-t ut ed
hydr ocar byl , het eroatom containing 13 hydrocarbyl, silyl, boryl, alkoxy,
aryl oxy and conbi nations thereof ; X' and X'' are the 14 sane or different
and are independently selected fromthe group consisting of optionally 15
substituted am no, phosphino, hydroxy, al koxy, aryloxy, alkylthio, arylthio
and thioxy; Y
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16 and Y' are the sane or different and are independently selected fromthe
group consisting 17 of optionally substituted am no, phosphi no, hydroxy,

al koxy, awgloenyi26al kylthio, arylthio 18 and thioxy; and wogEusohesAR group
attached to the bridge is an optionally substituted 19 heteroaryl, X and/or
X can be part of the aromatic ring; 20 (2) a netal precursor conpound

char act erWhetlisislpimp@isgeneral formula ML),, 21 where Mis a netal selected
fromgroups 3-6 and Lant hani de el enents of the Periodic 22 Tabl e of

El ement s, e ch t forns a coval ent, dative or ionic bond

W th I\}l e} OT%ogtlgg &'r&iénéﬁ ‘or 6; and 24 (3) opt| onal ly, at |east one
activat or 1 Zg)III@aﬁ@aﬁw&témz@d bqfoneloﬁthn followimgegenerat forealkt one AR is a

het er oaryl . The corrp05| ti ﬁ] 1, wherein the ligand is

char act er ARe¥ by theYq ﬁer al % 119 WO 03/ 091262 PCT/ US03/ 12811
R3R13::>l:;R15 R6 0R16 3 R8 R18 4 wherein each of R1,
R2, R3, RA,R‘&RG 7ARRS, ROARRY, RI¥)RR12, R13, R14, R15, R16, R17, 5
R18, R 9, an |ndependent\|\)L cted from the group consi sting of
hydrld% halide,” 6 and optionally substltuted hydr ocar byl ,

het er opt om cont gini ng hydrocar byl ,dBI koxy, 7 aryl oxy, 5|Iyl boryl ,

phosphi no, . am no, hi o I th| 0, thiox I
conbi nat | BREEHACh ‘{) |36|’¥%?'F1i %Vot%r(éﬁenr% Sy“ﬁpa og)ggen%@r?ﬁ E:no n%iliﬁglgt oget her
into rf ngpﬁgtlocﬁ %Hﬁ%%é?él’atéﬂhto? n&‘t%ﬁgbrédu%r 5t b4461 AR 4§ afh arohtagic fgk@m tBattaan 100

atonms In e ring not countin drogen atons; and B, X and X and Y and
Y' are7 asbeltfei slamd oa diffeeent i aoi thehéhqxrl%& igeaps Withpagh (WRebring lnéePﬁ?ge@Bfrbl ned

o by ol B S R ),

R5, R6y R{§ REGrorfone RLS) atbiid ,no%ntlﬂgﬁydlﬁgﬁl atRig; XRhe ,X'Rﬂ?g and
R20 i s i ndepen%enlda% sel ected fromthe %éfup consistin ? hydri de,
hal i deyp afit sepieiow ¢r9ntgm5§ﬁ md@mdamﬂéyﬁelec feqrp hagrrup S\‘P‘%FS Ing Ohet er oary! ,

SO SRS BB RO g
12 hydride, halide, and optionally substituted hydrocarbyl, heteroatom-containing
13 hydrocarbyl, silyl, boryl, alkoxy, aryloxy and combinations thereof ; X” and X’’’ are the
14 same or different and are independently selected from the group consisting of optionally
15  substituted amino, phosphino, hydroxy, alkoxy, aryloxy, alkylthio, arylthio and thioxy; Y
16 and Y are the same or different and are independently selected from the group consisting
17 of optionally substituted amino, phosphino, hydroxy, alkoxy, aryloxy, alkylthio, arylthio
18 and thioxy; and when the AR group attached to the bridge is an optionally substituted
19  heteroaryl, X and/or X' can be part of the aromatic ring;
20 (2) a metal precursor compound characterized by the general formula M(L),
21  where M is a metal selected from groups 3-6 and Lanthanide elements of the Periodic

22 Table of Elements, each L is a moiety that forms a covalent, dative or ionic bond with M;

23 nisl,2,3,4,5,o0r6;and

24 (3) optionally, at least one activator.
1 2. The composition of claim 1 wherein at least one AR is a heteroaryl.
1 3. The composition of claim 1, wherein the ligand is characterized by the general
2 formula:
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1 5. The conposition of claim4, wherein each of Rl, R2, R3, R4, R5, RG,
R7, R8, R9, 2 R10, R11, R12, R13, R14, R15, R16, R17, R18, R19, and R20 is
i ndependewOlog/osebrected fromthe 3 group consisting of hyacirasps/ealli de, and
optionally substituted al kyl, heteroal kyl, aryl, 4 heteroaryl, al koxyl,
aryloxyl, silyl, amno, alkylthio, arylthio and thioxy. 1 6. The
conposi tion of affaim 3, wherein theRfigands are characterized by the 2
forml a: 120 WO 03/ 09]2262 PCT/lpSOSI 2811 ,R3 RI3 4 R Rhg Ro RS Y Y1 R15
3 R?R herin R2, R3, R4, R5, R6, R7, R8, R9,
and R19 are as 5 defined above, B is as
defined above are as defi nedlabove, and Y and Y' are as 6

defi ned abg th the! provi sd“t hat eachRHf Y and Y' include hydrogen. 1 7.
The conp05|t|on of claim®6, wherein|the ligands is characterized by the
formul a: R0 2 R4 R5r%® R RO R6 R RO RO R7 2 R$ R8 3 wherein
each of R2, ; R6, R9 i's independently selected from

%of hy r|d ) ﬁ and optionally substituted

: Rhet er oal kenyl, heteroal kynyl, aryl,
y oxyI, silykws boryl, 6 phosphino, am no,
ni o, thioxy, seleno, nitro and conbi nations thereof 1 8.

al kyl, alkehyl
heteroaryl alko:
alkyltﬁ' arylt

Th f h I

S aatinctl Wl & el L B
R2 d Rl h f

R R R L £ 2 SISO B

1, whergei naﬂdhﬁnt@ﬁél%u@@tﬂfe@lﬁ/dﬁchﬁ)ys Qﬂeté@da@cﬁnfcbﬁmﬂdi@hﬁhgcﬁaiblﬁ ghowsy, st i ng of
optionally substituted dival ent hydrocarbyl and_dival ent heteroataom
7 aryloxy, silyl, boryl, phosphino, amino, alkylthio, arylthio, thioxy, seleno, nitro, and
8  combinations thereof: optionally two or more R groups can combine together into ring
9  structures, with such ring structures having from 3 to 100 atoms in the ring not counting
10 hydrogen atoms; and B, X and X' and Y and Y" are as defined above; with the proviso
11 that when B is not combined with the X and/or X' group, X and X* are defined as X” and

12 X’” previously.

1 4. The composition of claim 3 wherein each of R}, R? R, R* R’ RS, R/, RS R,

2 RY R!YRP RB, RM¥ RY, R RY R R" and R% is independently selected from the
3 group consisting of hydride, halide, and optionally substituted alkyl, heteroalkyl, aryl,

4 heteroaryl, alkoxyl, aryloxyl, silyl, boryl, phosphino, amino, alkylthio, arylthio, thioxy,

5  seleno, nitro, and combinations thereof.

1 5. The composition of claim 4, wherein each of Rl R?, R, R* R°, RS, R/, RE R’

2 RO RY R'?, R, R™ RP, R R, R, RY, and R¥ s independently selected from the
3 group consisting of hydride, halide, and optionally substituted alkyl, heteroalkyl, aryl,

4  heteroaryl, alkoxyl, aryloxyl, silyl, amino, alkylthio, arylthio and thioxy.

1 6. The composition of claim 3, wherein the ligands are characterized by the

2 formula:
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3 contai ning hydrocarbyl. 121 WO 03/091262 PCT/US03/12811 1 11. The
conposition of claim 10, wherein Bis selected fromthe group consisting of
2 optionawby3suhist it uted dival ent al kyl, al kenyl, al kynyl pChatSes/oasikyl ,

het er oal kenyl, 3 heteroal kynyl, aryl, heteroaryl and silyl. 1 12. The
conposition of claim10, wherein B is represented by the general fornula 2
-(Q'R402-7")Z Wérein each Q is eikher carbon or silicon and each R40 may
be the sang 3 or different fromthg otheps such that each R40 is sel ected
fromthe d¥oy is%¥ing of M ydrixde afid optional |y substituted

D2 0RS
hydr ocar byl and hetler oat om cont ai hydrocarbyl, 5 and optionally two or
nore R40 gr oupg be j oi ned i nilgQ ing structure having from3 6 to 50
atons in tie ring structure na

i ngrRAydrogen atons; z' is an integer
fromlto 7 10;land z" is O, 1 or

1 13. The conposition of claim1l

o&i sting of 2 Hf, Zr and Ti. 1 14.

ch L is independently selected from
) _4Qnsi s X Kyl ,, substituted al kyl, cycloal kyl,

substitutedRtycNoal K§i, 3 het & 0a , 8Bubstituted heteroal kyl

het er ocycl oal kylls substituted heterpeycl oal kyl, aryl, 4 substituted aryl,

heteroéryl , Substituted heteroarsy | koxy, ar%l 0XY, 17boggy , |yl , am no,

| |, s
5 anine,  hyliréid®>, Bj’,IIVLRs,d16eRé,RpR&é%ﬁin&,Rlﬁh%splhl ', Bas mﬂg@r@@,

al kylthio,_ arylthio, 6 thi 3-di onates, oxal at.es, car t1&S,
nitrates, @P%Qf"é@Béﬁﬁs ‘iegxﬁ%pﬁé‘?‘f%%lsa“p r B8 égflflegélﬁbﬁgn%gnﬁ%ggfta}rgﬁs of
claim, wRehed idle wisidfle potasd-thafeadh of Wi . Y-lindléde Rydregel. conpl ex havi ng
two seven-nenber netallocycles, wherein each 2 nmetall ocycle includes four
atons froma bis-aromatic noiety and is forned with bonds = 3 fr mtpe met al
atomtd at | @asFhexomenositivatodsteimdnwhepeiy e Aigaudsds Pb@éa‘ét%@ﬁ-%%&m& a

nmetal | ocycles arg joined together bysat |east one bridging group and
wherein the netaf in 5 said netal ¢onplex is selected fromthe group

consi stinggf grups g+ 6 and kapnt hanj de @*el enents of the Periodic Tabl e of
El ements. 1 3 met al conpl exX aim 16, wherein said two, bridged
seven- nenber jlal | ocycl es ar ¢ ositionally identical. 1 18. The
met al conpl ex v _ctalm 17, wheref zch~Qf said netallocycles includes four
2 atoms fr®Bma bfs-aryl noiet yY 122 |WD 03/ 091262 PCT/ US03/ 12811

3 wherein each of R%, R?, R* R’ RS, R/, R® and R’ is independently selected from the

4  group consisting of hydride, halide, and optionally substituted alkyl, alkenyl, alkynyl,

5  heteroalkyl, heteroalkenyl, heteroalkynyl, aryl, heteroaryl, alkoxyl, aryloxyl, silyl, boryl,
6 phosphino, amino, alkylthio, arylthio, thioxy, seleno, nitro, and combinations thereof.

1 8. The composition of either of claims 3, 4, 5, 6, or 7, wherein at least one of R? and

2 R'is not hydrogen.

1 9. The composition of claim 8, wherein R? and R are independently selected from

2 the group consisting of optionally substituted aryl and heteroaryl

1 10. The composition of claim 1, wherein the bridging group B is selected from the
2 group consisting of optionally substituted divalent hydrocarbyl and divalent heteroatom
3 containing hydrocarbyl.
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1 19. A netal conplex characterized by the general fornmula: 2 (4,2,0 S W
3 where (4,2,0S) is a dianionic ligand having at |least 4 atons that are
oxygen orweuwBfure2l and chelating to the nmetal Mat at | ea®CTAISOD@SAi nat i on
sites through coval ent bonds from 5 either oxygen or sulfur atonms to M M
is a netal selected fromthe group consisting of 6 groups 3-6 and

Lant hani de el ements of the Periodic Table of Elenents; each L is the 7
same orl di f f éi e ¢anopasitinn afictrims] Oamdietein Bagselesherblipm the grovp consisinged t o

s 150 ronsiohalihbeBniRte Pttt Akt pbRE) e Bt ek ntent 1

sel ected f}[é@éfbglkgzﬁﬁ plh@temﬁla@alsngl of halide, alkyl, substituted al kyl,
cycl oal kyl , substltuted cycl oal kyl , 3 heteroal kyl, substituted heteroalkyl
het er ocycl oal kyl , substituted heterocycl oal kyl, ar yI b@jl tut d aryl,
heterodryl, ddb5hq eqmpasitinaetchimA0, whetesyh is fopjasenicd by g eygene aam no, 5

ani ne, hydr@R{t :)l—y lvg I%F]r%h%h Q’ﬂggﬂge%r%grboﬁ%?ﬁ%b &nd Qeﬂﬂlquél gtlﬁ?he same

al kyl thi o I OXY, onat es oxa ates, car ates
nitrates, c&tmfihzah'e&omahdomemtsuctaﬂnbmhtﬂt%rsesel‘ectedﬁomtheTgneup:mmmtang pHn of

claim19, wherein_at one S, an 1 22. A netal

char actéer i Bxigidg ynd PP"A ?]stut’%gutﬁ‘é h}éc}rapargglraﬁ&hggeroat@_qq coﬁ@mng@g@c eﬁ%ﬂ

Y3- AR 2 RO ARy e XoinbRirko 4 ring sBudureABvigfoAR 2 3
wherein atalidM ;utonrtl of t erebong*%ups eéolgoval%n{lngvs\n th thevogh bonds

bei ng dat i toe50 atdmaindthe ainlg sARctis: rah caurdimgthiydragen apnish at iseanntogertfioen éacure or

di fferent { omth Sg(?t her, AR 5 groups wth each AR bei ng i ndependently

sel ect €d f Zonsi st | ng of 6 optionally substituted aryl or
het er oaryl ; B |s a brldgl ng group having fromone to 50 7 atons not

counting hydnagene SIpBEition FMthin 1 Wh&etn¥ i selEcted fidhinfthe ERp candstiigef8
i ndependent|y sel ected fromthe group consisting of oxygen, sulfur, -NR30-,

- PR30-,2 9H{feraad®20 is sel ected fromthe group consisting of hydrl de,
hal i de and opt| onally 10 substituted hydrocarbyl, heteroatom containi ng

Q?ISIr giglr bé/tlnd 1?0 % %%I? ((gs%tsontﬁler efﬁ%ll, Wvl}]?en %h%{sqgé%%ﬁﬁﬁl@lsgg\%flenMS and Y3
and X4 2 group consisting of halide, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl,

3 heteroalkyl, substituted heteroalkyl heterocycloalkyl, substituted heterocycloalkyl, aryl,

4  substituted aryl, heteroaryl, substituted heteroaryl, alkoxy, aryloxy, boryl, silyl, amino,

5  amine, hydrido, allyl, diene, phosphino, phosphine, carboxylates, alkylthio, arylthio,

6 thioxy, 1,3-dionates, oxalates, carbonates, nitrates, sulphates, and combinations thereof.
1 15. The composition of claim 1, wherein at least one L is an anion.

1 16. A metal complex having two seven-member metallocycles, wherein each

2 metallocycle includes four atoms from a bis-aromatic moiety and is formed with bonds

3  from the metal atom to at least 2 heteroatoms, and wherein said two seven-member

4  metallocycles are joined together by at least one bridging group and wherein the metal in
5  said metal complex is selected from the group consisting of groups 3-6 and Lanthanide

6 elements of the Periodic Table of Elements.

1 17. The metal complex of claim 16, wherein said two, bridged seven-member

2 metallocycles are compositionally identical.

1 18. The metal complex of claim 17, wherein each of said metallocycles includes four

2 atoms from a bis-aryl moiety.
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12 and X5 are the sane or different and are independently selected fromthe
group 13 consisting of oxygen, sulfur, -NR30-, and -PR3-, where R30 is
defined awows/9mben the 14 bond to Mis dative Y2 and Y3premdskslizmd X5 are
the sane or different and are 15 independently selected fromthe group
consisting of optionally substituted amno, 16 phosphi no, hydroxy, al koxy,
aryloxy, thioxy, alkylthio and arylthio; 17 Mis a netal selected from
groups13-6 aHi A wetahaemplex shapetarizeddsy thrgemsel fogmelans Tabl e of El enents,
each L2i S a noiety i(ﬁuztotﬁﬁ\rggg a covalent, dative or ionic bond with M 19
and n"“is 1, 2, 3 or"27 > The conpl ex of claim 22 wherein the conpl ex

i s chagackafie@d, 0)S)tihe dpansidligand haoingsk fastRBatBhs thaRh dliygen Sisulzr LI - "' .
YZ Y3 Rs RlL RI11 RI5 R6 Ro RO Rib X~ R7 ' R9 RO R 3R8R1(§4wherein
each of Rendppelping tRihgmetaRY! aip leagis? caprnation sifep S povalont Bonde {7 £

R18, R19, is : f r sirst ing of
nydri a8, s Ber, S AR RERSIENIMIE Bl LRTHORE LG comSStiag 41

het er ogt ogrePR3ad MidDartihahideeetyits ofithe®eyipdic Babld afdiiemsith)dach bds thie,

phosphi no, am nq,_ al kylthio, arylthio, thioxy, seleno i,tro,

conbi nat i sABe chaissnt Tiomt ThSr?é}qu%aFt earh fRse éywﬂ%}ﬁﬁgﬁdéaﬁo %ﬂﬁ%ﬁ@\foget her
into rigng . r b {0icH&nh: 4 istiract yfgs having from3 to 100
at ors |%n tﬂ%?%ﬂ&é&%gtcﬁgg%%%oﬂlg 19’ %d(}?égté’nﬂat’ons. 1 24. The conpl ex of
claim 23 wherein each of Rl, R2, R3, R4, R5, R6, R7, R8, RO, RI10, 2 Rll,
R12, R13, R12). TRkSpetill®mpRizof dkiigy 1 Ryherein daghold 15 isd¢nsadershydeleeted fvan ect ed

f the 3 1S St . of ide. halijde, [ ktuted
bl Ryl Phedf Rk gpishgor idk, alteF s O phSE yORIIP SRR Yo RRGL U] ©
phosphino hepmddiRy], fibktitutdd Rterédl Ny tHRtRocyclballyy, substithted dBerocyelbaikyl, and,

conbi nations thereof. 124 WD 03/091262 PCT/ US03/ 12811 1 25, The conpl ex of
cl ai m 24, swhsiteted anddictepari, sutmpitutebheterparyhsalkqigysagyioxyRooryl, silyl,amino,

5 amine, hydrido, allyl, diene, phosphino, phosphine, carboxylates, alkylthio, arylthio,

6 thioxy, 1,3-dionates, oxalates, carbonates, nitrates, sulphates, and combinations thereof.

1 21. The composition of claim 19, wherein at least one L is an anion.
1 22. A metal complex characterized by either of the general formulas:
Ln' Ln'
AR-YZ. _ | _.-Y*-AR Y
M ARY? M TYSAR
ARXT TX=AR |

\\‘B J ARX X°-AR
2 NI

wherein at least two of the bonds to M are covalent, with the other bonds being dative;

W

and each AR is an aromatic group that can be the same or different from the other AR
groups with each AR being independently selected from the group consisting of
optionally substituted aryl or heteroaryl; B is a bridging group having from one to 50

atoms not counting hydrogen atoms; X and X' are the same or different and are

[>T e Y

independently selected from the group consisting of oxygen, sulfur, NR*., -PR*-,

O

where R* is selected from the group consisting of hydride, halide, and optionally
10  substituted hydrocarbyl, heteroatom-containing hydrocarbyl, silyl, boryl, alkoxy,
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2 R', R12 R13 R14 R15 R16 R17 R18 R 9, and R20 is independently sel ected
fromthe 3 group consisting of hydride, halide, and optionally substituted
al kyl , hewerosadkeyt, aryl, 4 heteroaryl, al koxyl, aryl oxylPCT4iShy/i2818M NnoO,
al kylthio, arylthio and thioxy. 1 26. The corrpl ex of claim 23 wherei n the
conplex is character| zed by the general 2 fornula: R3 R13 R12
R14 | ks @y oxy, and combinagns theyedd; when the pnddo Ry isepvalent ﬁlazn@Y rsi

RLo ar & ng 4R A eESadPpr Hfferd ind g b gficduf 1ol B 0 dh s, o

R19 are as > X and X
are as ltlef icomsistaigmfexygmglstifiraiR I3 and PRE-, atoret Pnedofatedviboveaanthehlhd and

n' are as ef' ned .ahove._j 27, ,Th ex of claim wherei n the conpl ex
i s charl‘élct %%ﬁﬁ%@ Yo%?aande&emgkmre dz%?ffen‘i\ﬂn d 3% X X R6 7 RO
RO R7

[ ndeperllgeﬁy glgieg@fggé??(grﬁnsﬁl tgé 51%% |P &?ﬁ“i@% ﬂ%?flﬁgﬁ%ﬁﬁs Jﬁ% 8 hail I d and
opt i onaé | y phedphiriot hyct'dX)alaﬂdsdxy, abfloetm'ytﬂuom ilcpilghip afid Iare;ﬂtbra)al kyI

h k | h lyl,
bor yi - 176 phospii ik e tceiet Ropbep s 56 ord by Spend Qi‘éwﬁ%ﬂﬁf@r oy and
conbi nagi omsbleE Edshents, baéh N2 Qﬁo%ﬁﬁ?ffrﬁ/aléggﬁéﬂ@@zﬂtﬂve of 1&}ﬁéjbé\ﬂd %ﬁh l\JI-' and

n' are as defined above. 1 28. The conpl ex of either of clains 23, 25,
26, or 127, apther€iln2al otbast one of R2 2 and R12 is not hydrogen.

1 23. The complex of claim 22 wherein the complex is characterized by the general

2 formula:

BWw

wherein each of R', R%, R*, R, R*, R®, R, R®, R’, R'*, R", R™2, R"®, R R”’, R'6, R,
R, R”, and R® is independently selected from the group consisting of hydride, halide,
and optionally substituted hydrocarbyl, heteroatom-containing hydrocarbyl, alkoxy,
aryloxy, silyl, boryl, phosphino, amino, alkylthio, arylthio, thioxy, seleno, nitro, and

combinations thereof; optionally two or more R groups can combine together into ring

o v 3 Y W

structures, with such ring structures having from 3 to 100 atoms in the ring not counting

10 hydrogen atoms.

1 24. The complex of claim 23 wherein each of R!, R%, R3, R* R?, R® R’ R® R’ R,
2 R, RZ RB,R™ RP, RIS R R, RY, and R is independently selected from the

3 group consisting of hydride, halide, and optionally substituted alkyl, heteroalkyl, aryl,
4  heteroaryl, alkoxyl, aryloxyl, silyl, boryl, phosphino, amino, alkylthio, arylthio, thioxy,

5  seleno, nitro, and combinations thereof.

124



1 29. The conplex of claim28, wherein R2 and R12 are i ndependently
selected from 2 the group consisting of optionally substituted aryl and
het er oar yWob3801262The conpl ex of either of clains 22, 23, 24T/UR831B61 or 27,
wherein the bridging 2 group Bis selected fromthe group consisting of
optional Iy substituted divalent 3 hydrocar byl and divalent het er oat om

cont ai ni ng hydr ocar byl 31.. The conpl ex_ of wher ei.n 1S 10
sel ected from? H@eﬁpﬁ’l}?b"x&fﬁﬁ%ﬂ“n@’hﬂem EacbmflROﬂlg% Ry, Bu@sthaﬂft R & VRI%ent

okt 3 Kecypapio i hevskookkrke, b R ennds LaLEIORLORY . o1y

het eroaryl n e’ conpl éx o
r epr eseant egrduyp ¢olnms@@1@iﬂ@ldnﬂe rimlilde, dad-op@omAB2suBs t)tZted\Mi@[l dicteredkyl, 41,1 S

ei ther carbon or silic a R40 e the sane. 3 or different from
t he ot hér s?’Q‘[?E‘??rYIh%Ik‘ ’@gcﬁagﬁfls’gy ]i“Bn?fﬁ’Wélog”PgﬂHO%ny sting of 4
hydri de and optionally substituted hydr ocarbyl, and optionally two or nore
RAO groyps  S2éTeheREmipRixFEI4iMI3 Wndrbinghs bbbk iEchiRiehiged Bffﬂe?geh&aﬁo at ors
inthe ring structure not 6 counting hydrogen atons; z' is annteger from
1 to 102 aremmilais 0, 1 or 2. 1 33. The netal conplex either of clains 22,
23, 24, 25, 26, or;27, wherein each L ig;; 2 independently selected fromthe
group consi sting @gf halide, alkyl, subsfituted al kyl, 3 cycl oal kyl,
substituted,cycl ogl kyl, hetegoal Eml stituted het er oal kyl

het er ocycl BstltLlPed ol oafkyl, aryl, substituted aryl,

het er oaryl, sul ed heterloaryl, 9 ar yI oxy, bor yl, silyl, am no,
am ne, hydri do, , di ene phosphl phosphi ne, 6 car boxyl at es,

al kyl t hi o, ’ DR OXY.. lsat es, carbonates, nitrates,
7 sul phates, and . The conpl ex of either of
claims 22, 23, 24) 25, 26’ or 27 V\,herel n at _least one L 2 is an anion. 1

35. The co X B cl ai ¥, ~18, 19, 20, 21, 22, 23, 24, 25,
cted group consisting of H, Zr and
PCT/ USOB 11 A_pgl ymeri zation reaction or

26 or 27 2

Ti. 126 WO 03/ 09 ?

process enpl®yi ng 05|t|on R |ne by eRther 2 of clains
1,2,3,4,5,6,7, 10/,11, 12, 13, 14 or 151,1 37. The process of claim 36
wher ei n3sai d at Igast one activator |s Bresent conprises 2 an ion form ng
act vat gr areifREJIPNREI Y, RA 101 RPRIRI% 0G0t RL 198 RA 1PROGRSE” flas N

pol yneri zation of ‘an al’pha-olefin, donprising polynerizing at. 2 |east one
al pha- of ef idafingd ablewe,J3 bssebned a‘@Vc,aXanﬁéi’ atoasedintd opovehandcBhpukYt aren of
either _3 of 11, 12, 13, 14 or 15,

opt 1 onaf 'y ot A6ERE TBr ks aRtaL gy S sgf s defirtd anide.

1 27. The complex of claim 26, wherein the complex is characterized by the formula:

3 wherein each of R%, R3, R* R°, R®, R, R®and R’ is independently selected from the

4 group consisting of hydride, halide, and optionally substituted alkyl, alkenyl, alkynyl,

5  heteroalkyl, heteroalkenyl, heteroalkynyl, aryl, heteroaryl, alkoxyl, aryloxyl, silyl, boryl,

6  phosphino, amino, alkylthio, arylthio, thioxy, seleno, nitro, and combinations thereof;
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4 nore activators, under polynerization conditions sufficient to forma
stereoregular 5 polyner. 1 39. The process of claim38, wherein said

al pha- ol evpresiosi2pz opyl ene. 1 40. The*process of clai m 39, peirarses/mssai d
process is a solution process operated 2 under polynerization conditions
that conprise a tenperature of at least 100C. 1 41. The process of claim
40, wher ei andshil, ¥ st enden’ &g ab definedl apoee. contai ns 2 substantially no
regioerrors detectible by standard carbon 13 nucl ear nagnetic resonance 3

SRt S0Pt Bl S5 LR T 1428, 8 SR RARSERAERER v,

and proyi dipOR® i¢RMRALJdeAN Or catalyst to said 3 reactor, wherein said
conposition or catalyst 1s defined as in either of clains 1, 2, 3, 4, 5, 4
6, 7, 10, 11, 12, 13, 14 or 15 and subjecting,said reactor contents to

pol yreri zat i @3- Eheenraplex ehglaim 28 3wherpia Ryrand s s asrindepsnasrdly salesteditioz ai d at

| east one oner 1s. i I ted conpound. 1 44.
The pr o‘iges{sﬂ% ok Cé’ln?rﬁsﬁgg, 81\’/\%%40@911 g%sg%do%ggsndﬁgge?zg& fil east 2 nononers that
are 2 ethylene and an a-olefin. 1 45. The process of claim 44 wherein the

a-olefin is 36l Thé esmplenor titer of olapns 22,28n24, 215, 2@ 0027 pwhereincthe Yridgibgt i t ut ed
styrene. 127 WD 03/091262 PCT/ US03/ 12811 ﬁl 46. ]&e pr.oce %f claim42,
wher ei 2 sa@@uad is sglsgte gamncongistingiof qrgienglhesups ‘?“6"“6%?18 fdi sting of
ethyl eng, ival &t AbefJHRorR BohiGAMY mAtd @Ryt hereof . 1 47. A

pol yrrepl?zat Cgﬁydrrg%l%%lflcj%‘%or process enpl o;{ﬁgn}g%a cicc)b?pl ex defined by either of

2 clains 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26 or 27. 1 48. The
processl of cl3di Fhadomplex of plagnida, wherkiods is sslesteddrany dregrou consissiag of

conprises 2.an.ion formng activat and... opti.onal | ro 3 reagent.
1 49. A prodiguelly S&S{Iﬁ-&%@%@# :i‘lgglt glkfzpyg,fdﬂgﬂ% I}BEC (-)%ig%lf ﬁ?{‘%"%@‘%ﬁ% si ng

pol ymerj zi RgtehlkyRyll 888 heR6ardl #ldasilgl.efin in the presence of a catalyst
formed fromthe conplex of either o 3 clainms 16, 17, 18, 19, 20, 21, 22,

23, 24, 25, 26 or 27, under polxnerizatipn conditions to 4 suffjcient to
form a bt er ec?edhe eomplsx pislaim 3Upyherene prispissentest bithgigenergl fofRElei n sai d
al pha o} ef Ly io LhoDWEns: edny is HRelalfifit dlcofilal AR HhAS 1 e Sah¢
process i s Sol“Ut’'f on proceéss operate under polynerization conditions
t hat conpr bséifferdnefrper tht viterofuchthdt eacti R* @0Elected from the group consisting of

4  hydride and optionally substituted hydrocarbyl, and optionally two or more R* groups

5  may be joined into a ring structure having from 3 to 50 atoms in the ring structure not

6 counting hydrogen atoms; z’ is an integer from 1 to 10; and z” is 0, 1 or 2.

1 33. The metal complex either of claims 22, 23, 24, 25, 26, or 27, wherein each L is
2 independently selected from the group consisting of halide, alkyl, substituted alkyl,

3 cycloalkyl, substituted cycloalkyl, heteroalkyl, substituted heteroalkyl heterocycloalkyl,
4  substituted heterocycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl,

5  alkoxy, aryloxy, boryl, silyl, amino, amine, hydrido, allyl, diene, phosphino, phosphine,
6 carboxylates, alkylthio, arylthio, thioxy, 1,3-dionates, oxalates, carbonates, nitrates,

7  sulphates, and combinations thereof.

1 34. The complex of either of claims 22, 23, 24, 25, 26, or 27, wherein at least one L

2 is an anion.

1 35. The complex of either of claims 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26 or 27
2 wherein M is selected from the group consisting of Hf, Zr and Ti.
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1 52. The process of claimb51, wherein said stereoregul ar polyner contains
no 2 regioerrors detectible by carbon 13 nucl ear nmagneti c resonance

spect r oscwpy3/041268. A process for polynerizing a nonomer, PCOMSN3/s3sny
providing a reactor with at 2 |east one polynerizable nonomer and
providing a catalyst to said reactor, wherein said 3 catalyst is nmade from
a conplex defined as in either of clains 16, 17, 18, 19, 20, 21, 22, 4 23,
24, 25,126 o r3 627)& rolyinenidsition téastjors af proresacmploytngia eernposiidorpddfingd by 2éhéron

condi tions. .0 i 3 erein said at | east one nononer
is an of ef PFC 18?30]1 éf LPS g’gfﬁrgnbatcl L:{pégoé ound. 1 55. The process of
cl aim 54, V\/nerel n sai d process uses at |east 2 nononers that are 2

et hyl eng and 33nThe ploRbdsdf chihB6 Wideinlkaides teadfonelagtivatsois pReest coniphies
a-olefinis selected fromthe group_ 2 consr sting of optionally substituted

styrene? 12siopdousinggsticrorng opspmeivgngroun 15 ®agse process of cl ai m 53,
wherein said at | east nononer is sel ect ed fromthe 2 group consisting of

et hyl en pr oRy ggj SobBEER BindAt Met hod
of synt esi zr%% Ajﬁﬁces%ﬁ% tﬂéﬁpl eﬂ?at or mn hg%tl ﬁe}gs? Pwo1 gﬁ)P]fy;e‘r en%ng;a
optionatl yleastbmb |atphaeﬂiefarmlthe)prebmceroﬁarcylhlyst fmgsed tronbthaicogpesiich of gigsr i nt o
at | east t bI ocks %d subse uently

bri dgi nb s ﬂalrrm]r 891%9‘{ IS 6{: sltoe ]cg { ell‘il 106‘? g p@ﬁ%’%&?o PRET - A

met hod p gﬁﬂaz%amp&emtr&l Qfﬂ&éiﬁt@f rin@Psbred raffferent
2 opti onal 1%% subst'i%%ﬂutgrelger 2 or het er oar yIS Sr| ngs, bror dgi ngresr\grglél rings

t oget hes V\pd)lbnmr3 bridgi ng group and subsequently substituting each of
said rings with at | east one 4 opti onal |y substuti tued aryl or heteroaryl
to forma brigg bi - ar or roar 5 0. A catalyst
conpri st ng t H: @g?‘rﬁ%’gﬁsioﬁlﬁla& 0 Fr&fl %lﬁl}a' lgl aPrr%’y%ngz 3, 4, 5 26,
7, 8, 9, 10; 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24 25, 26
or 27. 129  40. The process of claim 39, wherein said process is a solution process operated

2 under polymerization conditions that comprise a temperature of at least 100°C.

1 41. The process of claim 40, wherein said stereoregular polymer contains
2 substantially no regioerrors detectible by standard carbon 13 nuclear magnetic resonance

3 spectroscopy.

1 42. A process for polymerizing at least one monomer, comprising providing a reactor
2 with at least one polymerizable monomer and providing a composition or catalyst to said
3 reactor, wherein said composition or catalyst is defined as in either of claims 1, 2, 3, 4, 5,
4 6,7,10,11,12,13, 14 or 15 and subjecting said reactor contents to polymerization

5  conditions.

1 43. The process of claim 42 wherein said at least one monomer is an olefin, diolefin

2 or unsaturated compound.

1 44. The process of claim 43, wherein said process uses at least 2 monomers that are

2 ethylene and an o-olefin.

1 45. The process of claim 44 wherein the o-olefin is selected from the group

2 consisting of optionally substituted styrene.
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46. The process of claim 42, wherein said at least monomer is selected from the

group consisting of ethylene, propylene, 1,2 diolefins and combinations thereof.

47. A polymerization reaction or process employing a complex defined by either of
claims 16, 17, 18, 19, 20, 21, 22, 23, 24, 25,26 or 27.

48. The process of claim 47 wherein said at least one activator is present comprises

an ion forming activator and, optionally, a group 13 reagent.

49. A process for the polymerization of an alpha-olefin, comprising polymerizing at
least one alpha-olefin in the presence of a catalyst formed from the complex of either of
claims 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26 or 27, under polymerization conditions to

sufficient to form a stereoregular polymer.
50. The process of claim 49, wherein said alpha olefin is propylene.

51. The process of claim 50, wherein said process is a solution process operated

under polymerization conditions that comprise a temperature of at least 100°C.

52. The process of claim 51, wherein said stereoregular polymer contains no

regioerrors detectible by carbon 13 nuclear magnetic resonance spectroscopy.

53. A process for polymerizing a monomer, comprising providing a reactor with at
least one polymerizable monomer and providing a catalyst to said reactor, wherein said
catalyst is made from a complex defined as in either of claims 16, 17, 18, 19, 20, 21, 22,

23,24, 25,26 or 27 and subjecting said reactor contents to polymerization conditions.

54. The process of claim 53 wherein said at least one monomer is an olefin, diolefin

or unsaturated compound.

55. The process of claim 54, wherein said process uses at least 2 monomers that are

ethylene and an a-olefin.

56. The process of claim 55 wherein the o-olefin is selected from the group

consisting of optionally substituted styrene.
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57. The process of claim 53, wherein said at least monomer is selected from the

group consisting of ethylene, propylene, 1,2-diolefins and combinations thereof.

58. A method of synthesizing a ligand comprising forming at least two different
optionally substituted aryl or heteroaryl rings, combining said rings into at least two bi-
aryl or heteroaryl building blocks and subsequently bridging said building blocks
together with a bridging group.

59. A method of synthesizing a ligand comprising forming at least two different
optionally substituted aryl or heteroaryl rings, bridging said rings together with a
bridging group, and subsequently substituting each of said rings with at least one
optionally substutitued aryl or heteroaryl to form a bridged bi- aryl or heteroaryl

structure.

60. A catalyst comprising the composition or complex of any of claims 1, 2, 3, 4, 5,
6,7,8,9,10,11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26 or 27.
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