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catalysts that are useful in polymerizing cycloolefin monomers. These
31,083 ures include catalysts encompassing a Group 10 metal cation and
a Weakly coordlnatlng anion. However such prior art catalysts have

T their use. For example, they must be prepared in situ
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catalysts encompassing a Group 10 metal cation and a weakly
coordinating anion. However such prior art catalysts have certain
limitations in their use. For example, they must be prepared in situ and
thus immediately act to initiate the polymerization of the monomers

~ present. , _ ‘

[o004] U.S. Patent 6,455,650, entitled “Catalyst and Method for
Polymerizing Cycloolefins,” is one such prior art reference that discloses
catalysts that having a Group 10 metal cation and a weakly coordinating
anion. The Group 10 metal cation of the ‘650 patent contains an anionic
hydrocarbyi ligand that is pivota'] in the formation of the active catalyst
species. The ‘650 patent discloses various methods of preparing a
catalyst having a Group 10 metal complex containing an anionic
hydrocarbyl ligand in the presence of a cycloolefin monomér(s) such that
the resﬁlﬁng catalytic mixture immediately iﬁitiates polym-erfzationof the
monomer(s). Thus catalysts prepared in the manner of the ‘650 patent

can not be isolated. In addition, the ‘650 patent does not suggest that any



WO 2005/042147 J'CT/'JS20(11/0379f,.i catalyst disclosed therein may be

isolated and used thereafter in polymerizing cycloolefin monomers. [0005]
WOLHIEF8Heh Japanese Patent Application (Kokai) JP 1996-3253 29/ HiS004/637983

discloses catalysts obtained from mixing a Group 10 transition metal

compound with an optional triarylphosphine ligand and a co-catalyst.

Exemplary co-catalysts include an alkylaluminum, a Lewis acid or a

- compou fo ionic complex which jncludes a weakly coordinating
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olymerization of the monomer(s). Also like the '650 patent, the Kokal
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encompasses two parts that are kept separate from one another, where
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parameters to insure that the catalyst components are present in the
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applications such as forming a chip encapsulant. Typically, a mass
polymerization system encompasses two parts that are kept separate from
one another, where each of the two parts has a catalyst precursor and one
or moré monomers. When polymerization is desired, the two separéte
parts are mixed to form the active catalyst species and to immediately
begin polymerization of the monomer(s) that are present. Since, uniike a
solution polymerization, excess catalyst and/or catalyst precursors cannot
be removed, mass polymerization systems require strict formulation
parameters to insure that the catalyst components are present in the
proper stoichiometric amounts for the efficient polymerization reactions
and ideal physical property brofiles of the polymer product. In addition,
since once the two part system is mixed, the mixture is often dispensed in
portions, the “working life” of the mixture for such dispensing can become

prablematic since the monomer(s) begin(s) to polymerize as soon as the



2 N/i1 2005/4142147 PCT/U]S2004/03798 catalyst components are
whroright2tddether and thus will become too viscous for dispengirgy 00737983
Therefore, for mass polymerizations, it would be advantageous to have a
one part, latent system (i.e., a single component proinitiator in monomer
that can be triggered to start substantial polymerization). Such a system
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viYSle$Jn dhgtdhsinyould be easier to use since there would be not
requirement for mixing multiple parts and could be dispensed over a
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be determined before its use to initiate a polymerization thereb reducm
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of the invention are described below with reference to the following
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initiator to insure the desired conversion ratio. Further, such a single
component proinitiator would allow for better control of metered
polymerizations. Accordingly, there is a need for such a single component

latent proinitiator system to at least provide the advantages mentioned

above.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008]) Embodiments of the invention are described below with reference to
the following accompanying drawings.

[0009] Fig. 1is a representation of suggested mechanisms and reactions
for the formation of various triisopropylphosphine derivatives (A, B, C, D,
E, F, G, H, and 1) in accordance with the present invention; and

[0010] Figs. 2, 3 and 4 are structural representation of palladium
complexes in accordance with embodiments in accordance with the

present invention.



present invention. 3 %'O 2005/04214- 7 PAT/ ~1S21104 /0374' DETAILED
DESCRIPTION [0011] Exemplary embodiments in accordance with the

wo 2opresentimvention will be described. Such embodiments are direater)tass/0279832
latent, single component, cationic palladium proinitiators useful for
solution and/or mass polymerization of cycloolefins. Various
modifications, adaptations or variations of such exemplary embodiments

DETQ‘?E%BME&EE% *F@&ome apparent to those skilled in the art as such
: —tnderstood that all such modifications,
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will HRVEpLon, aadinieah whieh iness: Jeasings. have aduansedig 2 are
considered to be within the scope and spirit athe present invention.
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~ cation and a weakly coordinated anjon. Advantageously, it is found that
variadipds gttt eR S B M NRMITARUTAR T ALRG IR dIRARA TIRYmesRMe
app as@tulss tledert pkilfoiizatiendrtitaicisdarpyctvodidissnonbwii be
unaS2TRSsitons: Iy some embadiments, sush lagiedpaladum metalgrieny
with weakly coordinated anions are useful for forming laten -
uponpbiprier2ationdsiwitdhs suehar myeitdied. ligaddsrang nydnidd pagadium

teacHHN VSNSRI ANGUNY AHORSABEF I RPAMETPREBESE

in accordance with the present invention encompass the preparation of
and il drifnthydRERSETE HVREKRS materials via the thermolysis of such

[0012] ”'gégﬁﬂ ealpdiuAdetaheAHPESARY A Wl &986%‘5%}?9 BRLRNAS &7 §Y§"

as by appropriate alternate reaction sequences, as will be discusse
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with weaklhy coordinated anions are useful for forming latent '
polymerization initiators, such as metalated ligands and hydride palladium
cations witlh weakly coordinating anions. Other exemplary embadiments
in accordamce with the present invention encompass the preparation of
palladium hydride and deuteride materials via the thermolysis of such
ligated palladium metal cations and a weaklyl coordinated anions as well
as by appropriate alternate reaction sequences, as will be discussed
hereinafter. Some exemplary embodiments of the present invention
encompass palladium cations having a Group 15 neutral electron donor
ligand, an anionic ligand, and a weakly coordinated anion. Other
exemplary embodiments encompass palladium metal cations having a
Group 15 rieutral electron donor ligand, an anionic ligand, a Lewis base
ligand, and a weakly coordinated anion. Still other exemplary
embodimerits encompass palladium metal cations having an anionic
ligand, a chhelated coordinated phosphine ligand, a Lewis base ligand, and

a weakly coordinated anion.



ligand, a chelated coordinated phosphine iigand, a Lewis base ligand, and
a weakly coordinated anion. 4 WO 24)(H/042147 PCI /USZOQ,%Q%]@,%{'?WJWh
wo f%“i%‘r%dvantageously, the active initiator species of proinitiators in
accordance with the present invention are not derived from a neutral
hydrocarbyl species. Nor are they derived from any arganometallic
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Typically activation is accomplished by subjecting the proinitiator(s) to an
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001 5) Proinitiators in accordance with the invention contain a palladium
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sourcegmutneda, anat lardelowimited to, heat (an increase to or above a

specific temperature), actinic radiation (but also including x-ray and
electron beam radiation) and sonic energy. Furthermore, since the
palladium hydride initiatar is, as will be described below, a product of a
ligand derived metallation step and subsequent elimination sequences, it
is passible to extend further initiator latency by utilizing the deuterium

" kinetic isotope effects to slow down reactivity even further. Additionally,

latent intermediates of the proinitiator(s) can be isolated and employed as

equivalent species,

Initiator Svstem Description

[0015]1 Proinitiators in accordance with the invention contain a pailadium
metal cation and a weakly coordinating anion as represented by

Formuiae la and Ib, below:
[(E(R)3)aPAd{Q}LB)p] [WCA]: (ia)
(E(R):)(E(R)R*PA(LB)HIWCA], (Ib)
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I(E,(R)3),Pd'Q)'LB) k A)b]p[WCA|, (la) [(E(R)3)(E(R)2R*)Pd(LB)1p[WCAjr

wo <2 ¥¥Q-2005/042147 PCT/U52004/037983 [0016] In Formuka-tayu (R )03 7983
represents a Group 15 neutral electron donor ligand where E is selected
from a Group 15 element of the Periodic Table of the Elements, and R

independently represents hydrogen (or one of its isotopes), or an anionic
ed from a

r Qx%gc rbyl containin lety; Q is an anionic ligand sglgcﬁ oma

108 oy RGO BoRyate, SRETEILRALURRG GRoP & E 5 LAWEno"
bigysen INIGAe re i és evatis at b &ldynce dEdonagi nidh sl eme @t kepiiesdtisiadic Table
iBf%‘*t%‘?er Blemanty: #n f?ﬁ@é@%ﬁo%’hﬂg‘%%?{ %Qnils Rg&op’é‘ﬁrﬁo%%ug’f jts

ofa+bis 1,2, or3;and pandr are intege sTt 1at represent’ the number o
RTESBIRS Al lRLFR ORI H P 78 hvé Slay iedoittharmgharb s 78 BKeni®

halanesstieclestioniccbargeandhe sHidiHre Sy RREMma laithl ddarboxylate
exem§r_lar embodiment, pa%r re independently selected from an

AEeYEr SEL ISR B0 IBRESEIRS) T LY RePFOI B IsLA o
& repdels GR)2Rihdlse grapséderits er 3pbprépresetitd aledtriay doodOliggnst 2,
whe R R, are defined as,above and whe * ] ionj

e T P e 2B o Bomat i B S RichErsTasrIEpresen

Hyerogerbeithfrigmsctie pwllpdiusermetion aneétbmplaakbnsieedriraing
angdnAEpddRBANEHUIM RELCHB L IBBIRRURRIObA Kl £r (AR 6F

stated herein, a weakly coordinating anion (WCA) is defined as a
GBI argl AUSKARPARTS P ERRHI P HRAR RGN BLRPREGEMIY

ebasges @ncwhiehinssdy aferldy€agrdinated to a palladium cation of the
[0 (ﬁqresent invention and is sufficiently labile to be displaced by solvent,
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cation to form a neutral product. The WCA anion js relatively inert in that
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from an integer of 1 and 2.

[0018] As stated herein, a weakly coordinating anion {(WCA) is defined as a
generally large and bulky anion capable of delocalization of its negative
charge, and which is only weakly coordinated to a palladium cation of the
present invention and is suﬁfciently labile to be dispiaced by solvent,
monomer or neutral Lewis base. More specifically, the WCA functions as
a stabilizing anion to the palladium cation but does not transfer o the
cation to form a neutral product. The WCA anion is relatively inert in that

it is non-oxidizing, non-reducing, and non-nucleophilic.

[0019] The importance of WCA charge delocalization depends, to some
extent, on the nature of the transition metal comprising the cationic active
species. It is advantageous that the WCA éither dbes not coordinate {o
the transition metal cation, or is one which is only weakly coordinated to
such cation. Further, it is advantageous that the WCA not transfer an
anionic substituent or fragment to the cation so as to cause it to form a

neutral metal compound and a neutral by-product from such transfer.



the transition metal cation, or is one which is only weakly coordinated to
such cation. Further, it is advantageous that the WCA not transfer an
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neutral metal compound and a neutral by-product from such transfer. 6

WO 2005/042147 PCT/tJS2004/037983 Therefore, useful WCAS in

accordance with embodiments of this invention are those which are
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unsaturated monomer during polymerization. Additionally, such useful
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[0020] As stated herein, a neutral electron donor is defined as any ligand
which when removed from the palladium metal center in its closed shell

electron configuration, has a neutral charge.

[0021] As stated herein, an anionic hydrocarbyl moiety is defined as any
hydrocarbyl group which when removed from ‘E’ (see Formulae la) in its

closed shell electron configuration, has a negative charge.

[0022] As stated herein, a Lewis base is defined as “a basic substance
furnishing a pair of electrons for a chemical bond,” hence it is a donor of
electron density.

[0023] In embodiments in accordance with the present invention, E is
selected from a Group 15 element of the Periodic Table of the Ele\ments
and, more specifically, phosphorus (P), arsenic (As), ahtimony (Sb), and

bismuth (Bi). In Formula la, the anionic hydrocarbyl containing moiety R is



electron density. [0023] In embodiments in accordance with the present

invention, E is selected from a Group 15 element of the Periodic Table of
wothenEigments and, more specifically, phosphorus (P), arseni®(As)S2004/037983

antimony (Sb), and bismuth (Bi). In Formula la, the anionic hydrocarbyl

containing moiety R is 7 WO 200/042147 PCIMS2004/037983

independently selected from, but not limited to, H, linear and branched
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include, but are not limited to, phenyl, naphthyl, and benzyl.

[0025] In some exemplary embodiments of the present invention, the _
Group 15 neutral electron donor ligand is a phosphine ligand.
Advantageous exemplary phosphine ligands include
di-t-butylcyclohexylphosphine, dIcycIohexyI-t—butyIphosphiﬁe,
tricyclohexylphosphine, tricyclopentylphosphine,
dicyclohexyladamantylphosphine, cycIohexyIdiadamantylphospfhine,
triisopropylphosphine, di-tert-butylisopropyiphosphine, and: B
diisopropyl-tert-butyiphosphine. |

[0026] Exemplary phosphine ligands also include tri-n-propylphosphine,
tri-t-butylphosphine, di-n-butyladamantyiphosphine, dinorbornylphosphine
t-butyldiphenylphosphine, isopropyldiphenyiphosphine,
dicyclohexylphenylphosphine, di-tert-butylisopropylphosphine,



dilsopropyl -tert-butylphosphine. [00261 Exemplary phosphine ligands also

wol g Juds,trjzn-propylphosphine, tri-t-butylphosphine, PCT/US2004/037983
i-n-butyladamantylphosphine, dinorbornylphosphine ' ) B

t-butyldiphenylphosphine, isopropyidiphenylphosphine,

dicyclohexylphenyiphosphine, di-tert-butyllsopropylphosphine, 8 WO

2(105/042147 PCT/US2004/037983 diisopropyl-tart-butylphosphine,
direitanityinEopehtypReBpHIGe ditertdieyiBRERFNYOPRASA P pHIfe.

dE@Q&B]n@W;ﬁHB@éhﬁylmlﬁ,ﬁ)éphosphine ligands include, but are not
limited to, trimethylphosphine, triethylphosphine, tri-i-propylphosphine,
[002 - ibispiife soeseRldtppasrpiAdiGANdsUPHESpRiea e not

hFHﬁ)é@'QBFQﬁHBhﬁﬂB‘R@@pﬁfi@é{ClﬁW@?ﬂMﬂﬂ% tevglebppiyiigshhine,

isopr i(isopro hos hine, ¢ clopent Idi(cyclo
R RGBT Re SRR RN S SR @ ine.
tmnybmwhwpbbmlrienamdsvbwbhqwhmhﬂmnmdpbmmmphosphine,

isg%lr}lé)%(a ﬁﬁgﬁg@ﬁﬁ%@ﬁh@ quyladamantylphosphlne

V|ny iphenylphosphine,
cyglaorai§Tisheralsrsopiing ) pdiosblitgi®henylphosphine,

I gnaRBRMMRBOSRINBRY NI PYiRRe BIGSPRINSs phi
C(gjlp hen pr?)pﬁ ﬁosp |n}é’BethdelphenylphospkEne tpn lnmgctylphosphlne

tiRBeR Y;BH'B%BH'EHBG i :Toat HDPQ%HB%pHSB%VElkE’[@%‘X%W&nd
dErﬂ-lﬁumympmpahﬂngyxarﬁephﬂxymmhwmﬁwnEQQ28] In other

v ary e rﬂ%gd'mggt% o&t |§1v lon, th Grop‘p 15 neutral electron
(Ynoﬁr\ AN ISR Arse Yge?n X(? gxemplary arsine ligands
dlﬂtmlmmwmﬁe dﬂﬂdwlpbenwmgmme

dRTERHAPREEN B%earﬁwae &'ﬁM&@BMb%'BH%%ﬁiHS triisopropylarsine,

di-tert- butyllsopropéarsme and dilsopro yI tert-butylarsine. [0029]

SHnad aﬁdg'aiéﬁ?ﬁéﬂa@s&i {RotERGRAYRRARYRIRSNe,

4@nhexwyjliagaibaphaisingofl-8:hiigedaenanty asieari-i-propyl-1,3-
dlnorgor Xlar%lne tb €r%/Idllfi)henylarsme isopropyldiphenylarsine,

RETCORERYD a%?ara 8fd dicyclohexylneopentylarsine. [0030] And

[0028]| otRestRseRpéany RISINSHiBGARsaRElusfethUnaehaehlintitedGroup 15

" neutral electron donor ligand is an arsine ligand. Advantageous
exemplary arsine ligands include tricyclohexylarsine, tricyclopentylarsine,
di-t-butylcyclohexylarsine, dicyclohexyl-t-butylarsine, triisopropylarsine,
di-tert-butylisopropylarsine, and diisopropyl-tert-butylarsine.

[0029] Exemplary arsine ligands also include dicyclohexyladamantylarsine,
cyclohexyldiadamantylarsine, di-n-butyladamantylarsine, dinorbornylarsine
t-butyldiphenylarsine, isopropyldiphenylarsine, dicyclohexylphenylarsine,
and dicyclohexylneopentylarsine.

- [0030] And still other exemplary arsine ligands include, but are not limited

to, trimethylarsine, triethylarsine, tri-n-propylarsine, tri-isopropylarsine,

tri-n-butylarsine, tri-sec-butylarsine, tri-i-butylarsine, tri-t-butylarsine,
tricyclopropylarsine, tricyclobutylarsine, tricycloheptylarsine,
isopropylenyldi(isopropyl)arsine, cyclopentenyldi(cyclopropenyl)arsine,
cyclohexenyldi(cyclohexyl)arsine, triphenylarsine, trinaphthylarsine,

tribenzylarsine, benzyldiphenylarsine, allyidiphenylarsine,



to, trimethylarsine, triethylarsine, tri-n-propylarsine, tri-isopropylarsine,
tri-n-butylarsine, tri-sec-butylarsine, tri-i-butylarsine, tri-t-butylarsine,
WQredidpylarsine, tricyclobutylarsine, tricycloheptylarsine, PCT/US2004/037983
isopropylenyldi(isopropyl)arsine, cyclopentenyldi(cyclopropenyl)arsine,
cyclohexenyldi(cyclohexyl)arsine, triphenylarsine, trinaphthylarsine,
tribenzylarsine, benzyldiphenylarsine, allyldiphenylarsine, 9 WO

2005/042147 /U 037983 vinyidiphenylarsi .
R R S R S i Syphenylarsine,
di_iﬂétmqbﬁémk;’»léﬁme,dmpﬁiéwm@pylarsine, dtisdipReppdpsiiae,

invRshharsinastrbenayiesingardiddyhdisoprepylasine, ‘
diisopropyl-tert-butylarsine, and d i-tert-butyl neope ntylarsin e. [0031] In
&irt HB’II'EQBH?BPQ%’%’%O@W%P&QW‘T%‘r&%ﬁ{ﬂfﬁﬁﬁe%‘ﬂ)up 15 neutral
deairoh dyiardigany lisraistbine ligand. Advantageous exemplary stibine
igands include tricyclohexP/istibine, di-t-butylcyclohexylstibine,

|
(08 albndR, L RS SIS i SSRGS, o8 feBERS g SiTeuP 15
aradigtisepropyhtduivistigimed Q03 2kibramiandstintheiligagds asexemplary

' de . dicyclohexylad Istibine,.cyclohexyldi Istibir;
S e R e DR bR ine,
Sl g hthyhiisiidnaditsitdohexglpsidpiyistididebatydisopropylstibine,

giﬁgc&gggygﬁpgmm,%[oow] And still other exemplary stibine |
ligands includé, but are not limited to, trimethylstibine, triethylstibine,

[0032] prépygistipary, stibiBupigaistiaieo nehsbatylstibine,
= e AR SR -
isbpty|siiemnadriseppepyysitine ybivitsingdpaprrpykinnenyistbine,

- enelRhererylisieNoletsmd)sihineidypiarrWpiUBp cHitprRAMMAStibIne,
tribenzylstibine, benzyldiphenylstibine, di-n-butyladamantylstibine,

[0QFDrbarndistilinéren sxyrmpMany stibine, | digamgadngidgBinkut are not limited
ENteReeRyssie REiRhsHidiehe YL BInAs iU riPlRepYlAKbine,
A S R M S R S S A
tri-t-butylstibine, tricyclopropylstibine, tricyclobutylstibine,
tricyclopentylstibine, tricycloheptylstibine, .
isopropylenyldi(isopropyl)stibine, cyclopentenyldi(cyclopropenyl)stibine,
cyclohexenyldi(cyclohexyl)stibine, triphenylstibine, trinaphthylstibine,
tribenzylstibine, benzyldiphenylstibine, di-n-butyladamantylstibine,
dinorbornylstibine f-butyldiphenylstibine, aliyldiphenyistibine,
vinyldiphenylstibine, cyclohexyldiphenylstibine, di-t-butylphenyistibine,
diethylphenylstibine, dimethylphenylstibine, diphenylpropylstibine,
ethyldiphenylstibine, tri-n-octylstibine, tribenzyistibine, di-tert-
butylisopropylstibine, diisopropyl-tert-butylstibine, and
di-tert-butylneopentylstibine.

[0034] In yet other exemplary embodiment of the invention, the Group 15
neutralvelectron donor ligand is a bismuthine ligand. Advantageous
exemplary bismuthine ligands include tricyclohexylbismuthine and

diisopropyl-teri-butylbismuthine.

10



ethyldiphenylstibine, tri-n-octylstibine, tribenzylstibine, di-tert-
butylisopropylstibine, diisopropyl-tert-butylstibine, and d 27004
WO 240540 ineopentylstibine. [0034] In yet other exemplary erhbdditant 0f o>
the invention, the Group 15 neutral electron donor ligand is a bismuthine
ligand. Advantageous exemplary bismuthine ligands include
tricyclohexylbismuthine and diisopropyl-tert-butylbis muthine. 10 WO
[oazspsmawmwuﬁmmmg%[a&%]rﬁmmary bismuthine ligands

I de t h

BB R A e B B adamaptyibismuthine,
@mmﬁymmummémtﬁbtpmuﬁmmhrmlbigmﬂﬁymiﬁrmﬁyls@ﬁmwme,
iy e RBRDMRITOHIHBE ditieshRY I RRRL AR RiSMRHRINe,

diisopropyl-tert- butylblsmuthlne and d icy cIohexyIneoge ntylbismuthine.

R0 AU SAPERRU RS K1 IR RRFARY TiFA B IO RU R Sre ot

dimyieid fiendyimesbylitgimiati.thaibylbismuth, tri-n-propylbismuth,
tri-i-propyl bismuth, tri-n-butylbismuth, tri-sec-butylbismuth,

(003610 AMsisiil AENET EXER %MLHWGPWH‘LWI'@)%PHH&WH%%LRW are not

m‘myéwhexwlrh@mylbismuth treyieloprapuitpistALib iipymehuyihjsmuth,
tricyclo b|s uth, tri Anex smuth trc he t ismuth,

<o r(r)%%}' dltlm éropy%é? mutﬁu?:b(:lopen?e'tr)}yf& cyc%gpgbpenyl)blsmuth
tc&bibhb&lbrw@’(by@tbh@mwmgmwﬂm tdphbnjtsmatteXyibigphtiyibismuth,

JIRRIBHOSILEOBIEH RN GRYRI |%H%lﬁheﬁ¥£%%?d‘5ﬂ‘f9¥6*?§mﬂ1

cyclohexyldiadamantylbismuth, di-n-butyladamantylbismuth,

tHn%B%HﬁQFMIQiﬁmchbtﬁtﬁfﬁMméﬁﬁl}tW én&ﬂm?é?ﬁwﬁ?,fﬁmwh
Mtsw}dwénylanmhosygmhmwﬂﬁhWﬁf@ﬁﬁdﬂ@ﬁb%@b@nylmmmh

SenEn et donlen e o

tdlb,yoluhb)eyiphtdanyibmlmmHebyelbzg,dblsmuﬂiwcloh exyladamantylbismuth,
%éﬂﬁ&g}}ékﬁ%ﬁ% @?&%lﬁmd'bﬁomwr;%ﬁrnum%@mmh

tert-butylneopentytbismuth, dicyclohexylneopentylbismuth,
ctnsqnbﬁrétwsaglpﬁéihmgﬁﬁmhemépzsméihymwéﬁw)‘nﬁgwmﬁméﬂand |
VIS HibHIORBRM NN SBYIREXy I diphenylbismuth, di-t-butylphenylbismuth,

diethylphenyibismuth, dimethylphenyibismuth, diphenylpropylbismuth,
ethyldiphenylbismuth, tri-n-octylbismuth, i-propyldiphenylbismuth,
dicyclohexylphenylbismuth, tribenzylbismuth, di-tert-butylisopropylbismuth,
diisopropyl-tert-butylbismuth, di-tert-butylneopentyitbismuth,
dicyclohexylneopentylbismuth, tris(4-methoxyphenyl)bismuth,
tris(2-methylphenyl)bismuthine, and tris(4-fluorophenyl)bismuthine.
[0037] Exemplary Group 15 neutral electron donor ligands (ERg) have
been provided for embodiments in accordance with the present invention.
However, the scope of the invention is not limited to such exemplary
ligands as it is believed that the selection of advantageous ER3; moieties
can be understood in terms of three general concepts. These concepts
are (1) ERgs steric factors, (2) ER3 electronic factors, and (3) hydrocarby!

metalation ability.

[0038] The common Tolman steric model deals with cone angle, 8, (a
measure of the degree of the filling of a coordination sphere by a ligand)
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[0037] Exemplary Group 15 neutral electron donor ligands (ER3) have

been provided for embodiments in accordance with the present invention.
wo Btpweyatsthe scope of the invention is not limited to such exeEpEFg004/037983

ligands as it is believed that the selection of advantageous ER3 moieties

can be understood in terms of three general concepts. These concepts

are (1) ER3 steric factors, (2) ER3 electronic factors, and (3) hydrocarbyl

haVeialabaRalis:A003RIthBe-sApuEN GO SERTiCiMedRlideRls YHH the

cone angle, e, (a ,measure of the degree of the filling of a coordination
Topnare s kiRt R SRSy 0a 2Ne e RIS RI83 Yy AS:
Shalkwes Bipisadly iffietitangapiotQPetickBi. thidsdattiptidabavitiyeofTolman
model ifically co le, applies e ly we a
o R e s W R R R b el sy
thatdorcembediiteFsrefiibe Rresenioin entiomhéhshnreangigtvaiue for the

ERTERSIMERL fLhe Piess N ABva ARt LoD AN YNSRI V3

should begreater than 140 and that for some embaodiments having a

cRMEG TR 4801 A I8 advantagesus ang for s SMIRRHImeRLs
a ecppaagiglenl 10w migheris paticularly advantageous, Itistieviddbe

oted that a cone angle of, 180" .indicates that the Jigand effectivel
R R e L sl e hand Seeival,
prodemitelo[9086] Retereifpliow toeetecirdinstiaoton)érés deliwy stetaat the
o fzenic donating ability (sigma (a) and pi (Tr)) of the ligand relates to

the reactivity of proinitiators in accordance with Formulae la and |b. A
[003A)miaTefriddferantianslytitanicdtidsscdnih b elsad:tb thatdbs wiectronic
UG £ I t i : I rQn -
L T o oie e PR L Iyt
of pERipiaIEIFURERATdRBESOWER FGTRY R IEcaRs HlecfidreatRedéntial

diffRERLEN WD), MethvaidiigliNaastre.al dbesyamaienating-ability of
AR )RS IR e SRR A B ARSI AU e
vadnteiftheheojegateesridadin g R:iheze)dERatiiémicdbcoipiealculation
methods such as molecular electrostatic potential minimum (V(min), @
guantitative measure of the sigma-donating ability of E), calorimetric
measurements of binding affinity, for example Ni(CQ); + PR3
—Ni(CO)3(PR3), and standard reduction potential as well as the enthalpy
change corresponding to the electrochemical couple
n-Cp(CO)(PR:)(COMe)Fe*/n-Cp(CO)(PR3)(COMe)Fe’. By means of
example, for embodiments of the present invention where E = P, by
employing the Tolman electronic parameter (X) as a metric, we believe it is
useful to employ an ER3 moiety whose the veo symmetric (A4) stretching
band frequency of the nickel complex LNi(CO); is lower than 2068 cm™,
and advantageous when the value is in the range of 2060 to 2055 cm™,
and, most advantageous, when lower than 2055 cm™. It is believed that
the other analytical methods are related either directly or proportionally to
the Tolman electronic parameter and thus, may be employed in generating
proinitiators and initiators, in accordance with the present invention, thave

have a desired level of activity.

12



r-Cp(CO)(PR3)(COMe)Fe+Irl-Cp(CO)(PR3)(COMe)Feo. By means of

wo 8¥aJRigfor embodiments of the present invention where E B, BY, 144 /037083
employing the Tolman electronic parameter Q) as a metric, we believe it'is

useful to employ an ER3 moiety whose the vco symmetric (A,) stretching
band frequency of the nickel complex LNi(CO)3 is lower than 2068 cm-',
and advantageous when the value is in the range of 2060 to 2056 cm-',

[0040] ﬁfigdm%h%Vé‘&@ﬂﬁ%tﬂﬁ1M‘@%Pé@i&’ﬁ{7éhé‘l%&9§§i§%‘h% diisibelieved that
me

the othe na% ical ods are related either directly or proportionally to
comPORENT ke e Ca AR e YA AT ARG IREC Al B 2B dh also
believegktteatittegt gincinit edets ayl dhinitiptors imascordadtly withalkgptesent

Jnvention, t ired level of activity. 12 WO 2005/042147
S L R e S
groupselgeffenioeiedrerdity copigrefitbwitde BRBiagiondhar ethintating
Thus, 59@HIoARMEY LdRalig AU R 66T a8 fpLraraERy aroups can

‘more readilg metalate the' palladium center than other groups, and that of
metalafjpzetimithianieaid gbsssussthE-mutedeflininadenéris-hydride

genera8dnBIRAIRR IR HREEER iTdte PYAPBEOREAIRY S6la5AD Bxshliorsuby!
rouﬁ)éfor R]§, metalation of the Pd center and subsg%guent p-hydride
gé

g tal 3
for a sRERIfIGIRYE ST JEAGIYIE a SN ARG Pl HiSPREGPYPBORRBIG, or
is moratideshtagernds thaa giieoiitleyeh eftraptivgpyhiBy wajcofiexaoele,
iSO sphine. is. n us than
adva”‘%#’%&’g%@ meg%ggﬁgggaﬁg{mgﬁ%éﬁﬁg advantageous than
[0041] liscprdamyditinesitsyipaspiden §e04ithl thenpbesememisenttmepitesntdwvith
' resent i tion, it ca vantage, ar ) e of
e ARG R St e R
R=hydmaatbiiimanaeahydiogiaviariumacihe muideoger wpldaesdippt
moIecﬂ84@i‘%68€rSQ%@U?é}i%rﬂ]@HS?‘eiri’sré%tﬂp& EHERJBOR e casmiate

] dissociation.of a deuterium requires more energy than that for a
since the, FAmBICIH G IRSARYEAN YA FPHHE UM SHIISHMERE QRRF%IRMYes
that forasedarovep asdiegthyidrodsei b éffediscasshcareheimprasseduychhe

chang%g%oré(ri](lhgw\’ﬁ/h% S ENRRE RS EI0e fg%?q?ﬁt%i%t%o ¢ eb%)n%?r%tgs%é by.
ydrogen and deuterium, respectvely. e impac of 1sotopic substitution

the ratig lo/Hecrbese thearddefatfethadiggriiation riregaastardsdotope,

hydrogen and deuterium, respectively. The impact of isotopic substitution
is to decrease the rate of the reaction for the more massive isotope,
therefore slowing the rate of formation of the palladium hydride/deuteride,
since a bond involving that isotope is involved in the rate determining step
of palladium hydride formation and the Pd-H bond in the isotopically
exchanged atom is stronger in the initiator in the transition state for
polymerization. In one proposed, non-limiting mechanism, the rate
determining step involves the dissociation of a carbon-hydrogen bond and
therefore shows a significant deuterium isotope effect and the rate of
polymerization, i.e., latency will be improved since the rate of initiation
versus propagation will also be slowed. Deuterium isotope effects usually
range from 1 (no isotope effect) to about 8, though in some cases, larger
or smaller»values have been reported. Thus, the use of such an isotopic

substitution can be useful for improving reaction latency while the basic
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therefore slowing the rate of formation of the palladium hydrideldeuteride,
since a bond involving that isotope is involved in the rate determining step
wo ebqFalieditim hydride formation and the Pd-H bond in the isot®9iEaIR2004/037983
exchanged atom is stronger in the initiator in the transition state for
polymerization. In one proposed, non-limiting mechanism, the rate
determining step involves the dissociation of a carbon-hydrogen bond and
oiReriarsRlaNG R RIgHSRANLdRMRILm RcioReRiigeandihe rateipl
polymerization; i.e., latency will bé improved since the rate of Initiation
MEARGYES IS PAGEEDIF Rl also be slowed. Deuterium isotope effects usually
10043 INL UM LAK SRR LRSI ARRN B HBUSN AANIG LRI S I HOR

or'smaller values have been reported. Thus, the use of such an isotopic
PE IR @TShSRaP BEAUYSR P IBP RIS Fiss the drdHaathlrig AR BV ISEHE 13

er‘v‘@;cB@@@éﬂﬂﬁiﬁ& @EU@M‘f@ﬁﬁﬁ@g‘éﬁ:ﬁmﬁb&ﬁl Xidf )ﬂ(@'ﬁg@’ﬂmﬁ ZOfA
C lguration n SIc reactivity of the olecuile IS pre rved. 4 S
g RS R e St TS RS TRAE . haigh
foarty devpanl @iy ésotopio s jtht prleded tathergiomy sautrifiom the

o ST A ST [ B RERD gL o a6 aPEioR o iLbond

_ breaking, thus slowing the reaction. The substitution of tritium for
infiRf¥i§en gives even larger isotope effects therefore such tritium
bsgyied luatars would Be Mora SRk 19HY d%J?B jjuted
00
L %?tiators%%%?; Representgfﬁ/e exarz]tp%esg? (;Eeiﬁt\z?gtecw E(R 3t(|nclude

peysipUissaiedianddpatial yafeagratederartiam e s Mptai Margeuterated
il o E}@?SPQHL% Q%Eg%%%i@ﬁ%ggjﬁ%gﬁﬁmﬁ? E(d4

artially deutera specl are - - , and, -
RIS B et e R NP 08 Bl e B e Fofulac
salbekaimiptary Ppiias by esdoblaiSingcspedidsrarel shaviegsnstaniures A,

p}pgé%WoEuE Wﬁ%@rﬁgéss%&:igs[)are shown as Structures A, below:

‘DD DD CHH
D H
P H ) P D )
DD 3 - HH 3
D f
P(dg-C3Hy)3 P(d4-C3H7)3

P(d11-CHa1)s P(dg-CeHqp)s P(dy-CeHin)s (A)

[0044] Referring again to Formula la, when a is 2, and E is phosphorus,
two phosphine groups can be taken together to form a diphosphine
chelating ligand. Exemplary diphosphine chelating ligands include, but
are not limited to, bis(dicyclohexylphosphino)methane; |

1,2-bis(dicyclohexylphosphino)ethane;

14



P(d11-C6H11)3 P P(d6-C3H7)3 P P(d1-C3H7)3 D H H H P(d4-C6H11)3

WO E’((ﬁklco@ﬁ!rWB (A) [0044] Referring again to Formula la, When,ﬁ;,lls,%mfﬂpgml,:,w82
is phosphorus, two phosphine groups can be taken together to t/orm a

diphosphine chelating ligand. Exemplary diphosphine chelating ligands

include, but are not limited to, bis(dicyclohexylphosphino)methane;

1,2-bis(dicyc ohexylphosphlno)ethane 14 WO 2005/042147 x
1,31biskel Hie\RISPRI IS SIMRRRS e

4L14r@4§(@lw6}9é@1w@8§mhmm@ﬁa@e'

dIC lohexylpho p ntane
RE Sl dm et ekt
1 Zﬂ&m(&aswmemMmOPane and
rﬁ”gﬁ’ﬁ@ 45] As mentioned with respect
1 3%4Sgrmugslggé§g%g%ﬂi%a anionic ?{gand selected from a carboxylate,
1.4uhisddiiseprany i sribew@afate group. Such ligands, in
[004530")@%% M@dﬂéﬂtﬂaﬁ%ﬁk@éﬁ%‘%é‘l@%[rée aCQBOQS "@'%egmg?‘nomc

ymmetrlc Identate, asymmetric ch |dentate asymmetric

Iig%gﬁi@cm%%ﬁmarf@mw%e Rémégéh@aqwétgtraeﬂjﬁathr@wéaemaﬁ%s

grolisludr:diligee 88! iHTHERALIR atiehf QWM ihE: SHIRIMANA MELIEERSEB, can
below: R'/Pd unidentate ggmmetrlc bidentate RL . .

be unidentate, symmetric bidéntate, asymmetric chelating bidentate,

asymmetric bridging, or symmetric bridging. Representative structural

representations include, but are not limited to, the following schematic

Structures B, below:

. X—Pd X X
s AN
R1——< R1—< >Pd ' R b
X X X
unidentate symmetric bidentate asymmetric bidentate
R R
1— X /”‘\ /k
R S }d )l( N )l( _ x? )|(
X !
Pd Pd Pd Pd
asymmetric bidentate symmetric bridging asymmetric bridging B

where X independently is oxygen or sulfur and R’ is selected from
hydrogen, linear and branched C4-Cxg alkyl, C4-Cop haloalkyl, substituted
and unsubstituted C3-C4a cycloalkyl, substituted and unsubstituted C»>-C12
alkenyl, substituted and unsubstituted C3-C42 cycloalkenyl, substituted and
unsubstituted Cs-Cyp polycycloalkyl, substituted and unsubstituted Ce-Cq4
aryl, and substituted and unsubstituted C+-C2 aralkyl. As used here and
throughout, the term haloalkyl means that at least one hydrogen atom ¢on
the alkyl group is replaced with a halogen atom selected from fluorine,
chlorine, bromine, iodine, and combinations thereof. The degree of

halogenation can range from at least one hydrogen atom on the alkyl
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Ri PCT/11S2004/037483 asymmetric bidentate Pd Pd Pd Pd Xtx
asymmetric bidentate symmetric bridging asymmetric bridging B where X

wo independently is oxygen or sulfur and R' is selected from hy@CHER20IHET983
and branched C1-C2o alkyl, CI-C20 haloalkyl, substituted and
unsubstituted C3-C12 cycloalkyl, substituted and unsubstituted C2-C12
alkenyl, substituted and unsubstituted C3-CI2 cycloalkenyl, substituted
and unsubstituted C5-C2() polycycloalkyl, substituted and unsubstituted

regi_@iépeép)q,r Psestii fe DG et H%i6itdd éﬂ@EBfﬁfﬁTﬁWeﬂﬂsed
dreigoane fﬂﬂrthlagdsgmhaﬂl”l@tegén@ haieﬁh@bwmﬂn)awabimsu anel Fygksagen
Jrom.on, fhe alk roun, s splaced withaliagen atom selepisd from

a nr a .
uorine, chloring, Bromine, iodine, andrcombinations thereo PTedegree

[ooathalagenativheaimaagsstianeaticasdensibydrogareatothatrtiee alkyl

5.0, 20051042447 PGTIIS2001037983 fadical belng coplacsl by
H5gen atom (4.0 5 Thonofiuoromatiy group? o tull halogenation (e.g.,

geeeicitogisnmtitnpahens dif fiyehedcbi-diomtkn CheCalkArgloapcthaveabegsh
deRReeb P8 RYRPRDSHAR- JARRRI L\ HsthRe iBinV iU hiSinations

understood to mean that the substituted radical or substituent can contain

tBREeSf mbhe fsnieg muisties samAlse Aesibsiintefinche siamper just
df@da_bé@ryg_mﬁ@dr@we@m@m Sefﬁ{@?\fygmi]cﬂU@m,e@hw!ipﬁ)pyl,
promine,. 1qdine, an ombinatjons, thereof. e 1orgqQin oleties ca
o o N S ot T FU
aatemaattyyl, phifugto pattylluomopyi e nyh-prop ey, fervbntgt ésotsuty |,
e&%%—sw,&xﬂﬂn%smmﬂmy&e%dc%%et{nbﬁftew’) %%*c’a\ﬂagma%gy"

and benzyl. Advantageous exemplary aniohic ligands include aceta
QthsseryyRiMWRIEeTiDbgantfcinsliidpldiy@Ronfesitedrfde include -
FBEAZL ESHMACF CHISCHREOR! BKbRENSIHA3; Buddlmsharsited
GRS DU A AATERSY), dithioacetate (CHsC(S)s), CFsC(S)O,
CF3C(S)y, MesCC(S)0", MesCC(S)z, CsHsC(S)O", CeHsC(S)2,
CsHsCH2(S)O7, CeHsCHx(S)2", CeFsC(S)07, and CeFsC(S)2".

+

X

+
AN
R‘—<_X /Pd(E(R)3)a(LB)bJ

c

o

X—Pd(E(R)3)a(LB),
X

+
X
R— ;Pd(E(R)ya(LB)b}
X

In symmetric and asymmetric bridging embodiments in accordance with
the present invention, palladium proinitiator cations can exist as dimers.
Representative structural representations include, but are not limited to,

schematic Structures D, below:

F R1 . 2+ B r! - 2+
A X
(LB)b(E(R)E})aP? ‘Td(E(R)a)a(LB)b ('—13)13(5(")3)apl;j PA(E(R)3)a(LB)y
XYX x\(x
L R1 - L R1 |
D
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to, thioacetate (CH3C(S)O-), dithioacetate (CH3C(S)2-), CF3C(S)O-,

3C(S)2 , Me3CC(S)0-, Me3CC(S)2, C6H5C(S)O', C6HS I
WO%’Eﬁ@*CH (S)O-, C6H5CH2(S)2, C6F5C(S)O and 06F5C(S)C§@§9‘92""4’037”5

X-Pd(E(R)3)a(LB)b X Pd(E(R)3)a(LB)b C X RI-\\~Pd (E(R)3)a(LB)b X
In symmetric and asymmetric bridging embodiments in accordance with
the present invention, palladium proinitiator cations can exist as dinners.
IRepee foeigoive stucttrsd sdpydSenBation s inphed@ Urly alefinadimiteddopdct

clhemati tye A+ 2% X'
e e T
[0030(Q5/0ENi4 bREETHYOA064r03 2881 amtte viviie gloengrsrantureseRiidn EBn be

. : . c ,
R RIS AR ) S e
vigten @AIREE RNk B edAn@ it eherperamy o ioliedhds, cyclic

SIPRACHMPHRIRCEP R RN a R RBRIADS L8 WISHRS CoMith SLATPRIAR S & ARERT
.the following type of compounds: alkyl ethers, cyclic . o
isocyanates, nitriles, Isonitriles, cyclic amines especially pyridines and

pyrazines, and trialkyl or triaryl phosphites.

[0048] More specifically, advantageous exemplary Lewis base ligands
include acetonitrile, pyridine, 2,6-dimethylpyridine, 2,6-dimethylpyrazine,
and pyrazine. Other exemplary Lewis base ligands include water,
dimethyi ether, diethy! ether, tetrahydrofuran, benzonitrile, tert-butylnitrile,
tert-butylisocyanide, xylylisocyanide, 4-dimethylaminopyridine,
tetramethylpyridine, 4-methylpyridine, tetramethylpyrazine,
triisopropylphosphite, triphenylphosphite, and triphenylphosphine oxide.
And still others include, but are not limited to, dioxane, acetone,
benzophenone, acetophenone, methanol, isopropanol, triethylamine,
dimethylaniline, N-neopentylidene methylamine,
1,1-dimethyl-N-neopentylidene ethylamine, N-methyltrimethylacetamide,
N—methyl-cyclohexanecarboxarﬁide, dimethylaminopyridine,
tetramethylpyrazine, and triphenylphosphite. Phosphines can also be
included as exemplary Lewis bases so long as they are added to the
reaction medium during the formation of the single component proinitiator
of the invention. Examples of Lewis base phosphines include, but are not
limited to, triisopropylphosphine, tricyclohexylphosphine,
tricyclopentylphosphine, and triphenylphosphine.

[0049] Still referring to Formulae la and Ib, the WCA is selected from
trifiimide, borate and aluminate anions. Where such WCA is a triflimide it

is represented by Formula (I, below
N(S(O)2R)z [

_ and where such WCA is a borate or an aluminate, it is represented by

Formulae Il and IV below:
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ethers, aliphatic or aromatic ketones, alcohols, amines, imines, amides,
‘Lsoc _arﬁtes, nitriles, isonitriles, cyclic amines especially pyridines and ‘
WO GHIKEL¥And trialkyl or triaryl phosphites. [0048] More speciff&ily/s2004/037983
advantageous exemplary Lewis base ligands include acetonitrile,
pyridine, 2,6-dimethylpyridine, 2,6-dimethylpyrazine, and pyrazine. Other
exemplary Lewis base ligands include water, di methyl ether, diethyl ether,
tetrahydrofuran, be[Mtﬁlﬁ)r)i(EﬁéfRE)ﬂ(ﬁﬁ?ﬂile, tert-butyli$ibcyanide,
xylylisocyanide, 4-dimeth¥LI1aminq yridiqg, tetqz%\methylpyridine,
4-methylpyridine, tBvERBINPIRa2ARER t{SBrodylphodphite,
triphenylphosphite, and triphenylphosphine oxide. And still others include,
[OOBH ard YioUNELAEE 45, BRSTAHE, IecBiimas HEAESOHRIRARISYIR BRERbAE, 2
anathenals inoppandimiatylaclings slimaibytanilintidd-reopentylidene

methylami -di I-N- lid lami .
e e e Y S B e,
birfrethiddinarogynaives udstrahisnidepliPdtSi{e )abdrsiphraighosphite.
1Pesphings Han As8ARa MEINIR AR SHERIIN L ANS IRSRS Sa1AAE as

they are added to the reaction medium during the formation of the single

(D RSBHRT proRi2abr Falive MRS Siealtip SR CERBDase

tibasiplioesmiReh e utorg okt Hatied ivo i (o ooy drogghine,

tricyclohexyiphosphine, tricyclopentylphosphine, and triphenylphgsphine.
Ioowdigﬂsm'r@aﬂwgf@fpam% LidMh iR aneoR AN 8 romR
Rﬂﬂlimideméﬁgtee@wF @éumml ' ﬁ@r.@@@ﬁ&sﬂsﬁlﬁlﬁg{g ng%hﬁﬁmwﬁ;ﬁm
IS T pr.esente ormu , ow. na wnere C
S el e T Rt e e
hladactmjlkarwwmnQarléﬁtobdrzmamd?EDIﬂOﬁZOGéIBSH%QGS){WB@_)(m)@Biloxy,
sUBTHHLEURAALBRINSATLOUOR (1] I d0QR08 hutaiglist to

Formula'll, R is as defined previously in"Formuyla la ;fmd representative

URRRIES iR Goetra Xt GFAKES WhBrERIUPIMEBSORENyl)imide,
strtimideedéR(DRfe4ERM Artoxy or aryloxy groups. When R to R"is

selected from a substituted aryl or aryloxy group, such group can be

b

monosubstituted or multisubstituted, wherein the substituents are
independently selected from |inear'and branched C4-Cs alkyl, linear and
branched C4-Cs haloalkyl, linear and branched C4-Cs alkoxy, linear and
branched C4-Cs haloalkoxy, linear and branched C4-C3 trialkylsilyl, Ce-C1g
triarylisilyl, and halogen selected from chlorine, bromine, iodine and

fluorine.

[0052] Advantageous exemplary borate anions include
tetrakis(pentafluorophenyl)borate and ,
tetrakis(3,5-bis(trifluoromethyl)phenyl)borate. Other exemplary borate
anipns include tetrakis(2,3,4,5-tetrafluorophenyl)borate,
tetrakis(3,4,5,6-tetrafluorophenyl)borate,
tetrakis(1,2,2-trifluoroethylenyl)borate,
tetrakis(4-tri-i-propylsilyltetrafluorophenyl)borate,
tetrakis(4-dimethyl-tert-butylsilyltetrafluorophenyl)borate,
(tetrakis[3,5-bis[1-methoxy-2,2,2-trifluoro-1-(trifluoromethyl)ethyllphenyi]

-borate, tetrakis[3-[1-methoxy-2,2,2-trifluoro-1-(trifluoromethy!)
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bis(pentafluoroethanesulfonyl)imide ([N(S(O)2C2F5)2]-), and
1.1,2.2,2-pentafluoroethane-N-[(trifluoromethyl)sulfonyl]sulfopami

wo ("[N’é“(f%}é%F3)(S(0)2C4F9)f). Alternatively, the WCA can be B amanaross
tris(trifluoromethanesulfonyl)methane anion ([C(S(O)2CF3)31) [0051 ]
Turning now to Formula 111, M is boron or aluminum and R"), R", R12,
and R13 independently represent fluorine, linear and branched C1-C10

|l d ﬁﬁ?ﬁﬁ’? - Xynlnear and branched C3-C5
%ﬁ)ﬁkgﬁﬂfﬁg and b%%ﬂgjo %:%Ué%g rt\rkljalkylsiloxy, C13-C36
edr IdRbX2 - Subrdtiflitencaid ARstbk i uaERpthe a3-AriridHa ramativted

ey s sty e e b ABAPNY SHaUPS where R10 to R13 can not
simultaneously represent alkoxy or aryloxy groups. When R10 to R13 is

[0Q5RL te¥ st e hpraie R BE Mo BHg RSgphetitmiesui® can be

rRARNGEESHLEREHRYIfissiasEliarh mh1BaioR REbSibeRigare
inde enéeé]tly s_erllrflo%te from linear and branched C1-C5 alkyl, linear and
P RS BN Bc e i He el RO RS BN Afear and

hetradtied @ 15E5thaloapkmryy | iveate,n diayitieg & fuotephabybibtate,
] lsily] i lori e iodine.

e R R e D e YRSl

férrhesyianuyiosiperiaiinempheniiorate,

Q@é@}fbs@tﬁ eHifosPopeEnyIplapmd)borate. Other exemplary borate

anions include tetrakis(2,3,4,5-tetrafluorophenyl)borate,
faiakiss 2R skbmaiaspretyt-iHBRaE - letatlipiome theizdinyleny
Pesaig]Hetrakis (@ tikirpkiggisi lytiethei 202 @ aFifuoyd) Bandie ratiakis1)
4-dimethyl-tert-butylsilyltetrafluorophe nyl)borate,
E?é??’e!ﬂ'%‘[@,@%%r mn%éi\%f?“‘i@%ﬁ%%% ro-| -(trifluoromethyl)ethyl]phenyi]

[0®buate Astrarkisi3dlsnstbmpiar 2 aldmflvate-dn(tiflerupetby skl \BO

"-[042147 PCT/11S2004/037983 ethyll-5-(trifluoromethyl|)phenyllborate,
o i e et e RN T it vo
kotnedin (3. ) béskiyila Bomigtvt poen it ey Ibtrate {eoadary et
ARt Rara e RGIN NG ey U T B SOl ATREG DS,
- tris(perfluorobiphenyl)fluoroaluminate,

(octyloxy)tris(pentafiluorophenyl)aluminate, and

methyltris(pentafluorophenyl)aluminate.

[0055] Referring now to Formula IV, M is boron or aluminum and R, RS,
R'®, and R" independently represent linear and branched C1-C1o alkyl,
linear and branched C+-C1p haloalkyl, C2>-C1o haloalkenyl, substituted and
unsubstituted Cg-C3p aryil, a'nd substituted and unsubstituted C7-C3; aralkyl
groups, subject to the proviso that at least three of R™ to R'” must contain
a halogen containing substituent. When R™ to R""is selected from a
substituted aryl or aryloxy group, such group can be monosubstituted or
multisubstituted, wherein the substituents are independently selected from
linear and branched C4-Cs alkyl, linear and branched C4-Cs haloalkyil,
linear and branched C4-Cs alkoxy, linear and branched C4-C4¢ haloalkoxy,
and halogen selected from chiorine, bromine, and fluorine. The groups
OR™ and OR" can be taken together to form a chelating substituent

represented by -O-R'3-O-, wherein the oxygen atoms are bonded to M and
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tetrakis(2-fluorophenyl)borate, tetra k1s(3-fl ijo rophenyl)borate,

tetrakis(4-fluorophenyl)borate, tetra kis(3,5-difluorophenyl)borate,
waairekis@3 v, 5-trifluorophenyl)borate, methyltris (perf] uoroph aenyisx@ten37983

ethyltris(perfluorophenyl)borate, phenyltris(perfluorophenyi)borate,

(triphenylsiloxy)tris(pentafluorophenyl)borate,

(octyloxy)tris(pentafluorophenyl)borate, tetra ki s[3,5-bis[I

-methoxy -2,2,2-trifluo ro-1 -(trif | uoromet %I)ethyl] phenyllborate, and

Bralastadivalenheayion selattrstdronysiidHReRNd Unsubstituted Ce-
ety (il erapaetiybe ey IRM IR TADAMAIRIUS IAXEMPlary

alumin éa\te anlons encom%\ssed b Formula lll are

XTealele B)ﬁﬂéﬁ) 5P5pWé' fé’%ﬂﬁn atoms are bonded, either directly
tetrékis (i@ b-his iyl gromnet Hgl thh empiddimirate irCite nethenoplargta
?g%g{ﬁl% %r?'iséﬂﬁl ’tgb'ttﬂée téﬂ@'ﬁﬁ%ﬂ&l groups can be

erfluorobiphenyt)flu oroalumln

@@Wﬁ%ﬁiﬂ&ﬁéﬁt@ﬂdﬁ%ﬁbﬁwmm@ﬂ@rgﬁuthe substituents are
pRIBYLHaGayalkierBherYRRWEIR AR %M@@ @?f@JiQ&ﬁOY}h@ar and

Formula IV, M is boron or aluminum and R RIr', and R
RERRIRE Gy reROHE Y g ensred %I@%ﬂl§5PXP{nQH?3F18”d |
mmmmqqmmawamybﬁzfmo halogike | estibatiutedchihskine, bromine,
Sﬂiﬁﬁg% d C6-C30 aryl, and substituted and unsubstituted C-1-C30
ara groups, subject to the proviso that at least three of R 14 to R17
[00B6}t cangmseﬂnmgemmntamgfsﬂwlmwWbercaaslér@nﬂnéﬁased in
%etlectﬁld froE substltuted aryl or aryloxy group, such group can be
monesubsti Ped or ‘multisubstituted, wherein the substituents are
independently selected from linear and branched C1-C5 aIkyI Rfear and
branched CI-Cgfidio ioal I.mear and branched C1-C5 alkgxy, ﬁ;eaggand
branched C1-G1(® aI kqu and halogen selecté\g from ghl '12
bromine, an‘d'fﬁ)erlnel hécgroups OR 14 and O e OHC)S
together to fOI‘Inga CI‘Fe atlng%‘ubstltuent represBiited by)-O-R18-O '19
wherein the oxygen atoms are bonded to M 201h/042147
PCT/U82004/03?29983 R18 is a divalent radical stglected from substituted
and unsubstituted C6- C30 glryl and substltutecf2 and unsubstituted C7-C30
aralkyl. Inan —(C)

R19 R20 R20
PRGN
R —(CF N /\(95—
R20 (e R19 R R19
RS E

where R'® independently represents hydrogen, linear and branched C4-Cs
alkyl, linear and branched C;-Cs haloalkyl, and halogen selected from
chlorine, bromine, and fluorine; R*® can be a monosubstituent or taken up
to four times about each aromatic ring depending on the available valence
on each ring carbon atom and independently represents hydrogen, linear
and branched C4-Cs alkyl, linear and branched C1-Cs haloalkyl, linear and
branched C4-Cs alkoxy, linear and branched C4-C1y haloalkoxy, and
halogen selected from chlorine, bromine, and ﬂuorine; and s
independently represents an integer from 0 to 6. It should be recognized

that when s is 0 the oxygen atom in the formula -O-R'®-0O- is bonded
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embodiment of the invention, the oxygen atoms are bonded, either directly
or through an alkyl group, to the aromatic ring in the ortho or _
WO HWs{titH Hivhen substituted the aryl and aralkyl groups can b%e)r“j]%}ﬁls2004/037983
monosubstituted or multisubstituted, wherein the substituents are
independently selected from linear and branched CI-C5 alkyl, linear and
branched Cj-C6 haloalkyl, linear and branched Ci-C5 alkoxy, linear and
dHRFIEHER TRATRP M Ak SX YD 8 rfl HaRe ARG IEREASPHRS €MYriRe ; In the
aB@rBias/ard Braana00PRIURRPIRSEHMPHLR SifUsERS&f divalgry B18

JSgsrisrRsly JCeC Ao Lo So daReI R e
aRV&R18dedBslydyFaiodR1D tBavinere R kOrindepemdeotiy reptaseosstions.
e g e oo i aufere
nop lraiaskta nash Zsakfnietied eirbe 1ge e diviptrne® SebuPehch
2UMAksFKhRRBBBANEheahieRValtRb e VRenCce
2,3,4,5-tetrabromobenzenediolate (-OCgBr,0-), and
bis(1,1'-bitetraflucrophenyl-2,2'-diolate).

[0057] Advantageous exemplary aluminate anions include
[AOC(CF3)2Ph)4]", [AHOC(CF3)2CeH4CH3)4], [A{OC(CF3)2CeH4-4-1-
butyl)4], [AI(OC(CF3)2CsHz2-3,5-(CF3)2)4], [A{OC(CF3)2CeH2-2,4,6-
(CF3)a)dl, andA [AI(OC(CF5)205F5)4]‘. Exemplary borate and aluminate
anions‘inc!ude, but are not limited to, [AHOC(CF3)s)4]", bis[3,4,5,6-
tetrafluoro-1,2-benzenediolato-k0,k0’]borate ([B(O2CeF4)2]),

' [B(OC(CF3)a)al, [B(OC(CFa)2(CHa))T, [B(OC(CFs)zH)aT,
[B(OC(CF3)(CHa)H)al', [B(O2C6F4)2]", [B(OCH2(CF3)2)4]", [AHOC(CFa)s)al’,
[A{OC(CF3)(CHa)H)al", [AOC(CF3)2H)al, IAKOC(CF35)2CeH4-4-i-Pr)al,
[AI(OC(CF3),CeHy4-4-SiMes)s, ], [AI(OC(CF3),CeH4-4-Si-i-Pr3)4,], and
[AH(OC(CF3)2CeHa-2,6-(GF 3)g4~Siri-Pra)a".

Thermolysis of Palladium Proinitiator

Generation of Reactive Intermediates and Palladium Hydride

[0058] Referring to Fig. 1, a suggested mechanism for the formation of the
various trﬁsopropylphosphine derivatives (A, B, C, D, E, F, G, H,and ]) of
the present invention is presented. The single component proinitiaior B is
shown as being obtained by reacting a palladium complex A containing a
Group 15 electron donating ligand, triisopropylphosphine, and an acetate
ligand with a WCA salt, LiFABA etherate ([Li(OEt;).5][FABA]) and a Lewis
base, acetonitrile. The single component proinitiaor C is shown being
obtained by reacting palladium complex A with DANFABA. Thus in the
presence of a Lewis base, proinitiator B is obtained and in the absence of
a Lewis base proinitiator C is obtained. It is further believed that the

original monodentate carboxylate ligand B is transformed into the kappa
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on each ring carbon atom and independently represents hydrogen, linear

and branched Cj-C5 alkyl, linear and branched Cj-C5 haloalkyl, linear and
wobmanohzd Cj-C5 alkoxy, flnear and branched CI-Clo haloalko®g BEHE2004/037983

halogen selected from chlorine, bromine, and fluorine; and s

independently represents an integer from 0 to 6. It should be recognized

that when s is 0 the oxygen atom in the formula -0-R'8-0- is bonded 20

WO 2005/042147 PCT/US2004!037983 directly to a carbon atom in the

aronthittentetes grrdgusation 1S wpwe adstivg tisetemdinsauablewis

feeaulagRgnuIes RUR(%) it M&%nh%féroen%@d‘i%m%tﬁyw @'are each
substituted methylene group(s), §C(R19 2)s-, are advantagreousl

IRelRRI ARFeeRRh R RISy M RPOFRRIZ I BREY ke pECERRLNGY . as
CIEbAN GaFaYIPS, @frmeifmmmtmf@lai:&&aﬁqi@debm@deaméamm@j to,

are 4 5-tetrafluorgbe olate 6F4O
ok i SR A IR aE Sianic sk BTt I SR pomptex
(H)@BM@ AharosHalg anioitetasiveipbed\ar? 2 efalated afods Ajhen, when

RAVAPIARSPYS SRR AILIBIALE SpaRs NGy 8‘.%#\!&9@@%9%%1
[AI(OC(CF3)2C5H4CH3)41-, [AI(OC(CF3)2C6H4-4-t- butyl)4]-,

[opsgpcacssbemm@mﬁ)a}qm(@@@mpemammemr@rmgmm
AU GRS G IRERIOIGds 5?‘588?#8%{&&’%%@@ tﬂ'é”i‘é%t&? SRR ed

include, but are not limited to, [AI(OC(CF3)3) |s 3,4 ‘
téﬂﬁﬂlﬁij a9 shewsenddhnais- ReJiR(eibindte ([@(‘@R’E%ﬁ&)‘ﬁ%e D has also

[Bé@F (Edig18H 3 HBUREEICHS) 3 prtMH e[ B (ab{idr3bdrdidons, i.e., heat,

[ F3)(GH3) (o C6F [B(OGH2
KRB e hat ey Jefhﬁ@ Gl pyorie
I#hﬁ(t@@i%‘)ﬁ@ﬁH&%lkﬂQHQS,plﬁN@ﬂé@RS)ﬁKRGhMI)Mﬁ]Wﬁ)éj

r3)4
A, 580l s & i Fig. 1, initiator complex €,
RIETEReS GetisrineR BorRaten ke rrtandiptés kelierad daileadiriAde
(R Rafgranttotwe. t}g@s’s%&&@%@gm@ﬂﬁmlfﬂi@?@ Eﬁm%@éhméhe

varioys triisopropylphosphine derivatives (A, B G, H, and%
is

HRGHESA GGG REBIESR ARSI EERR Iget{b‘fﬂB&ﬁ%Hf R&mAKRN

palladium hydride complex, the original compiex E and species F and G,

as shown.

[0060] Alternatively, under the appropriéte activation temperature and in
the presence of a Lewis base, it is believed that proinitiator B can undergo
a thermolysis reaction wherein the carboxylate anion decarboxylates, (i.e.,
loss of COy), to form an active palladium hydrocarbyl (e.g., R' = methyl)
catalyst specie, depicted as | in Fig. 1. |t is further believed that the active
catalyst specie | can undergo further thermolysis rearrangement losing the
hydrocarbyl ligand (e.g., methane) to give an active hydride initiator (not
depicted). In addition, it is thought that under certain reaction conditions,
specie | can re-enter the hydride formation sequence via a protonation of
the palladium-methyl functionality by in situ formed acetic acid and

generate proinitiator C.

Palladium Initiator Complex Preparation

[0061] Palladium complexes containing Group 15 electron donor ligands

are obtainable commercially or can be synthesized via well-known

22



shown as being obtained by reacting a palladium complex A containing a

WO gy‘gwp;z’lﬁ_?electron donating ligand, triisopropylphosphine, ang et
figand with a WCA salt, LIFABA etherate ([LI(OEt2)2.5][FABA)r)%2"r]1%d'§16§} Bi7983

Lewis base, acetonitrile. The single component proinitiaor C is shown
being obtained by reacting palladium complex A with DANFABA. Thus in
the presence of a Lewis base, proinitiator B is obtained and in the

@:fﬁﬂfﬁ&sﬁo atbewis W@Iﬂi\rﬁﬁgﬂfe@lﬁ :falmﬁ@,ndgcbdtl ﬁiuﬁrebww r?f
tt igi . tat i Bi into t
B S R R e e e

configpradmf dicCfaponladdiRjsliearaimeidsobfdrdvad sdssn Wihmbaréate
@?HE%?&ER%R@M% iSRRI S 3RthG %ﬁ]ﬁﬂsm&%@?gﬁ(w%

each exhibits latent polymerization activity. Alternatively, as shown in

Wher6irttidto AEENThRIE T RRSYECYBti A &R fingmYaRatiunt semplagy
;Aawd}tbi Bricioensiskeo BiCtAsitoierforHY @gﬁgg&%ﬂé, yé'l'@éﬁeHTFroTl , but
tosylate apjon a cetate ligan en, when complex H is
B L PN e o O O b D6 T
BelgR{E ek pRINBIADEE (€ phwePre O eF shéRtsis, conditions and
' ic aGi iel igand ' S
e T e e R R S R e
i ipricl O Ap R SH &te)aletivaron e riftieraiul e AHeRr e BRmiSTiYMed
iat-wihiakishetie veel 40 e s pafiaNic Raltadiige sk dritiator complex,
trialkyIphosphine(b'isalkylalkenylggaé)jsphine
palladium(acetonjtrilg)hydride, s asEinFi Initiator,complex E,
undergo_es a cﬁ%@f‘é%c?ﬁionation reaction that is l%ecﬁg%é%g‘g toa
BHEBINNG ol AedMBP T (iRIUIAIT anf HosauRed) ObRNasRRkror

species at the metal centers to yield three derivatives of the cationic
PHMEHIR Rdride complex, the original complex E and species F and G,

hawn. [0060] Alternatively, undey, the appropriate, activation, . ..
oo o APIRTS BrE IR 8 B Lo R aRede s e RO Jaaienal s
PdiiakiattveBec@risiadetgte andaehadbsispetictigandhisrein the carboxylate

t lon de Ales: (i.e., loss of C02), to form an active palladium
;’/drr(%)cae?%@??g%g, R1 = methyl)
(P-i-Pr3). ' -
2 P-i-Pry f
Pd(0,CCHs), > Pd(P-i-Pr3),(0,CCH;),

[0063] Where Pd(Q): is Pd(OAc),, such is generally available from a
commercial source. However, other palladium carboxylates, thioacetates,
and dithioacetates, may not be so readily available. Advantageously,
such other carboxylates, thioacetates and dithioacetates are readily
prepared by the reaction of Pd(OAc), with at least a two-fold equivalent of
the appropriate carboxylic acid (R'CO2H), thiocarboxylic acid (R'C(S)OH)
or dithiocarboxylic acid (R'CSzH). For illustrative purposes, the reaction is

generally represented as follows:

Pd(0,CCHy), + 2 HO,CR! > Pd(0,CR"), + 2 HO,CCH,

and is more specifically exemplified as follows:

Pd(OZCCH3)2 + 2H02CCMQ3 —_— Pd(OZCCH3)Z t 2H02CCMe3
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catalyst specie, depicted as | in Fig. 1. It is further believed that the active
catalyst specie | can undergo further thermolysis rearrangement losing the
whzidvsert3yl ligand (e.g., methane) to give an active hydride irtiaeISgaot/037983

depicted). In addition, it is thought that under certain reaction conditions,
specie | can re-enter the hydride formation sequence via a protonation of
the palladium-methyl functionality by in situ formed acetic acid and
generate proinitiator C. Palladium Initiator Complex Preparation [0061]

[0064] Pédieadgen eteablextecanginingnGronpnt Peiévtistodof drdigamdsiaare

I wn 22 WO
can @%05/04212&3%@@ A iSARLRE SYRDRSIZSd Maerkan

04/037983 synthesis routes. In one such

approRYAtResR VR 'H‘F%Nﬁ%‘ﬂ!ﬁ*b{ CORSBRRALNSE %ﬂ@?b?ﬁ{u»la?'lbﬁ('@)@ 18%lowed
reactidf 1@asiorER@ Grovm B siscHoR dunam@cramtmdt@iﬁb@rfafmul@e&(l?)3

[ erts Iv nt and riate tem ture to for palladium
-78 1o cgo%f)‘ilg’x R ormclﬂg B’(ﬁfg%(% rE0 ar%l ‘f—'&na?e 8¢
em bocpmemmmﬁimearmmﬁammuamanmemplavycpauammm ed&rpl@méé'vof the

emdréﬂrm%)@ %)é(r%@ élz’?g(OAc)Z?;a g@()&??] @%Ec t- Bu)2(P CY)3)2
%It@h WG SRYEBRebbGRS 2 pe@m APeRIITPRTS(

single E@(@MA gh‘tﬁrd?m)a%aae tT@(%ﬁﬁlﬂM@W&Z)(E(ﬂ)%}LRWVCA],,

may also he usef allv
where QB R B e Sy et S o B e e,
[Pd(QRAFERR)OBCRICtadheith R, ¥ Q@A definiadier emﬁmuta o8 arh@wlsand R1
vase S T APUBER SIS EolIRRZIETY louun PUpspeRuFarHn

scheme is starting material is Pd(Q here Q is acetate and the Group

the m%@‘ll@%’h@fsblfr%bﬁ@@ﬂﬁr@fsﬁhwé C(bm@?aaetaa@ome%t@tﬁd or
dithiodPetdle3) 224 ridhic) Agh Pdi-dlBtained in the palladium complex

precursor is transformed from a monodentate or unidentate configuration
to a bidentate or x*-configuration in the resulting proinitiator product. An

exemplary reactioh scheme for this embodiment is set forth as follows:

WCA Salt REEL A
PA{ER3)2(0,CR ), >Pd %ﬂ
R;E \o

(wea)

1

[0065] The following exemplary reaction scheme includes
Pd(P (i-Pr3))2(02CCHa3), starting material and the weakly coordinating
anion salt employed in the transformation is N,N-dlmethylamhmum
tetrakis(pentafluorophenyl)borate (DANFABA).

i- Pr3P\
>““CH3 B(C¢F
i-Prs p” O } (B(GF5)a)

[0066] In another embodiment of the invention, the proinitiator
[F’d(K2~Q)(E(R)g,)a]p[WCA]r (C in Fig. 1) is generated by reacting isomeric
metalated palladium species in accordance with Formula Ib
([{E(R)s)E(R)R*)Pd(LB)I,[WCA],) with a carboxylic acid, thiocarboxylic

acid, or dithiocarboxylic acid. Where R and R’ are as previously defined

DANFABA

Pd(P-i-Pr3),(0,CCH3),

2

with respect to Formulae la and 1b, such as depicted below:
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[0063] Where Pd(Q)2 is Pd(OAc)2, such is generally available from a
commercial source. However, other palladium carboxylates, thioacetates,
and dithioacetates, may not be so readily available. Advantageously,

WO 0eRdidT carboxylates, thioacetates and dithioacetates are P€adily2004/037983
prepared by the reaction of Pd(OAc)2 with at least a two-fold equivalent of
the appropriate carboxylic acid (R'C02H), thiocarboxylic acid (R'C(S)OH)
or dithiocarboxylic acid (R'CS2H). For illustrative purposes, the reaction is
generally represented a foIIows Pd(O2CCH3)2 + 2 92CR1 and is
more specifically e em d as follows: Pd(0 C&:HB c?l HO02CCMe3
Pd(02CR"2 + 2 {Pd(02CCH3)2 + 2 H 323 WO
2005/042147 Png 52 4/03798&,@064] More géheritati¢hthe single
component proinjéd&tor &f Formula la can be pr@)adj d by mixing a
palladium corRg tj(%egursor in an appropnate;solvén"g ith a weakly
coordinating anion salt, allowing the reaction to proceed to cdmpletion at

too%g?i'tah%% I§GLIRR [PARSS RIS, {BR,RITIVERI G i SHRSFaHENtlY

ating the proinitiator product. In one_embodiment of the invention a

158\ (EaténR ré@ﬁ‘fp@x%o%(aln’f’ﬁ)g(&@H@b&éceteeﬁal?}ib%?q@@mh of the
W@-Wﬁﬁﬁﬁ(@@l@@z’(ﬁf{dﬂg Mithyaa A ERICKFan Jinert solvent

AT o e TR A A “haidre . €. R,

[ﬁ@Mﬁ@-&@m@MW(@e&mmWEdm When [Pd(Q)2(E(R)3)alp
5d F%“fﬂbﬁg]é’%o%%bmmaf%%o 3, Lyis baseoravery

poor coordlnatl Lewis base (I.€., rea |Iy placed from the metal

[Eeier Byl 63y o (SN BECH®sthioacetate, or
[oo%'%i'Oeiﬁeéa'iﬂ%o'i*?egﬁg'Pé\'é?)égarﬂgt%%’c 5{;&&4{5}%%83 aglium complex

cursor Is transformed from a monodentate or unidentate configuration

[E)dél%ﬁ@eﬂmé(e rRCedmfideRtidet Gl @kt Ias(aaatPpisileu HB Geiodulc g ch

by, feagtop, geheroerion thisemhadisesst igirai fla[tsrs)iplaws:
us ER3)2(OZCR1)2 WCA Salt RSE\PdOR1 R3E110

[0069] The carboxylic acid, thiocarboxylic acid, or dithiocarboxylic acid,
mentioned above, are selected from acetic acid, trifluoroacetic acid, pivalic
acid (Me3zCCO3zH), thioacetic acid (CH3C(S)OH), benzoic acid ‘
(CeHsCO2H), thiobenzoic acid (CeHsC(S)OH), pentafluorobenzoic acid
(CsF5CO2H), trifluoromethylbenzoic acid (4-CF3CeH4CO,H), and
4-methoxybenzoic acid (4-CH30CgH4CO2H) and their versions where the
acid hydrogen is replaced by a deuterium.

[0070] This particular embodiment of the invention is exemplified in the
following reaction scheme in which protonation of the species
[PA(LB)}ER:)(ER:R*)I[WCA] by an organic acid generates the
k2-derivative, [Pd(ERa)2(Q)I[WCA]:



(wcA) [0065] The following exemplary reaction scheme includes
Pd(P-(i-Pr3))2(02CCH3)2 starting material and the weakly coordinating
wo ornsalt employed in the transformation is N,N-dimethylanpoiuo$2004/037983
tetrakis(pentafluorophenyl)borate (DANFABA). Pd(P-i-Pr3)2(02CCH3)2
DANFABA 1-Pr3PN Pd } CH3 iPr3P~ NO (B(C6F5)4) 1 2 [0066] In
another embodiment of the invention, the proinitiator [Pd(K2_Q
)(E(RW 1Fp[WCA r (C in Fig. 1) is generated by reacting isomeric
et Iat lladium species in accordance with Formula Ib
rF 2R*)Pd(LB)]p[WCA]r) with a carboxylic acid, thiocarboxylic
or dithiocarbowgic acid. Where R and R are as previously defined
WuI*FI esp@ct to Formulae la and 1 b, such as depicted below: 24 WO
RE005/042147 PCT/US2004/037983 R CH3 R CH3 R~~_ /H R~I CH3

- and /ot CH3 [0067] The spemeqzﬁlgg(kB)(E 3) aEély)][wc ] is selected

frog), 4PA¢P-(i-Pr)3)(x2-P, C- P -i-Pr triley] B\»&g Fs)4],
[Pd (P (i-Pr)a)(x2-P, C-P(-i- Pr)2(C(CH3)2)( yllg he P%&_GF )4, .
[Pd(P (i-Pr3)(x2-P, C-P(-i-Pr)2(C(CHa)2)(p rldlne) I[B(CeFsd4l, [Pd (x2-P,

6H 10))(aceton itrile)][B (C6F5)4],
- Cy (C6H,0))(pyrazine)][B(C6F5)4], and [Pd (x2-P,
P '5’

2056H, 0) (py¥ig,ine)][B (C6F5)4]

LB

[0071] Representative [Pd(LBY{ERs)}ER2R*)][WCA] species based on

-isopropyl and cyclohexyl groups are:

[0072] An advantageous embodiment of the present invention is illustrated

by the following reaction scheme:

’I<P)T HyCCOoH (i-Pr)zP
w,_’ "\ @ 3 \ / \ CH;

/ AN (i-Pr);P / \O

[0073] In another embodiment of the invention, a palladium complex
containi’ng a Group 15 electron donor ligand of fhe formula
(Pd(Q)2(E(R)3)a)p (see, B in Fig. 1) is simultaheously reacted with a WCA
salt and a Lewis ba‘se in an appropriate soivent to give the pailadium
proinitiator of Formula la. The Lewis base can be dissolved in the
reaction solvent or the Lewis base can be utilized as the reaction solvent.

An exemplary reaction scheme is as follows:
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(0068] In addition, the related metalated deutero species
7)3)(1C 2-P,C-P(i-C3D7)2(C(CD3)2))(acetonitriley,

wo gan%}:[i%ig(CGD")?a)(xZ P,C-P(C6D11)2(C6D10))(acetonitrile)]|[B %( Gi@/ﬁlww
are useful. [0069] The carboxylic acid, thiocarboxylic acid, or
dithiocarboxylic acid, mentioned above, are selected from acetic acid,
trifluoroacetic acid, pivalic acid (Me30002H), thioacetic aci
(CH3C(S)OH), benzoic an (g:a@HSCO H), thloben20| Qud
(C6Hm{§b@t-k)1,)pen¢aﬂuerobenzo+&a0|d (C6 if (WCA)
trifluoromethylbenzoiciasig ¢se3C6H COZ Oand Fimet oxyben20|c
acid (4-CH30C6H4CO2H) and their ve sidisWhere the aci hydrogen is
replaced by a deuterium. [0070] This particular efhbodiment|of the 3
invention is exemplified in the following reaction scheme in which

[oom]o;qrﬁm%n@mmg Wa@?@i{(@ga@%émﬁﬁbbmmmwc
acCl ener ICe-aerivativ
A AR TS 5 (o AL S0 e BT A

co[@@ﬂﬁ:}zm@mentaaues[HidﬁhEh)(ElEﬂjpERtZﬁr)jz[WCAj species based on

tek%@éh%%wgﬁb%?%é& antaéeous e bzéiﬁw\eﬁiifcihlz-gr-:s’é;t

invention is illustrated by the following reaction S(:henjﬁ:H3

Li(OEt,); sFABA (i-Pr)zP— /Né
Pd(P-i-Pr3)3(0,CCH3), 07 p(iPr) (B(CeFs))
H3c—< ’
0 4

Additional LB ligand substituted proinitiator species in accordance with the
present invention can be generated by reacting the obtained LB ligand
substituted proinitiator with a Lewis base that is more strongly binding

than the LB ligand that it is replacing.

[0075] In non-Lewis base ligated proinitiator embodiments of the invention,
the synthesis reaction is carried out in an inert solvent. The reaction
encompasses diésolving the selected Group 15 ligated palladium
compound in the inert solvent and then adding, on a 1:1 equivélent baéis,
the selected WCA salt to the solution. Examples of useful inert solvents
include, but are not limited to, alkane and cycloalkane solvents such as
pentane, hexane, heptane, and cyclohexane; halogenated alkane solvents
such as dichloromethane, chloroform, carbon tetrachloride, ethylchioride,
1,1-dichloroethane, 1,2-dichloroethane, 1-chloropropane,
2-chloropropane, 1-chlorobutane, 2-chiorobutane,
1-chloro-2-methylpropane, and 1-chloropentane; aromatic solvents such
as benzene, xylene, toluene, anisole, mesitylene, chiorobenzene,
o-dichlorobenzene, and fluorobenzene; and halocarbon solvents such as
Freon® 112 (DuPont Corporation, Wilimngton, DE); and mixtures thereof.
Under certain experimental circumstances and certain palladium initiator

generation, the use of certain ethers, such as diethyl ether, dimethyl ether,
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H3CCOZH (i-Pr~ P' - "~' 3 Pd pcl ~ -CH (i-Pr)3P N \\,C \ CH3 3 V [0073]

In another embodiment of the invention, a palladium complex containing
WO S electron donor ligand of the formula (Pd(Q)2(E(R)B)A)HSEwe/037983

6 in Fig. 1) is simultaneously reacted with a WCA salt and a Lewis base

in an appropriate solve-It to give the palladium proinitiator of Formula la.

The Lewis b ase can be dissolved in the reaction solvent or the Lewis

base can be utilized as the reaction solvent. An exem@_lary reaction

dinsaneis2id sty e sagign aiepeer for %7 §gslewis base

RAERD (03RRI 13, (0824l tENR dolkvimg exethpiane Feaniosften

scherrnde ifg,éa,rtin Srr%%ts(‘eerial Is Pd(P-i-Prs)2(02CCH3)2, the Lewis base is
LRERAT €, and the V\‘/‘eal%ry coordinating anion salt is lithium(diethyl

[0GHBYr) ZRoctetiatds (el oeah aaiberpreitii(Sb Dbod BahtB et r
3)i(02CC43)2 Li(OEt2)2.5FABA P /CH3 (i PN3P N/Pd, P(i-Pn3
B eE b7y 4 Ao e oL D RLGE SRt e
accatdaisckinvithetivee prosentl ibentientcerl tmnip aet dosth bestioy Wikere

abtaingd i Bylian ﬁapétiwtaqga)go%ﬁ%%,wi@.,%%W@é%ﬁﬁ%%iﬁmge

strongly binding than the LB ligand that it is replacing. [0075 o
RE8S SRIKTES IR diseHiyImiaesy Sirbodipibes siakanavasadpnitrie,

tetrahydrofuran, pyridine, benzonitrile, and trialkylphosphines, including
trimethylphosphine, triisopropylphosphine, and tricyclohexylphosphine.

[0077] Where the synthesis of the LB ligated proinitiator is carried out in an
inert solvent, the Group 15 ligated palladium compound is first dissolved in
the solvent and then the desired Lewis base and WCA salt added to the
solution‘in a 1:1 to 1:1:5 equivalent basis (palladium compound: Lewis
base:WCA salt). In such inert solvent, the Lewis base coordinates to the
palladium as the LB ligand. As discussed above, a phosphine is

: c‘:onsidered a Lewis base when it is added during the formation of the
proinitiator (i.e., when the phosphine is added during the reaction of the
Group 15 ligated palladium compound with the WCA salt). Where the
Lewis base is a solvent, the Group 15 ligated palladium compound and
VVCA salt are added to the Lewis base on a 1:1 equivalent basis
(palladium compound:WCA salt); the Lewis base solvent is, of course,
present in excess.

[0078] In another embodiment of the invention, the initiator
[(ER3)Pd(H)(LB)][FABA] (see, E, F and G in Fig. 1) is generated by
heating (or otherwise supplying energy) to the metalated palladium
species of the Formula 1b ([Pd(LB)(ER3)(ER2R*)][WCA])(see, D in Fig. 1).

4 \

R

\E R R\‘\P R
/ R LB |

o and /or — LB—P&‘LH
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the synthesis reaction is carried out in an inert solvent. The reaction

woGTRgsses dis_solving the selected Group 15 Iigateq palla(_jliLCLrP/U Squ37953
compound in the inert solvent and then adding, on a 1:1 equivalent basis,
the selected WCA salt to the solution. Examples of useful inert solvents
include, but are not limited to, alkane and cycloalkane solvents such as
pentane, hexane, heptane, and cyclohexane; halogenated alkane
FACBR LB S5t ciLamethane, S ANAIRHY SahRIL lRehigride,
ethylchloride, 1,1-dichloroethane, 1,2-dichlorbethane, 1-chloropropane,
2-chloropropane, 1-chlorobutane, 2-chlorobutane, 1-chloro-2-methyl
propane, and 1-chloropentane; aromatic solvents such as benzene,
ayldneacduspesifinigblefondsitdermdherdberizeingg poegigivbesipizene,
and fluorobenzene; and halocarbon solvents such as Freon' 112 (DuPont
Corporation, Wil top, DE); and mixtures thereef, WYnhder certain -
experimental cirgumstances and certain palladiym inifiator generation, the
use of certain eth s diethyl ether, dir&nyl—efhﬁrﬁx\z WO
2005/042147 PLT/L$2004/037983 dibkane, aantetrdf@/drofuran, may
enable the formatio the Lewis base free proinitidior efhbodiments,
despite the fact-that suchethers are often regarged as Lewis bases.
[0076] Referring to Lewis base ligated proinitiator embodiments of the
presaintyolarioiptios ghind essivadieion with the WCA salt can be _
conducted in the presence of the inert solvents set forth above, or, where

the sel‘i a ‘ ewis base is also a sglvent, i.e., neat. Exempla is

Qfura

base s > ¢ hyl ether, dioxane, aceto 3

te d q , and trialkylphosp di

rim ethylpho Iphpsphine,\and tr[cycloh '
1YW - te-b

7z igated proinfliator 15-ea ri’e‘gd/@'hin
an inert gelvent, the, Group™ Iiggg ed pattadium compound isL?firs;
dissbiWed insthe solvent anddhefrthg desired Lewis base and WEA salt
added to the solution in a 1:1 to 1:1:5 equivalent basis (palladium
compound: Lewis base:WCA salt). In such inert solvent, the Lewis base
[007 I dihateignio ey, ganbdilimeniste aechgdancasviisdhesereapat i vention

- PhesR¥Bgdshe following advantageous compounds that are represented
by Formulae la and 1b: [Pd(OACc)(P(Cy)3)2(MeCN)][B(CeF5)4l,
[PA(OAC)(P(Cy)2(CMes))2(MeCN)I[B(CeFs)4],
[Pd(OAc)(P(i-Pr)(CMes)2)2(MeCN)]I[B(CsFs)al,
[PA(OAC)2(P(i-Pr)2(CMes))2(MeCN)][B(CsFs)4],
[Pd(OAC)(P(i-Pr)s)2(MeCN)][B(CgF )],
[Pd(O2C-t-Bu)(P(Cy)s)2(MeCN)][B(CeFs)d],
[Pd(O2C-£-Bu)(P(Cy)2(CMes))2(MeCN)][B(CgFs)4],
[Pd(O2C-t-Bu)o(P(i-Pr)2(CMea))2,
[Pd(O2C-t-Bu)(P(i-Pr)3)2(MeCN)I[B(CsFs5)al,
Cis-[PA(P(i-Pr)s)(3-P, G-P(i-Pr)3(C(CHa)2) (MeCN)IB(CsF s)d], and
cis-[PA(P(i-Pr)s)(i%-P, G-P(i-Pr)2(C(CHs)2)(NCsHs)I[B(CsFs)a.

[0080] Other advantagous compaounds exemplary of Formulae la and Ib
include, [Pd(OAC)(P(Cp)a)2(MeCN))[B(CeFs)4l, [PA(OAC)(P(i-
Pr)2(CMe3z))2(MeCN)I[B(CsFs)4], [PA(O2C-1-Bu)(P(Cp)s)2(MeCN)[B(CsF5)4l.
[Pd(OgC-t-Buz(P(i—Pr)(CMeg)Z)(MeCN)][B(CsF5)4], [Pd(O2C-t-Bu)(P(i-
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considered a Lewis base when it is added during the formation of the

proinitiator (i.e., when the phosphine is added during the reaction of the
WORpBHpi2btigated palladium compound with the WCA salt). Wirengtbmo+/037983

Lewis base is a solvent, the Group 15 ligated palladium compound and

VVCA salt are added to the Lewis base on a 1:1 equivalent basis

(palladium compound:WCA salt); the Lewis base solvent is, of course,

resent in.excess, [007 anothe diment of the inyention, the
P ﬁ%ﬁﬁﬁéé@%ﬁ%{@ﬁﬁ‘iﬁf@i@%%ﬁ% ’lgn(%g M) is generated
Pbu(oe@mfgzﬁaﬂgmw:{imﬂgpalxiw@sé?%mrmmaéagwpaﬂadigm )
spegi t ormula )W se in. Fig. 1).
PEREEAE e o S BB G A He e O BN ST U
PRROS(0A2)HM REMe HRANEOBEO8R]IThis embodiment is illustrated in the
foIIowin%reaction scheme. and, more Sg cificall){ for the embodiments of

[008)5, YBL9IRo SR S E¥AmRIRY SPReTAs 'aps (P e BHb
altgayslohergphosHPI(EyISERaKED,0'- O2.CCH3)[B(CsFs)al,

[(P(Cy)s)zPd(x?- 0,0-02C-+Bu)I[B(CsFs)al, [(P(Cy)s)aPd(x?*- 0,0
02CCsH35)][B(CeF5)al, [(P(Cy)g)zpd(Kz- 0,0'-0,CCsF5)][B(CsF5)4l,
[(P(Cy)s)2Pd{ic®- 0,0-02CCF3)I[B(CeFs)al, [(P(Cy)a)2Pd(x*-0,0"
02CCH3)J[B(CeHa-3,5-(CFa)a)a], [(P(Cy)s)oPd(x%-0,0'-
O2CCH3)][A(OC(CF3):CeHaCHa)al, [(P(Cy)a)Pd(x? O,0"-
O2CPh)][B(C6F5)4], [(P(Cy-d11)a)2Pd(x*-0,0-OAC)][B(CeFs)al, [PA(P(i-
Pr)s)a(x-0,0" 02CCHa)IB(CsFs)al, [PA(P(I-Pr)a)a(i- 0,0'-0,C-t
Bu)I[B(CsF5)al, [(P(i“Pr)B)de(Tcz"o,O‘OzCCF3)][B(CGF5)4], [(P(i-Pr)a)_gPd(Kz-
0, 0-02CCeFs)|[B(CeFs)al, [(P(i-Pr)s)2Pd(12-0,0-0,CCeHs)IIB(CeFs)al, [(P(i-
Pr)a)2Pd (x%-0,0-02CCeH4-p-(CF3))I[B(CsF )4, [(P(i-Pr)s)2Pd(x*-0,0-
 02CCsH4)-p-(OMe)[B(CeFs)al, [PA(P(Cy)a(CMes))a(k-0,0'-
O2CCH3)I[B(CsFs)al, [PA(P(Cy)(CMes)2)a(k2-0,0'= 02CCHs)][B(CoFs)al,
[PA(P(i-Pr)2(CMes))2(12-0,0" O,CCH)IB(CsFs)al, [PA(P(i-Pr)(CMes)s)s (13-
0,0 O2CCH3)IIB(CeFs)al, [Pd(13-0,0-0Ac)(As(Cy)a)2l[B(CeFs)al, [Pd (>
~ 0,0-OAc)(As(i-Pr)e)al[B(CeFs)al, [Pd(As-i- :
Pra)2(02CCH3)(NCCHs)I[(B(CeFs)dl,
[Pd(As(Cy)a)2(02CCH3)(NCCHa)[(B(CeF5)a] [(P(Cy-d11)s)2Pd(NCMe)(
O2CCH3)[[B(CeFs)a], [(P(Cy-d1)a)2Pd(NCMe)( O2CCH3)][B(CeFs)al,
Pd(02CCH3)(P(Cy)s)2(MeCN)][B(CsF5)a), Pd(O2CCH3)(P(i-
Pr)3)2(MeCN)][B(CeFs)a], [Pd(O2CCH3)(P(i-Pr)s)2(MeCN)][B(CeHs-3,5-
(CF3)2)4], [PA(O2CCHz)(P(Cy)3)2(MeCN)][AI(OC(CF3)2CsH4CHs)a],
[Pd(02CCHs)(P(i-Pr)s)2(MeCN)J[AI(OC(CF3)2CsH4CHs)al, [PA(02C-t
BUI(P(Cy)s)2(MeCN)[B(CeFs)s], [PAd(O2CPh)(P(Cy)s)2(NCMe)][B(CsFs)a],
[Pd(O2CCF3)(P(Cy)s)2o(MeCN)J[B(CeFs)al,
[PA(OAC)(P(Cy)s)2(NCsHs)I[B(CeFs)a], [(P-i-
Pr3)2Pd(02CCH3)(NCsHs)][B(CeF5)4l, [(P(Cy-
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LB [0079] In summary, embodiments in accordance with the present

[ iQn . encompass the following advantageous compounds that are )
Wor%é%géérllfij by Formulae la and Ib: PCTTUS2004/037983

[Pd(OAC)(P(Cy)3)2(MeCN)][B(C6F5)4],

[Pd(OAC)(P(Cy)2(CMe3))2(MeCN)][B(C6F5)4],

[PA(OAC)(P(i-Pr)(CMe3)2)2(MeCN)][B(C6F5)4],

mgmz@qg- ) B&@Mﬁ;@% E IW%LMOQCCH -

Hg%{gg_ (;éi)ﬁg}é;égg? &%ﬁg@?@@]ﬁ 3) (CNCgH3Me»-

ERelgB CCHBUIP(GY 2GRN HMA ORI oMe:-2, 6 I[B(CeF)
el commgyron tpa(-

BRI PR3 (KR IS IERCOETE3) ) (HER) BB B F5)4], and
SERGEIRiR n\%gg (CPA(CARHBRINGHIEBICRRS)A (0080]

vantagous com xemplary ae laand Ib include,

Fr(CACHRLOPY DIMIB OB REMR RSB (I-P. C-P (-

SN ey o

&Mgﬁﬁ%ﬁ%@gggzﬁ?@g@?&%}%&m&@}F[Pdééfzerﬁﬂw(P(i 29
A BN oES) JPd(yZ-Ps,C—_ P

B e N e A

§§%§%§’%§%ﬂ%§§%§@§2ﬁ AR AN

XA 8’??91')?6? 4nclude., but are not limited to, o

KE(@W)@WU ‘.Qe%se(??& S4B %h ‘H_ol Efg!?@%r’ fifstic Routes

[0 0BT C 6 hi5)] B 60D g [PECHIS | R BSEKRiry O HDRCDBRS|[BDAF B)ABjde

RS 00 RS S IR 68 00 o
pzetazyjprderct HjiReFREMS AL BRidWeytipuite 2tpination of small

8BNS B (kB84 MRAGY Y b i HeEia i R QA bidBAE  (ie
P3)2(K2,0,07 02CCHI)I[B(COFS)d), [PA(P(-PT)3)2(K2- 0,0-02C+t -

CH, ] [WCA]
[ R, S 3} P }IWCAI

Ryb  NZ
O’Pd\ER > P!
)\ 3 Me;C ERy
g CMey R

4

ﬁ { Rai\,Pd:N/
- CHy=CMe, ER;

e CHs } [WCA]

[0083] One embodiment is the species [((R)sE)aPd(O2CMez)(LB)],[WCA];,
and more specifically [Pd(O2C-t-Bu)(NCCH3){(P(Cy)s)2][B(CeFs)4] and
[Pd(O2C-t-Bu)(NCCH3)(P(i-Pr)s)2][B(CeF 5)al.

[0084] In one embodiment of the present invention, the palladium hydride
may be generated by the decarboxylation of a carboxylate ligand
[((R)3E)aPd(Q)(LB)]o[WCA] with elimination of small ﬁdolecule (alkene or
alkane) under the thermolysis reaction conditions.

[0085] In one embodiment of the present invention, it is advantageous to

generate the palladium hydride or deuteride initiator
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Bu)|[B(C6F5)41, [(P(i-Pr)3)2Pd(K2-0,0-02CCF3)][B(C6F5)4l,
[(P(i-P1)3)2Pd(K2- 0,0-02CC6F5)][B(C6F5)41,
wolReRN3)2Pd(K2-0,0-02CC6H5)][B(C6F5)4], [(P(i- PCT/US2004/037983
Pr)3)2Pd(is2-0,0-02CC6HA4-p-(CF3))[B(CEF5)4], [(P(i-Pr)3)2Pd(K2-0,0-
02CC6H4)-p-(OMe)][B(CEF5)41, [PA(P(CY)2(CMe3))2(K2-0,0'-
02CCH3)][B(C6F5)4l, [Pd(P(CY)(CMe3)2)2(K2-0,0'-
02CCH3)][B(C6F5)41, [Pd(P(i-Pr)2(CMe3))2(K2-0,0"-
(PRCRRNIB)C B4 BRdire iy (Gavi®) 2)gigtive, @ddition of a strong acid
g?—?%*ﬂ)?)]@(g@'fél@] i.&d @)Et]Q %@ﬁ%@%ﬁ%ﬂ%ﬁ@%ﬁgw

Ay (AS(I P(E%)%E?Bgc &g4 P}gi(to a palladium(0) species in the
ﬁ@%ﬁ@yﬁkﬁ@aﬁﬁiﬂﬁbwgcaﬂﬁ[@% ot (R{CxtD) IptRaaCiMe)(

E’% g’é"—'&:g% %gfe&)?ﬁli %ﬁ@@q@% EQ‘%M#§£§§CH§)%5906F5)“

Pr)3)2(MeCN)][B(C6F5)4], [Pd( 3)(P(| Pr)3)2(MeCN)][B(C6H3-3,5-

(CF3)2)4I OZ%CHB P(Cy N)JIAQG(CE )206H49da la<c6r5>4]

{ GRl(OZEC A4 1Pa(02
BU) FP(Q;y)B 2(McCN)[B?étSF5)4 CHCN PCVz

[Pd(OZCPh)(P(Cy)3)2(NCMe)][B(

[Pd(O2CCF3)(P(CY)3)2(MeCN)][B(C6

[odaejomwwa@ﬁﬁum»@@ma%m@mut are not limited to,

By e b i O A S SIS B SHeL)gs Mefddé, but

Ere(RECN 81200 CBHE) bk )M E2NRIBIAN BB ES)A; )2, PA(P-i-Pr3)2,
Bg B(W} @%qqgla CGM%MI_%%\/@ 9&@@5@2@& Lelected from any of
d ],

trans [(P-1-Pr3)2Pd(02C rfé (CNC6H3Me2-2,6)1]B(C6F
jtsdyeuisrbageIPHER 6 i RiebNRERCERHIL ﬁﬂdl(pﬁ)prmula1

Pr)2(CMe3))2(02CCH3)(MeCN)[B(GEEB)4], [Pd(PCy2-tert-
butyl)2(OZCCH3)(MeCN)JB(CGMWP(LPOBXXZ-P,C-P(i- A

(0073 (CHCEER) OV B G 5 iR IR (RS 2R, we%au

G e A S S
RI)26S¢0143)BY) the MGBMMIA[B(CBEEMIIG{F@@(%Br@sents a proton (H™),
Erg}%égf?@ ?&BQ%RE‘AWHE) [%S(Bgﬁ?‘}]a[P% IICmetal an

CBHZIo))(pyrazine)l[B(CBF5)4], an
plksotine e 1th) RpgrinBIaBERUWCA is as deflned above and eandd

represent the number of times the cation complex (C) and the weakly
coordinating anion complex (WCA), respectively, are taken to balance the

electronic charge on the overall salt.complex.

[0088] Alkali metal cations include Group 1 metals selected from lithium,
sodium, potassium, rubidium, and cesium. Alkaline earth metal cations
include Group 2 metals selected from beryllium, magnesium, calcium,
strontium, and barium. Transition metal cations are selected from zinc,

silver, and thallium.

[0089] The organic group cation is selected from ahwmonium,
phasphonium, carbonium and silylium cations, i.e., [NH(R?*®)3]*, [IN(R®*®).]",
[PHR®)s]", [P(R*®),]", [(R*®)sC]", and [(R*®);Si]", where R*® independently

represents a hydrocarbyl, silylhydrocarby), or perfluorocarbyl group, each
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Palladium Hydride Derivatives Via Thermolysis and Synthetic Routes

[0082] In one embodiment of the present invention, the palladium hydride

may be generated by the decarboxylation (loss of carbon dioxide (C02)) of
wo 63kaexpate ligand [(R)3E)2Pd(Q)(LB)b]PIWCA]r.with elimineyjgna/037983

small molecule (alkene or alkane) under the thermolysis reaction

conditions, i.e., loss of isobutylene,. CLACH3 | [WCA] R3E,Pde J 0' 'ER3

~~CMe3 ',NICiCH3 | C~zr R,~ Pd Il Me3C- 'ER3 [WCA] CH'-CMeZ

R3E~ CiCH, [WCA] H'Pd'.~ER3 [0083] One embodiment is the species .

qo(R¥BE)yaP d (028 Ma8) (rBajinRR\VaiAdh geddmoiimspedifealbhed, or ring

e T R O
aiptne predamaseshiivg fhwparasiom. hizgmiesendgthe derssraacbpl the
GeEFP MO 3 LAFRDIMRIR 448N Hn KAR o) orsheh e ePdhint\y GiNpvith

elimination of small molecule (alkene or alkan[g(glfunder the thermalysis

Gadetryerriindnin fised SnbsARAE Serrien AUf ey plesireirveinriie Ry !
(s-Tvaaridganusde e natie thenspdagitonythilie eititaiterTssiniigionc

31. WO 2005/0-12147 PCTIIJS2Q04/0379 .Pd(PR 2(H)(L.B FABA]
R S Gl B LR i evie

trie({riHy@ T y2\B)B{EBRE) 41 HriNVIs P [B(CGHBAY IS IANMABA), or
tERD@(@?&@]@%GEE)&ﬂrﬁ%%@Q&%@m%ﬁﬁ%%t%ﬁémgﬁmﬁ]
appropriate Lewis base (e.g., CH3CN) to generate the cationic hydride or
(U@utgﬂdg-Sﬁ’éag%ﬂﬂﬁbtﬁr&%ﬁpm‘(/‘élﬂ%ﬁn complexes, ferrocenium cations

such as [(CsHs)Fe]™ and [(Cs(CHs)s)2Fe]” are also useful as the cation in
the WCA salts of the invention.

[0090] Advantageous WCA salts having a weakly coordinating anion, such
as described under Formulae H', Il and IV, include lithium (etherate)zs
tetrakis(pentafluorophenyl)borate (LIFABA etherate),
dimethylanilinium tetrakis(pentafluorophenyl)borate (DANFABA), and
sodium tetrakis(3,5-bis(trifluoromethyl)phenyl)borate. Other
advantageous WCA salts include lithium triflimide or Li[N(SO,C4Fs)2],
lithium bis(pentafiuoroethanesulfonyl)imide [LIN(SO2C2Fs) 2];
lithium 1,1,2,2,2-pentafluoroethane-N-[(trifluoromethyl)sulfonyl]
sulfonamide [N(SO2CF3)(S02C4F4)],
lithium tri.s(trifluoromethanesulfonyl)methane anion (LI[C(SO2CF3)s]),
Li[A(OC(CF3)2Ph)4], and Li[A{OC(CFa)2CeH4CH3)4.

[0091] Yet other useful WCA salts in accordance with embodiments of the
preéent invention include, but are not limited to, lithium
bis(trifluoromethylsulfonyl)imide, lithium
tetrakis(3,5-bis(triffluoromethyl)phenyl)borate, dimethylanilinium
tetrakis(3,5-bis(trifluoromethyl)phenyl)borate, lithium
tetrakis(2,3,4,5-tetrafluorophenyl)borate, lithium
tetrakis(pentaﬂuomphenoxy)borafe, lithium
tetrakis(3,4,5,6-tetrafluorophenyl)borate, lithium
tetrakis(1,2,2-trifluoroethylenyl)borate, lithium
tetrakis(4-tri--propylsilyltetrafluorophenyl)borate,

33



~~C IB(CsF5)4] HNMe Ph [B(C F )]cj [DNMe2Ph7IBIC6F5)41 C~CH,
iI8(CEF5)41 CYP N[z]ss4Pd[cY3K_N sH Pd,PCy, CH3CN X--\-O
WO QM3CN14Pd' PCy} [0086] Representative Pd(O) species incluge;riuk 2 /037983
not limited to, Pd(ERS3),,, where n =2, 3, or 4; Pd2(dba)3. Selected
species include, but are not limited to, Pd2(dba)3, Pd(PPh3)4,
Pd(P(o tolyl3)4, Pd(P-i-Pr3)2, Pd(P-i-Pr3)3, and Pd(PCy3)2, The Lewis
base maﬁbe selected from any of the Lewis bases defined for, the

PSR ARS RIS AR SV G B S S A LRE qBinEY RUBHRE thium
(e@mtmﬁmatsietthamenmztnetﬁau@fdhewea}dyomrryr)atmg] ahEm_yl]

f d
e e G R R i
effudp Zdiifinngreation) WrenyHtionade afithikati metal, an alkaline earth or
t@ttrré"fﬂé'[t Prﬁeia‘ﬂnmﬂ% 1595, Q%'@ﬁﬁlﬂﬂ%ﬁ?@?&/ﬁa@%&w O viT-

number of times the cation complex (C) and the’ weakly - coordinating

ShiEHRmEhuNRNL) YARpERIR JiShiaa daterkis(Bamiatid arePrfdbttbnic
zghacmeacm thmgwetaﬁ(wmm@mphwwdﬁk@ﬁlmﬁtﬁéﬁ@tlmmlude

tal ted f li di t bidi d
ey M el el iB e 2 metals selectsd
t&mkt&(mﬂitms(mﬁgnesmmhszamﬁnylWGmlumeahﬂwhanum Transition
rmﬁw fadl ?éﬁlﬁﬁjg Fﬁeqnifl? ﬁat‘gHYﬁhLﬁﬂd thallium. [0089] The
ro

organic group cation IS selec m ammonium, phosphonium,

RiakBchRfrieicrsmangnd (?ﬁ@@ﬁ?eif@d[NH(R(K@a}@ 'TRRAEYAJIB (O2CeFa)2]),

dRRRGO LR EN4k (PRI Sr ApReiRTI3Rike, Where R30
mdelk)nendentl% represents a hydrocarbyl, silylnydrocarbyl, or

ch 32 WO 2005/042147 PCT/US2004/037983
teiomsanyilzgnhrtorZdrogigicakat(res i afitemgathéngl )imeaitebranched, or ring

@qoms aﬁgﬁw Lﬁ}?ﬁg} Yém%%ﬁg‘gg{ﬁatlvlg%&dj 90{35/1955‘

lg%l(&%@lﬁdecbtl@a’ré‘ hotyialcd il (PELE Em):l%ﬁac?néd(@i:ﬂﬂ@]alkyl,
L%?é@&YPQQ&%ZUQaﬂé@(@#?@%hsﬁ@@ﬁ%@ké%@%%@

cycloalkeny
Monomers

[0092] The proinitiators of the present invention are suitable for the
preparation of a wide range of polymers comprising cyclic repeating units.
The polycyclic pblymers are prepared by the addition polymerization of a
polycycloolefin monomer(s) in the presence of a catalytic amount of a
single componenf proinitiator of Formula | As defined herein, the terms

"nolycycloolefin", "polycyclic", and "norbornene—type" monomer are used
interchangeably and mean that the addition polymerizable moriomer

contains at least one norbornene moiety as shown below:
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C6-C24 aryl, and C7-C24 aralkyl, and organometallic cations. The organic
cations are selected from trityl, trimethylsilylium, triethylsilylium,
tris(trimethylsilyl)silylium, tribenzylsilylium, triphenylsilylium,
wo tieyolghexylsilylium, dimethyloctadecylsilylium, and triphenyeeriesyeny 037983
(i.e., trityl). In addition to the above cation complexes, ferrocenium cations
such as [(C5H5)2Fe] and [(C5(CH3)5)2Fe] ' are also useful as the cation
~in the WCA salts of the invention. [0090] Advantageous WCA salts
[0093having aiwvgakhbt padydindiingamnitnesuithasrdesdidred undeasiéyasioulae

t, Il and.lV, in e Jithium, (etherate tra
Mo e U e A BR e ek R ARk ene-
ThedeurispdatireohRenyiiverer (D ANRABR) ia¢iddsoprnene,
subitatHRerhistiamel e IYbele Lbeh ABARAREHEHYCA

salts include lithium tritimide or Li[N(SO2C4F9)z], lithium
cyclitsgasivaiverierari SR ARdRg IMORTRE Aesfoins gljlgast one
norBolrikAd pesialiuaiesinanedir grduncisethyhsudfenytinggionamide

LN‘SOZCFS OZ%Fs)hJith'um tris(triflyorometha esulfong/nyetpane
o B HD 28R A Rer DRG] e @ perican
hydrdjed (OY @ESINATSHAL) 198 1 pdodatenctimral safa WG Kalks in
conBERRAIEANER WD SRR Rirhgd H’ﬁ‘?&%Uf%YﬁQHQQHYbC%%%% A€

not limited to, lithium bis(trifluoromethylsulfonyl)imide, lithium tetra
are gRpses edaRIo oM NhERYPorate, dimethylanilinium
tetrakis(3,5-bis(trifluoromethyl)phenyl)boratg, lithium
tetrakis(2,3,4,5-tetrafluorgpkehyl)batate Aithium
tetrakis(pentafluorophe £ 3
tetrakis(3,4,5,6-tetraflug
tetrakis(1,2,2-triffuoroethytes
(4-tri-i-propylsilyltetrafl uoroph
PCT/US2004/037983 lithium
whéﬁ‘ér@&-%ﬁ&sﬁngléegﬁﬁgz%y&{emﬁ%ﬂaamh@myibbﬁﬁatﬁydg baetalra
kis[3,5-bis[1-methoxy-2,2,2-trifiuoro-I-(trif luoromethyl)ethyl|phenyl]
repISSEnts RIIMATSRHRYA [&'—?ﬁ@@\%&%ﬁ,@?ﬁiﬂﬁmom-P—@r’?ﬂ%?@ﬁfe%ﬁfﬂ' 0

to 5, and when "a" is a double bond one of R*, R* and one of R¥, R* is

not present.

e, lithigm
borate] i igm tetrakis
nyl )bégatd; 33 WO 2005/042147

[0094] When the substituent is a hydrocarbyi group, halohydrdcarbyh or
perhalocarbyl group R*' to R* independently represent hydracarbyl,
halogenated hydrocarby! and perhalogenated hydrocarbyl groups selected
from hydrogen, linear and branched C4-C¢ alkyl, linear énd branched, Ca-
C+0 alkenyl, linear and branched C4-Cqp alkynyl, C4-C42 cycloalkyl, C4-Cq2
cycloalkenyl, Cg-Cqz aryl, and C7-Cz, aralkyl, R*' and R*? or R*® and R*
can be taken together to represent a C4-C1q alkylidenyl group.
Representative alkyl groups include, but are not limited to, methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, neopentyi,
hexyl, heptyl, octyl, nonyl, and decyl. Representative alkenyl groups
include, but are not limited to, vinyl, allyl, butenyi, and cyclohexenyl.
Representative alkynyl groups include, but are not limited to, ethynyl,
1-propynyl, 2-propynyl, 1-butynyl, and 2-butynyl. Representative
cycloalky! groups include, but are not limited to, cyclopentyl, cyclohexyl,
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ethyl]-5-(trifluoromethyl)phenyl]borate, lithium tetraki s[3-[2,2, 2-trifiuoro-|
-(2,2,2-trifluoroethoxy)-1-(trifl uoromethyl)ethyl]-

WO 0 q[dﬂmnpmethyl)phenyl]borate lithium tetrakis(pentafluoroppg’)oo4/037983
Pmlnate lithium tris(perfluorobiphenyl)fluoroaluminate, lithium

(octyloxy)tris(pentafluorophenyl)aluminate, lithium
tetrakis(3,5-bis(trifluoromethyl)phenyl)aluminate, lithium
methyltrls( entafluorophenyl)aluminate, lithium

a”dt%fé%’?s% HRFHIHRN B 2 BERrEREBIME- R @EPRT dRsiude, but are
not (In{BEQ2COpKIYY, dimpetinyg aaiiniamiteicakig(parépiussonbanyibarae
Ph][B(OC5F5 4

groq ql\éll)}émngoéﬁﬁ({'ec%?a%sf(%gﬁf)afﬁj%nrgﬁhenyﬁ!)Bgr% gthy g

Rep(feHentesi{B (@00iEs)1]) ArifARO DEBFEE) 2Pedaylidenyl, and sthylideny!

gro l}ﬂ [AI(OC(CF3)2C6H4CH3)4, LIi[AI(OC(CF3)2C6H4-4-t-butyl)4],

Li[AI(OC(CF3)2C5H3-3,5-(CF3)2)4],

[0095]LiI[ATE(BE3IRE G2 bRy (CFS) B)¢]-g eoup B[ A(O G PREB)20gRBRITJ

phel{PRRSIR IR IO RBIR AL e R SABLIBY ellan fasuitable
for the preparation of a wide ran ge of polymers comprising cyclic

inveRihaRg Uﬁﬂ§r I BBRRSA IR erihgriopragaredOythw Baestidn s
a h@@@@ﬁ%&@%@%@ﬁ%@@%ﬂ@d@éi@é@ﬁ@@%ﬁ inrheegesastce of £0.

Use@talgéré lﬁ%%?%] t of S|lngle congggfr%r;t’? H\égat ;%(HgFo;rr?(;Jla | As
perflinomryoretbyd- Wélhmmﬂhﬁrmeﬂumdpmteyhfm@lem&o@bam raadn that the
I ' , '
R T N A e
and gm&&bgwmgfdhﬁdﬁaﬁfém fanihedititieisabsiitiiet wito hioert,
and @&xﬁm{aﬁdlhepta&wsnaqmmsmw §f§U§§ W%@MWC R%F@ﬂn
r

norbornene-type monomer is meant to include norbornene, su stltuted
9roURStbornene(s), and any substituted and unsubstituted higher cyclic

[0096]deW@é'H 9 dNesRabse ﬁ%@ﬁ@(%éh@ TRPANGH SONREHALIRARORE R

norbornene or substituted norbornene moiety. The substituted,

indepsatRERS RIRS A IR FRYioRE a%ﬁ%%féc’cﬁbré%ﬁ@énﬁéﬁ)g’Bendant
-(CHYyRHO@NIDRSYbETHENHSIRSF 2 (BRIRPDIDIOYRHS| FTlsiifEnTIR ™

-(CHTBBS) B RetI AR FREMPEY, AA KRNI FERIS, [BR881R S,
where n independently represents an integer from 0 to 10 andR35
independently represents hydrogen, linear and branched C4-Cyq alkyl,
linear and branched, C,-C4p alkenyl, linear and branched Cz-Cq alkynyl,
C5-C42 cycloalkyl, Cg-Cq4 aryl, and C+-Cyq aralkyl. Represéntative
hydrocarbyl groups set forth under the definition of R*® are the same as
those identified above under the definition of R*" to R%*. As set forth
above under R*' to R*, the hydrocarby! groups defined under R* can be
halogenated and perhalogenated. The R*® radical represents a moiety
selected from -C(CHa)s, -Si(CHa)s, -CH(R¥YOCH,CHa, -CH(R*YOC(CHa)s
or the following cyclic groups:
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are represented by the formula below: m where "a" represents a single or
double bond, R3' to R34 independently represents a hydrocarbyl or
functional substituent, m is an integer from 0 to 5, and when "a" is a

WO zq%plgltgqnd one of R31, R32 and one of R33, R34 is not ppesens2i0094h9s3
When the substituent is a hydrocarbyl group, halohydrocarbyl, or
perhalocarbyl group R31 to R34 independently represent hydrocarbyl,
halogenated hydrocarbyl and perhalogenated hydrocarbyl groups
selected from hydrogen, linear and branched C1-C1o alkyl, linear and

branched, C2- CTIU glkeny d'6 sOChe e ik c4-C12
cycloalkyl,-C A%\ cloagk ‘ aryh-a , R31
and R32 or R /R34 Cg ‘ [ @ -Clo

alkylidenylpgroup. Reptes
to, methyl, ethyl, propyl, isopk8pyl, butyl, isgbutyl, sec-butyl, tert-butyl,
pentyl, neopentyl, hexyl, heptyl, octyl, nonyl, and decleRepresentative
alkenyl groups include, but are not limited to, vinyl, allyl,. butenyl, and
cyclohexenyl. Representative alkynyl groups include, but are not limited

Q

to, ethynyl, 1~prop 2-propynyl, 1-butyn utynyl.
Representative «@ | groups i e, but afe not lifnited to,

cyclopentyl, cycla 85 WO 2 03/042147 PGT/US2004/037983 and
cyclooctyl substituehts. Representative/aryl group#r¢lude, but aré not

limited tg, phenyl, naphthyl, and anthracenyl. Representative aralkﬁ/l
WhstipSinclaRE SR iarEMBPRARCRS @B IBeAs A" BranahesktfyrCs) alkyl

d?@@peseiihaﬁgé@a%%w@m@wa}i]@flﬂsﬁ]qeemgt,hgﬁ?lpwli-prfb?thhﬁﬂ?wl
e LA S e G Y T A T

sisgfalbn mlddiriawaamj_eqtm@ fioeatioe byatichpd aps ihdi/@aﬂeg fbemdsition
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an integer of 1 to 10. Useful perfluorinated substituents include

"peifiatrpHEAS1, | peefbyrdnteiah prviius R pRrmeshanpgpbornyl,
MHWPQ@M@MWI, tetrahydrofuranyl, tetrahydropyranoyi,

3-oxocyclohexanonyl, mevalonic lactonyl, 1-ethoxyethy!, and 1-t-butoxy
ethyl.

[0097] The R radical can also represent dicyclopropyimethy! (Dcpm), and
dimethylcyclopropylmethyl (Dmcp) groups which are represented by the

following structures:

—C—H ,and —C—CH;
A L,

[0100] In Formula IV above, R*' and R together with the two ring carbon
atoms to which they are attached can represent a substituted or
unsubstituted cycloaliphatic group containing 4 to 30 ring carbon atoms or
a substituted or unsubstituted aryl group containing 6 to 18 ring carbon
atoms or c.ombinations thereof. The cycloaliphatic group can be
monocyclic or polycyclic. When unsaturated the cyclic group can contain
monounsaturation or multiunsaturation, with monounsaturated cyclic

groups being found useful. When substituted, the rings contain
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perfluorohexyl. In addition to the halogen substituents, the cycloalkyl, aryl,
and aralkyl groups of the invention can be further substituted with linear
woangslonanched C1-C5 alkyl and haloalkyl groups, aryl groups ana/us2004/037983
cycloalkyl groups. [0096] When the pendant group(s) is a functional
substituent, R31 to R34 independently represent a radical selected from
-(CH2)"C(O)OR35 -(CH2),-C(O)OR35, -(CH2)"-OR35,
mokoEahsRE B oMU MEIRBREHEIR Ih ik s QLEBSR are
~ -(CH2)"SIR35, -(CH2)"Si(OR36)3, and-(CH2),C(O)OR36, where n
inqdegeseianibssssieddrrimhvAtoganireetan® Brrnried fadperlidhty
linERraserisdisiiogedy-heasiaatkhrancbed L5t Gldhatkel dinaay aRdxy,
ranched, C2-C10 alkenyl, linear apd branched.G2-C1Q.alkynyl, C5-C12
hag%ﬁorhll%ﬂ C 8%‘-%'1%5?% t%ﬁnéc{ ‘?f'-c Al 'ﬁé]ﬁiapreggéﬂéivg a#y%?o%é(r%?/l
togptharstedofontthendizateetdefihiion ofRE6 (C¢MeCEEMEaswiicbevhen
tareniindabayaindernine defintian AT Rh AR aHiAS Bl AR d
under'R31 to R34, the hydrocarbyl groups defined under R35 can be
formaB Raay et En¥B§EN K@ rraeer Y5 aadaTRIpRISER R AR SENH P

PP A el (R A st

- or the following cyclic groups: A

CriSern AR 7 Hr SRR LLENE RYRTIER B3 M Por

behranched (C1-C5) alkyl group. The alkyl groups include methyl,.ethyl,
propyl, 1-propyl, butyl, 1- butyl, t-butyl, pentyl, t-pentyl and neopentyl. In

the above structures, the sipgle bond he projecting from the cyclic

groups indicates the posi ‘o‘ c cyclicl roup is bonded to the acid
" substituent. Examples p " idclude ‘?methyl-l-cyclohexyl,
isobornyl, 2-methyl-2-isoketnyt; Qyl-2-adamantyl, tetrahydrofuranyl,

tetrahydropyranoyl, 3-oxocyclohexanoryl, mevalonic lactonyl,
1-ethoxyethyl, and 1-t-butoxy ethyl. [0097] The R36 radical can also
whengaa ds i dpErssobPmER9I ¥pcpm), and dimethylcyclopropylmethyl

Dmc roups whic e represented by the following structures: -C -H ,
énd _%)H% P p‘o vmeFrJrrzatelon oPXﬂonomers g

[0101] The polycyciooiefin monomers of the invention can be polymerized
in solution or in mass. A catalytic amount of the preformed single
component proinitiator is added to the reaction medium containing at least
one polycycloolefin monomers. Exemplary polycycloolefin monomers are
set forth but not limited to the monomers identified supra under formula 1V.
The proinitiator of the invention is added to the reaction medium
containing the desired monomer or mixture of monomers and allowed to
polymerize at the appropriate proinitiator activation temperature (i.e., the
temperature at which the proinitiator begins to initiate the polymerization
of monomer). If latency is desired, the temperature of the reaction
medium must be kept below the activation temperature of the particular
proinitiator employed. Exemplary activation temperatures can range from
about ambient room temperature to about 250 °C. In another embodiment
the activation temperature ranges from about 40 to about 180 °C. In a
further embodiment the activation temperature ranges from about 60 to
about 130 °C, and in a still further embodiment the activation temperature

is 100 °C. One of ordinary skill in the art can readily determine the ideal
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|~ CH3 [0100] In Formula IV above, R31 and R34 together with the two

ring carbon atoms to which they are attached can represent a substituted

or unsubstituted cycloaliphatic group containing 4 to 30 ring carbon
WORBME-BA43 substituted or unsubstituted aryl group containing -/ UB 37983

carbon atoms or combinations thereof. The cycloaliphatic group can be

monocyclic or polycyclic. When unsaturated the cyclic group can contain

monounsaturation or multiunsaturation, with monounsaturated cyclic

b d bstituted, th tain 37 WO
T S TS AL B3 TS LIS RUOR S P ATELR ion
wdvearson tideus liizstitutregpeoinge peadtivity .satectbd framdmerdgen,

ms&mggr}g,bm%%%gr%%ﬁx'smyéan%rtﬁ@%mgb%t%n% AR M h out

inear branched Ci-C5 alkoxy, halogen, or com |nat|onst ereof. The
Hleg eRBrimentedioBan be taken together to form the divalent bridging

e L L T

oms to ey are-att orm a pentacyclic ring, w ere

FpreSsiio RN RR A ERIH ST hergiigingiRederaparrRRBaPEdhacted
vomdbLiienci balearamieat Auhbranghedttrt Copbarlyasdmo-C18

aryl. A representative structure is shown in below: where m is an integer

S Aol o AbRUHIEL B5 R BERRHR To om

teoneraiwef(ihe, inventorbcag) be polymerized in solution or in mass. A
catalytic amount of the preformed single component proinitiator is added

[0103%he }Qe{%‘i‘%ﬁm%ﬁlmeﬁrﬂémﬁdrﬁﬁgﬁgp OFEEHUNR P IBGBAR o fomers.

Eocﬂm@ﬁty p@dm/cim)leﬂamﬁmﬂwwel nseh&aﬂl)l bhipioyimi@ade them
nder formu e r0|n| r of the

|nven %%Iqssé(é to %ne traé:’;écgod%%n !ﬁer e alnlng?Hé c}'eswecc)inomer to

mormtwéporaﬂmrrr@NYﬁdnermms‘mm aﬂmwéd 6. @yintriabettHO0:1. In

RO IALBIOIHEIAT AR YAURBHRIPRS SR dLtor R GNE Bhg e

which the proinitiator begins to Initiate the polymerization of monomegB

fa@@habwaéargeotﬂéqﬁaéita‘i% bfIRE iBalGbANABEILAMRREIBEN
keiovisthe aetigationdemperature of the particular

[0104] Pressure has not been observed to be critical but may depend on
the boiling point of the solvent employed, i.e. sufficient pressure to
maintain the solvent in the liquid phase. The reactions are preferably
carried out under inert atmosphere such as nitrogen or argon.

[0105] In an exemplary embodiment of the invention, the polymers formed
have a weight average molecular weight (Mw) of from about 150,000 to
about 1,000,000. The molecular weights being measured by use of a gel
permeation chromatograph (GPC) using polynorbornene standards (a
modification of ASTM D3536-91). Instrument: Alcot 708 Autosampler;
Waters 515 Pump; Waters 410 Refractive Index Detector. Columns:
Phenomenex Phenogel Linear Column (2) and a Phenogel 10° A Column
(all columns are 10 micron packed capillary columns). Sampiles are run in
monochlorobenzene. The absolute molecuiar weight of the
polynorbornene standards was generated utilizing a Chromatics CMX 100

low angle laser light scattering instrument.

[0106] If desired, the molecular weight of the polymer can be controlled by

mixing an a-olefin chain transfer agent such as is disclosed in U.S. Patent
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proinitiator employed. Exemplary activation temperatures can range from
about ambient room temperature to about 250 C. In another embodiment
WO thesastivetion temperature ranges from about 40 to about 1880T/Up2804/037983
further embodiment the activation temperature ranges from about 60 to
about 130 C, and in a still further embodiment the activation temperature
is 100 C. One of ordinary skill in the art can readily determine the ideal 38
WO 2005/042147 PCT/US2004/037983 activation temperature to employ
i@l bBGHE Pattieudarineinitizdds cbanednsdmiiizdeld thergionnnieference.
RS RS O I 0. RGH alFL conRRalin pRIRYEr Bt

polymerization reaction without undue experimentation. [0102 e

e rfejemiarbireratevieasiigrepYirn grol kiR MO nveren sompeisinen 1-

eRRheeandatl Ry [seHEng thedepnekatdreplithocrsamrasiion to below

ambient room temperature. Typically, such temperatures range from

about -150 C to about just bealaivpiehiccess temperature (i.e., about

15 C). &[0103] In one embodiment of the invention, exemplary monomer to
[019Finititic PRAWUAR LrPRERENIER RAMTIGHFATIRA AR Sa TR SFraiRd cut

abawdding, a0dksite @it Qednlparrethpratnibatinens Satuemomer to

RIDYAIALD, ratio Snr‘?B'r"é{e%{%rﬂ.?sz%%m ADoUt 10,0001, 10, ABQUL A0 1, 1),

afurther emrBoalment, h&'Kionemer 1 proinletlator T e%p%yed range
Forhainarspibeca oL@ @itrs00ohanih ithges cinetiaaogdm flionemtthgt 10
EB%M%%%%@%MQ&P%PJ %%W&H@Péf}ﬂ#%%ﬁﬂ&hﬁﬁ%daﬁwﬁzo to

critical but may depend on the boiling point of the solvent emg_);(%eq, i.e.
larpg!s

3R preirearesihintiistHesteiR APBIRRMI BFRIS added

f6apkonD AN Iablyn Caldae AtdMARIdNAT RIMGBARRIESUChsHred ) to
nitrogen or argon, [0105] In an_exem Ia{;é embodiment of the inventi%n,
Stk THO0Y R ER I HRAAIEN SRSRE S SETRRRG T

[o108 M a@?&f@@%@eﬁ?@%ﬂt@@%&%ﬁﬁﬁElm{%ia?gfci:ﬁBtﬁc_hé?,ilﬁﬂt are
measure u ol age ermeation cnromatogra usin
BBk IBHSHiEna KAt DA FRRARS A ST S THA D38 RSGIFRE - hexane,
hsttanesnandlcgtitd Ratesarajalgenated alkane solvents such as

dichloromethane, chloroform, carbon tetrachloride, ethylchloride,

1,1-dichloroethane, 1,2-dichloroethane, 1-chloropropane,
2-chloropropane, 1-chlorobutane, 2-chlorobutane,
1—chloro-2-methylpropane, and 1-chloropentane; aromatic solvents such
as benzene, xylene, toluené, anisole, mesitylene, chlorobenzene, and

o-dichlorobenzene, Freon® 112 halocarbon solvent, and mixtures thereof.

Mass Process

[0109] The term mass polymerization refers to a polymerization reaction
which is generally carried out in the substantial absence of a solvent. In
some cases, however, a small proportion of solvent can be present in the
reaction medium. Small amounts of solvent can be conveyed to the
reaction medium if it is desired to pre-dissolve the proinitiator in solvent
before its addition to the monomer. Solvents also can be employed in the
reaction medium to reduce the viscosity of the polymer at the termination
of the polymerization reaction to facilitate the subsequent use and

processing of the polymer. In one embodiment of the invention, the
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Waters 515 Pump; Waters 410 Refractive Index Detector. Columns:

Phenomenex Phenogel Linear Column (2) and a Phenogel 106 A Column

(all columns are 10 micron packed capillary columns). Samples are run in
WOrMldtRIdfobenzene. The absolute molecular weight of the  PCT/US2004/037983

polynorbornene standards was generated utilizing a Chromatics CMX 100

low angle laser light scattering instrument. [0106] If desired, the molecular

weight of the polymer can be controlled by mixing an u-olefin chain

transfer agent such as is disclosed in U.S. Patent 39 WO 2005/042147
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esired single component proinitiator to a solution o ycloole
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tQ about 50 weight percent, and in another embodiment from apout 20 to
ARG SRR ARy FREPORGRASAISS I PINREAR added

tig thedichlmmontaraeluti@idibkiceactimmmetiohosoagdptate(e.g., stirred) to

%%‘?ég&%%’ﬁg'e{? mgﬁigg%}rgt%@iQi}rg%t%rrgglq[tg}]ogomer components.

ary solvents €' polymerization réaction include, but are
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dichloromethane, chloroform. carbon tetrachloride, ethylchloride,
2-9igAIRRARERE; 2 SiaiRGIARRRe MeBfoRYBbBaAdeon 112 and
arishlotepropases, 1-chlorobutane, 2-chlorobutane,
1-chloro-2-methylpropane, and 1-chloropentane; aromatic solvents such

[01 é@lbenE'éﬁéi&%%rF@,rﬁRBBﬁéf‘ Qﬁ@ﬂié?méﬁﬁéﬁ%f%kﬂéﬂ‘zéﬁéﬁ’%ﬂ‘e“tS '
ofdighlorehemnzenentiteor’ ddddiptecadae siederioabehBr XL Faithasast.
Mass Proces[sh[glo%The term mass golymer.iza jon refers,to at

ers I t e ted to the

manomers.. eq tion components afe mixed and hea
polymerization reaction .
activation temperature of the proinitiator employed. Alternatively, the
monomer mixture is pre-heated to the activation temperature of the
proinitiator and the proinitiator added to the pre-heated monomer(s). The
polymerization reaction is then allowed to proceed to completion.
Following the initial polymerization reaction, the polymer product obtained
can be post cured, if desired, to drive off any remaining solvent or un-

reacted monomer.

[0111] Without wishing to be bound by theory of invention it is believed that
post curing is desirable from the standpoint of maximizing monomer to
polymer conversion. In a mass process the monomer is essentially the
diluent for the catalyst system components. As monomer is converted to
polymer a plateau is reached beyond which conversion of monomer to
polymer is siowed or halted due to loss of mobiiity as the reaction medium
becomes converted to a polymeric matrix (vitrification) and the catalyst
system components and unconverted monomer become segregated. ltis

believed that post curing at elevated temperatures increases the mobility
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which is generally carried out in the substantial absence of a solvent. In
some cases, however, a small proportion of solvent can be present in the

WO peggtsri+hedium. Small amounts of solvent can be conveye®P{SItHg2004/037983
reaction medium if it is desired to pre-dissolve the proinitiator in solvent
before its addition to the monomer. Solvents also can be employed in the
reaction medium to reduce the viscosity of the polymer at the termination
of the polymerization reaction to facilitate the subsequent use and
deééfﬁﬁﬁtaf‘fﬁérbﬁlﬁrﬁé??r I BrieingdamiBR o theriReBN B OhE a0
KYVEN 2015/ 64 Py RET/US2004/037983 amount of solvent that can be
present in the reaction medium ranges from about O to about 20 percent

[01G\%Ight'Bé‘rEH?ﬂFiiWﬁﬂb%r?értﬁﬁ]BB%‘?r‘ﬁ'éHE‘ﬁ%ﬂﬁi%H‘Lﬁtc?{BPABQSL& %Efaﬁiv
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ercent, based pn t eight,of t onamer(s) present in the reaction
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aromatic sol\r/%%nts such as benzepe, Xélene,_toluene_, {ﬁesitylene,

t@rﬂb‘?SBaé[Hfg Hrﬁ?ﬁjaogafdsﬁef SHERSLf %B’H&B@é% " solvents such as

[01F330N(R $dRiBehuBMERENerend [HLENT eveiRagky CARPAIeatageous
roinitiator in accordance with embodiments of-the present inyention is
f&’dﬁ%l? 1R FXGPES oA SREKDY ﬁ‘ﬁ?fﬁ’ﬂ@%‘l‘”&&%ﬂ?b?@!tfﬂeef/fa%étion

colypenizatiscar énnbisttdrandsheatbd dtutien acticsitbors teAnpapatopraftéhasolar
R&“EP&BER*BR'%X%Qsé'&?%?%‘k?&y oIS %@%Wgarn%ﬁ@éﬁ.'t% ?ISHQ(@}QP o
the activation temperature of the "proinitiator and the proinitiator added to
priei piéakratee MohdWEd)y: R e e rpdniiadanaisoln ibectrior dhéhlalpied
POPEP GRRMA SRR IM & alopdtniam 8 Rl PRImE TZagepfenstigns the
polymer product obtajned can be post cured, if desired, to drive off any
YA SA '¥8|98Fﬁ 8F {hthe range of 1 to 10 molar equivalents for other
embodiments. Advantageous WCA salts ([Cle[WCA]4) are found to
include lithium(diethyl ether); 5 tetrakis(pentafluorophenyl)borate,
dimethylanilinium tetrakis(pentafluorophenyl)borate, dimethylaniiinium
tetrakis(3,5-bis(trifluoromethyl)phenyl)borate, H(OEt,),
tetrakis(pentafluorophenyl)borate, tetrakis[4-methyl)- a, a-
bis(trifluoromethyl)benzenemethanolato-kOJ]aluminate, sodium
tetrakis(3,5-bis (trifluoromethyl)phenyl)borate, trialkyl and
triarylphosphonium tetrakis(pentafluorophenyl)borate, and trityl

tetrakis(pentafluorophenyl)borate.

EXAMPLES

[0114] The following examples are detailed descriptions of methods of
preparation and use of certain compositions of the present invention. The
detailed preparation descriptions fall within the scope of, and serve to
exemplify, the more generally described methods set forth above. The
examples are presented for illustrative purposes only, and are not

intended to restrict or otherwise limit the scope of the invention.
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reacted monomer. [0111] Without wishing to be bound by theory of
invention it is believed that post curing is desirable from the standpoint of
maximizing monomer to polymer conversion. In a mass process the
WORMIHERTs essentially the diluent for the catalyst system CoORQXITIENISL/037983
As monomer is converted to polymer a plateau is reached beyond which
conversion of monomer to polymer is slowed or halted due to loss of
mobility as the reaction medium becomes converted to a polymeric matrix
(vitrification) and the catalyst stystem compaonents and unconverted
monorfePBMRIGHd 40g RIERRREIPR of frNAd WH pRRles g e ERORed
temperatures increases the mob| 200 5/042147
PCT/USZOO4/037983,_.QE (?.J gﬁtg@ fgﬁ%m>§ Wlng for the further
bo

conversion of monomer to po ymer [011 Aents of the present
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temperature to a maximum temperature during a desire curing

Boetes i Peerod)tqoad fyeusbnseleftbBainidats EPmhecpisaden il Hition,

ﬂlt?a@@YB@@Bﬁ%ﬁxé%W@%@%ﬂ&Wé@ 9 2Rakly 6PRESIRAEEGANIAN )
salt to effect polymerlzatlon in both mass and solution reactions. An

aRprapratel NG seliany B L ve o UiRiad of WBAKK)-cHBRRd i aRRRNes
66k 1 waljastidnd rizoinitiaion 4. iG] PAGA]d 51 pjoimitaR Y sain MR

n I re ts for, S0 n h
(B BDRRE (5 ARG o1 1 e Sangecar a1 40 S - C-
@NM&]@J@?%% &Abdiments. Advantageous WCA salts
(IC]e[WCA]d) are found to include lithium(diethyl ether)2 5

tetrakls(pentaﬂuorophenyl)borateExa an|I|n
- tetrakis(pentafluoropHerATSBHAR, ikt R )3)2
k f thyl
i RS S %é?é%@ﬁ?ﬁ%@ﬁ%?m%ﬁ% addition funnel,

a reddish brown suspension of Pd(OAc), (5.00 g, 22.3 mmol) in CHxCl,
(50 mL) was set to stir at =78 °C. The addition funnel was charged with a
CH,Cl; solution (30 mL) of P(Cy)s (13.12 g, 44.6 mmol) which was then
added dropwise to the stirring suspension over the course of 15 minutes
resulting in a gradual change from reddish brown to yellow. After 1 hour

of stirring at —78°C the suspension was allowed to warm to room
temperature, stirred for an additional two hours and then diluted with
hexanes (20 mL). The yellow solids were then filtered off in air, washed
with pentane (5 x 10 mL) and dried in vacuo. A second crop was isolated
by cooling the filtrate to 0 °C and filtering, washing and drying as
previously described. Yield 15.42 g (88 %). NMR data: TH NMR (8,
CDyClp): 1.18 - 1.32 (br m, 18H, Cy), 1.69 (br m, 18H, Cy), 1.80 (br m,
18H, Cy) 1.84 (s, 6H, CHa), 2.00 (br d, 12H, Cy). *>'P NMR (8, CD2Cl»):
21.2 (s).
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bis(trifluoromethyl)benzenemethanolato-KOJ]aluminate, sodium
tetrakis(3,5-bis (trifluoromethyl)phenyl)borate, trialkyl and

wotbesiphesphonium tetrakis(pentafluorophenyl)borate, and tritybrus2004/037983
tetrakis(pentafluorophenyl)borate. EXAMPLES [0114] The following
examples are detailed descriptions of methods of preparation and use of
certain compositions of the present invention. The detailed preparation
descriptions fall within the scope of, and serve to exemplify, the more
generally described methods set fx#imphbege. The examples are

presented for illuBtedivahonpelbaansip déeCateBngi(R(@yidRd to restrict or
otherwise limit the scope of the invention. 42 WO 2005/042147
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yellow solids which were filtered off (in air), washed with hexanes (5 x5 -
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funnel was charged with a CH2CI2 solution (30 mL) of P(Cy)3 (13.12 g,
44.6 mmol) which was then Example 4

Preparation of Pd(OAc)2(P(Cp)s)2

[0118] In a N2 filled flask, a reddish brown suspension of Pd(OAc). (2.00g,
8.91mmol) in CH,Cl, (~25 mL) was set to stir at -78°C. With a cannula,
P(Cp)s (4.25, 17.83 mmol) in CH2Cl; (~20 mL) was added drop wise to the
stirring suspension over the course of 10 minutes fesulting in a gradual
change from orange brown to yellow. The suspension was allowed to
warm to room temperature and stirred for an additional 1 hour.
Concentration of the solvent (~ 5 mL) followed by addition of hexanes
(~15 mL) afforded yellow solids which were filtered off in air, washed with
hexanes (5 x 10 mL) and dried in vacuo. A second crop was isolated by
cooling the filtrate to 0°C and filtering, washing, and drying as set forth in
Example 3. Yield 4.88 g (85%). NMR dlata: "H NMR (8, CD,Cly): 1.52 -
1.56 (br m, 12H, Cpa), 1.67 - 1.72 (br m, 12H, Cpa), 1.74 (s, 6H, CHs),
1.85-1.89 (br m, 12H, Cps), 1.96 - 1.99 (br d, 6H, Cp3), 2.03 - 2.09 (br m,
12H, Cps). *'P NMR (8, CD2Cly): 22.4 (s).
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added dropwise to the stirring suspension over the course of 15 minutes
resulting in a gradual change from reddish brown to yellow. After 1 hour
of stirring at -78C the suspension was allowed to warm to room
WO temsparatare, stirred for an additional two hours and then dilutechvig2004/037983
hexanes (20 mL). The yellow solids were then filtered off in air, washed
with pentane (5 x 10 mL) and dried in vacuo. A second crop was isolated
by cooling the filtrate to 0 C and filtering, washing and drying as
previously described. Yield 15.42 g (88 %). NMR data: 1H NMR (8,
CD2CI2): 1.18 - 1.32 (br m, 18H, EyprmBte@r m, 18H, Cy), 1.80 (br m,
18H, Cy) 1.84 (s, 6HteRaRtipOfdrd(@26C B REYNIKR (0, CD2CI2):

1 2 (). 4 200 A7 P S2004/037983 Example 3
0P O GERe Pt S oI (e SRR GH-Ce (10
(hBpB8ay 1 A4St hie ) nftastistier ssoiiheGid 2¢ R e(fashlyas adfedrto -78
) t e the, f Was.c - ticre
76 i iarey, el 08 BEREh VSRR Sendh n R s
ey pRlutiena §(G 342 -#wid)sid @ Ipinbenseheda arsaninger he-78 C
A RIFRY tes R fefin L@ yhs- Sieyvane HQ7mbE s addedde the

above reaction mixture to give the title complex as a yellow solid (1.39 Q).
TRAORGIRI WSS Rierdt? WisHET<RMR heRame-(1¥am Bf der Gridle GRRye
echatieth predsuectoSyilveat yealpvesoived Tt sbddiliratefitie gide washed with

20ge S AP was e disouesin GHO AR MUY (L4
an e resulting solution was evaporated inside a tume hood to give

PEPEAH@ . difeddorbole (6 Am g rMovs §idtom: il dre395divmel), orange

230 ARRNSIFS HchRISSARIABAR AP G BB s Bntf Lo friGHTDIR 4
Preparation of Pd(OAc)2(P(Cp)3)2 [0118] In a N2 filled flask, a reddish

RO RIEFIRSIHR RAPHORL2S. g Ve JIHmEH) hecifecaoRis P

wag) Selldebliiend < SBaNjtBRCaNAHE| | (EPK (EidmdrtSCamand)srTal cd

ISP i was addeddran s o the, SUiring FysRensiahoYey Bs,
g in a gradual :

Trial 2. C 53.84, H 7.08.

Example 6
Preparation of Pd(O.CPh),(PCyj3)2

[0120] Pd(0O,CPh), (0.742 g, 2.126 mmol) was dispersed in CHxCl, (10
mL) in a 100 mL Schlenk flask, the contents of the flask was cooled to -78
°C and stirred. To the above solution was slowly added the CH»Cl» (7 mL)
solution of P(Cy)s (1.2814 g, 4.569 mmol)via a syringe, the contents of
the flask was stirred for an hour at -78°C and then at room temp for 2
hours. The volume of the reaction mixture was reduced to ca 7.0 mL and
diluted with hexane (18 mL) that furnishedthe title complex as a yellow
solid (602 mg). More of the title complex was recovered from the filtrate
by the following method. The mother liquor was allowed to evaporate
slowly inside a fume hood during which time, the titie complex deposited
as yellow powder (550 mg). Total yield = 60% (1.152 g, 1.266 mmol).
Elemental analysis Calcd for Csol7604P2Pd: C 66.03; H 8.42%.

45



change from orange brown to yellow. The suspension was allowed to
warm to room temperature and stirred for an additional 1 hour.

wo 2b@REenration of the solvent (- 5 ml-) followed by addition ofpaaxases {47983
mL) afforded yellow solids which were filtered off in air, washed with
hexanes (5 x 10 ml-) and dried in vacuo. A second crop was isolated by
cooling the filtrate to OC and filtering, washing, and drying as set forth in
Example 3. Yield 4.88 g (85%). NMR data: 1H NMR (b, CD2CI2): 1.52 -
1.56 (br m, 12H, Cp3), 1.67 - 1.7EXbrmpld ZH, Cp3), 1.74 (s, 6H, CH3),
1.85 - 1.89 (br m, 12H, C3)( QA6 (R @y idCHM &M Cp3), 2.03 - 2.09 (br
m, 12H, CEE{). 31P NMRﬁ, CD2Cl2): 22.4 (s). 44 WO 2005/042147

[01 88T/ 560%8R RS-zl BB Sp ARt Ao Rt doleR o ek §pd
{m;@[}\lF(c_i (IDZ@%RB&% édH&Mcgﬂ oﬂﬁerflé rurohuspeikspe frﬁeﬂd(ﬂuﬂxgcl(m?.s
1 L) in , conte 1 "\ cpole
% 176 AN dt Y 08 TR i e e R SR e
¢ -rddhswiagioanod W C @ied 2eseidisio hresvmmdlreivaswaigedie RT
WRREHRIRS the dagkiwas %ﬁ?f@@df%;rgﬂgg%@wgnfamiﬁ%ﬁ5@9?@ formed.

temperature for 2 hours. Hexane (20 mL) was added to the above

AeiRcRIHRRLRE tehyiteeSRYBRE WAE. reRCYSTIRY IS AT RYARRIEHEE BiteS
d=xaettEOrgdu)tang slriecsingdrenedp GadRIESEHES HaifwnisBdheditere

lex (2,48 q)., Sol ved from the filtrate tg give an or:
ORI A B oo T 0B 8 e | BETES SR o
- awvapaatbthsidathis dlmhechby ditrafiven nfose obtttbditie odmplex (380
ield. = 2,86 g.( D 67%.El ly:Si d
R B e s CL R g SIS
3024 TorigeyerabBausH TosmBighipldsosplaliesasanatir-stable yellow

RADAUEE)(PEEIBB20] Pd(02CPh)2 (0.742 g, 2.126 mmol) was
dispersed in CH2CI2 (10 ml-) in a 100 mL Schlenk flask, the contents of

the flask was cooled to -78 C anExsmpte 3o the above solution was
slowly added the CH2CIP t{ @Ag) fBI(itlor) (R3S (1.2814 g, 4.569

mmol) via a syringe, the contents of
[0122] 'In a Nz-fille flask a reddish brown suspension of Pd(OAc). (1.00 g,

4.45 mmol) in CH.Cl, (25 mL) was set to stir at —78 °C as a CHxClz (25
mL) solution of P'Bu,'Pr (1.68'g, 8.90 mmol) was added (also at =78 °C)
dropwise via cannula over the course of 15 minutes resulting in a gradual
change from reddish brown to orange. The suspension was allowed to
warm to room temperature and stir for one hour at which time the solution
was reduced to dryness leaving a yellow solid. Yield 2.2 g (82 %).
Example 9
Pd(OAc)2(P(i-Pr),(CMe3))2

[0123] In a Na-filled flask a reddish brown suspension of Pd(OAc). (1.00 g,
4.45 mmol) in CH2Cl; (15 L) was set to stir at 0 °C as a CH,Cl, (10 mL)
solution of P'BuU'Pr, (1.55 g, 8.290 mmol) was added (also at 0 °C) dropwise
via cannula over the course of 15 minutes resulting in a gradual change
from reddish brown to orange. The suspension was allowed to warm to
room termnperature and stir for two hours at which time the solution was
concentrated to apprbximately 5 mL affording some yellow solids. The

addition of petroleum ether (5 mL) afforded more solids which were filtered
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the flask was stirred for an hour at -78C and then at room temp for 2
hours. The volume of the reaction mixture was reduced to ca 7.0 mL and
diluted with hexane (18 ml-) that furnished the title complex as a yellow

wo 3aih 89 mg). More of the title complex was recovered fronptheditimteos79s3
by the following method. The mother liquor was allowed to evaporate
slowly inside a fume hood during which time, the title complex deposited
as yellow powder (550 mg). Total yield = 60% (1.152 g, 1.266 mmol).

B MENALANAT IR aIFE 98 COBH{3ARRRE 601 ¥idiel4. ¢y WO
2005/042147 PCT/US2004/4037983 Example 7 Pd(OAc)2(P

(EAcMesn2Ig B RPASSIIvRIR SRRy castinashe irats tmbh i and

ielbreiie §28 enbieanshLitBmbteHRPsmls) arasyadded dropwise to a
suspension of Pd(OAc)2 (17.3 g, 77.3 mmol) in CH3CN (400 mL) chilled

to -78 C. After 10 minutes, the cigapagientds removed and the reddish
bReaatinixtofPd(@Aokwith Trirychyhostirirtyp siitdrm(i{erP)shedd LIFABA
orange and a yellow precipitate formed. After stirring for 15h, the solvent

(01241 relRRARBIFGERPEEFRISIRM RO eusheRsiPRSfIRAEMG0-50 g,
mmmm Etﬁcm% i and)selidsseete priecipitamddnaddtivn®s (5 mL)

ly ted _
O e B R SR s A gropee
@mmeﬁ@f ﬂWm'mﬁmHﬂUbnmm 300l for chevegel ioorsedtish

E}%%Haﬂd%%dgéee‘rﬂé ah @ﬁ@mwaﬁogno%%@ {38 Fn {4-rBHmoD.-
. Example 8 Pd(OACc)2(P(i-Pr)(CMe3)2)2 [0122] In a N2-filled flask a

temperaBHER R RA SHEASTORNG PRIDAYMNtge hasahwien wasHbiersed
(a&mgh Was @st[tensném n/Afterama HaA2{ el ahRBu2 2

(1,68 90m w d (alsg at -78 C), dropwise via cannula over
il AL T SR T B o S A DR (o
brffevded marg;eolfdimwb&:;tem@m filtzes sdl @ffe o teshed rwitto pedmleum ether

r e d tlrfor one,| ho tlg solutlon was reduced
Egr;/z:nrg's Ieﬁglngayellow solid. Vﬁ]g&; r@%

Examples 11-19: Preparation of Palladium Proinitiator Compounds
without LB Adducts

Exampie 11
[Pd(P(Cy)s)2(*-0,0"-OAC)[B(CsFs)d]

[0125] Method 1: The methylene chloride solution (25 mL) of
PhN(Me)HB(CeFs)s (DANFABA) (1.025 g, 1.2793 mmol) was slowly
added to the methylene chloride solution (50 mL) of Pd(OAc)z(P(Cy)g)z
(1.004 g, 1.2729 mmol) and stirred at room temperature for 21 hours.
During the course of the above reaction the color of the reaction mixture
became deep orange. Volatiles from the reaction mixture were removed
under reduced pressure to give a paste to which was added diethyl ether
(ca 30 mlL) that resulted in the formation of an orange powder. The
orange powder was filtered, washed with acetonitrile and vacuum dried to
furnish the title compound (1.020 g, 0.726 mmol) as an air and moisture
stable orange solid. Yield = 57%. Crystals were grown by diffusing ether
or acetonitrile into the THF solution of the title compound (see Figure 2 for

X-ray structural analysis).
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Example 9 Pd(OAc)2(P(i-Pr)2(CMe3))2 [0123] In a N2-filled flask a
reddish brown suspension of Pd(OAc)2 (1.00 g, 4.45 mmol) in CH2CI2

wo 4dé30ab4wvas set to stir at 0 C as a CH2CI2 (10 mL) solutiorpoftRI$aiRr@37983
(1.55 g, 8.90 mmol) was added (also at 0 C) dropwise via cannula over
the course of 15 minutes resulting in a gradual change from reddish
brown to orange. The suspension was allowed to warm to room
temperature and stir for two hours at which time the solution was

[0126]) ceitratipad @ aplartinirantethiondeaffonlin gwesnsy yeded isdtidbe Théxture
i ff d ids whi
B T P S S A e
heicamasn($hyd and Y 35 dngridd & vaolpaivieddi t &dfof6324) oarsectimel Tiidp
j li he fil - d .isolatj o]
SR SRS RS SR st

Anidywiopeatyipho sisier 66 (2 PHE] QA (PABA D (SRIH 2 4 B)2-ited dkusie,

S B A L L R o SRR RO B
(6%brag 2462 mmol) was dnided eesbitBtiE piaymvissciormiesuIsETed

mr%rmnﬂtﬁﬁéﬁéa'{meﬁ fRANERANAS PR T dHIShIBRWALR 25330 ved

The suspension was allowed to warm to room temperature and stir for one

frenr thenHiERIBHBIRE RAUGEH RERSAKER® AYSUSHR R ¢hat WasTBREN filter
andriiedivatcHeddred S RRIPdmateisd-dndel: pARIdng prelfauredlidgividhe

ition of (4 mL) afford lids which
LSS H o s AL AAR QPR T P G BL) o
Nieldve 80 (ea8dd ) IEX i3 (CEFEY: Brepdnatibnrafd?akddiced Presstiatoto
ithout L t le 11 (R.d(P. .
W B SRS AL S S otk e Elsmense
ahiviele SolintboSatia R PRTRIIGEICERS M RENFEB AL D d;
&-88%0 M8 WasEIONE 53.29, H 5.05. :

Example 12
Preparation of [(P(Cy~d11)3)2Pd(x?-0,0-0Ac)][B(CsFs)a]

[0127] Pd(OAc)(P(Cy-d11)s)2 (111 mg, 0.130 mmol ) and p-toluenesulfonic
acid (28 mg, 0.147 mmol) were stirred in 2 mL CH,Cl; for 12 hours. A
solution of Li(Et>20)2.5[B(CsFs)4] (133 mg, 0.153 mmol) in 1 mL CH,Cl, was
added, the solution stirred for 15 min, and the mixture filtered. Volatiles.
was removed in vacuo to give [(P(Cy-d11)s)2Pd(1c®>-O,0-0Ac)][B(CsFs)4] as
a light orange powder, 0.166 g, 85%. 'P{H} NMR (CgD¢): 8 36.9 ppm.

Example 13
[Pd(KZ-O,0'-0Ac)(P(i-Pr)3)2][B(CsF5)4]

[0128] Methylene chloride (7 mL) was syringed into the mixture of
Pd(OAc)2(P(i-Pr)s)2 (378 mg, 694 pmol) and 4-toluenesuifonic acid
monohydrate (137 mg, 720 umol) and stirred for 22 hours. The *'P NMR
spectrum of the reaction mixture revealed a new peak at p = 70.1 and
other unidentified products [6P = 37.1, 54.0 (s)] and no peak was
observed for PA(OAC)a(P(i-Pr)a)s (5P = 33.0). Therefore, methylene
chloride (4 mL) solution of Li(Et20),.5 FABA (628 mg, 720 pmol) was
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added to the methylene chloride solution (50 mL) of Pd(OAc)2(P(Cy)3)2
(1.004 g, 1.2729 mmol) and stirred at room temperature for 21 hours.
During the course of the above reaction the color of the reaction mixture
wo Beeamna.fdeep orange. Volatiles from the reaction mixture wepe tamseuagh37983
under reduced pressure to give a paste to which was added diethyl ether
(ca 30 mL) that resulted in the formation of an orange powder. The
orange powder was filtered, washed with acetonitrile and vacuum dried to
furnish the title compound (1.020 g, 0.726 mmol) as an air and moisture
Siabie nmaagﬁtscﬂlifé Ailde :‘é&%icﬁmﬁbalsrwe:ﬂrgsédmww:ﬁiﬁuwagaﬂher
tonitrile mtuo the THE qut n of the title com see Fl%eg%for
5753

Qr
Pray S rucTuraFanarI]fs?sr)re BOoB104 &?}Vﬁ
[oErg]avisthd dvash ethgleies cymtbnd@t(r&/hﬂ:fpe«ra@sﬁrmgéd Ptoittgethe o se

A RAkRE&D) Zég/éﬁb?w( WA dRmad) BRkA M%Qﬂ%ﬁ‘é‘é‘){z‘%a&‘%d

monohydrate (85 mg, 446 pmol) and stirred for 22 hours. The 31P
SPEIBFIRAYCRE PERRSBFRRAIYS tBedileraRRRUNLISAEIPe: 8 pr aﬁawb

m@@wsms crb@erve@ fiar PPN RIC I B PR FaA b §kid sRie

O SPEp (OB Ao adh) LA Attt I R above

reaction mixture, stlrred for 5 mi )g‘gpﬁ g;larough the medium porosity

frit. Solvent was remﬂygg(zf@r@ t@\fél)t(p @g})}lz% q pressure to give
and d

foam that was then triturated with hexane |ed under reduced
[012¢hsure aoz;axmlasmlmmsﬁédc(ﬁﬂﬂ flagk Wh(@mibg(wecsw@)shedwﬂg 0.71

acet nltrll x3 ml-) to remaove u react 5B( )4 and dried
T AU SR R B IR e B e B R
29%ediciod Elimseined il si-Cdied tor ToR 4 co@2RIBFHiOPYas ahoeged

%%@5%r@ﬂgug 'Q'l‘t%r%ﬁ%ﬁ%‘\'éﬁtqgirﬁgélgdgrﬁ%appIQ/@Q@n color.
Example 12 Prefoaratlon 0 % éCy- )3)2Pd(x2-0,0-0OAc) ][B(CBFS)4]

Wi%?ﬁa(tﬁﬂa s jziad Mﬁf‘?ﬂ@goq & mmal) disgolved in 5
[T tp)upneadlignde deichb (26199 445 mMéweﬂmétwmdtlﬁrQW@is @hﬂ@a to

fs% ]T%r %ﬁs Asiéowtloqﬁé I§'c§|§/ 200% SLBr(grgg\%Ac'{luﬂwlg’gr géuu153 Ol)
resultlng orange/purple crystals were then redissolved in CH2Cl; and
filtered with a syringe filter. The filtrate was then reduced under vacuum
to orange brown crystais. Yield: 0.68 g (72%)
Example 15 4
[Pd(ic?~0,0"-0,C-t-Bu)(P(Cy)3)2][B(CsFs)4]

[0130] Methylene chloride (18 mL) was syringed into the mixture of
Pd(0,C-t-Bu)a(P(Cy)s)2 (448 mg, 515 mmol) and 4-toluenesulfonic acid
monohydrate (107 mg, 563 mmol) and stirred for 24 hours. The *'P NMR
spectrum of the reaction mixture revealed a new peak at 8P = 58.6 and no
peak was observed for Pd(0,C-t-Bu)z(P(Cy)3)2 (6P = 17.6). Therefore,
methylene chloride (4 mL) solution of Li(Et;0)..sFABA (512 mg, 588
mmol) was introduced into the above reaction mixture, stirred for 10 min
and filtered. Volatiles were removed from the filtrate to give a gum that
was triturated with hexane (7 mL) and hexane removed under reduced
pressure to give a yellow solid. The solid was dissolved in minimum
amount of acetonitrile (3x5 mL) and the resulting sclution was sonicated

for 10 minutes. During the course of sonication, a yellow powder
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added, the solution stirred for 15 min, and the mixture filtered. Volatiles

was removed in vacuo to give [(P(Cy-d11)3)2Pd(x2-O,0-OAc)][B(C6F5)4]
WO 285/adlighit orange powder, 0.166 g, 85%. 1P(H) NMR (CBDSBEGY4/037983

ppm. Example 13 [ P d (x2-O, O' -OAc) (P (i-P r)3) 2] [B (C6Fs)4] [0128]

Methylene chloride (7 mL) was syringed into the mixture of

Pd(OAc)2(P(i-Pr)3)2 (378 mg, 694 mol) and 4-toluenesulfonic acid

monohydrate (137 mg, 720 pmol) and stirred for 22 hours. The 31P NMR
eﬁeeﬁ@/ﬁﬁﬂ&m@%%iéﬁ?ﬁ%&ﬁec}mﬁ:ﬂe‘mWewﬁ%%@a?@ﬁ@%ﬁf ghge the
tithecomipeotitidd parugis§SB 173 dl, @457 (Rheslyl rBlpedintaaanalysis

bserved for Pd =Pr)3)2. =33.0). efore, methyle
R R AT B e gy i K BB ey o HHL w7
W& 280518421 47583CEH bisP@®4/037983 introduced into the above
reaction mixture, stirred for 5 minutes and solvent removed under
reduced pressure to give.an orarg@%‘ﬂ&.ﬁe orange solid was
sonicated with dietHh ‘13(11?1(9’@'5(9 Ef!)ﬂ’dﬁiﬁ%g%&ﬁ%ﬂ%f sonication, a

w d i [ fil d dried und duced ..
o A AR A R AR Fiens
fedid @sliediyellowsplek Bldmemalafaf)sig Tglica. 1617 mmol) dispersed in

Gy ARl 156 RT3 %itd Ao 89 %R0 Fiunghie 4R 1ot 8 reaction
Example 14 [Pd (K2-O,0'-OAc)(P(CP)3)2][B(C6F5)4] [0129] In a 25 mL

b YasRM AGSKiP d (Omb) A dpyase (8ib hrxame 11 mmb) Bsd
fetulHenes uenisratidin® ey drate dSIMaHS G amals weiehaddaehand

R e
campdarid(SELY2 ERBAIE4050gng, T3 12D distoiveiLib Field.
%E%%J}%WQEQQQS%%&W&BC%%?de‘IH‘z‘r-*ISé-FTZE‘.%S:%LAt.'QE; ,wggx,?d

to stir for 5 minutes then the solvent was removéed under vacuum. The

Fesinghd ofarfg&padidichy8id WeréEthdn b ditdoled in CH2CI2 and
oA o U S
of Pd(O2CPh)(P(Cy)s)2 (128 mg, 0.141 mmol) and 4-toluenesulfonic
acid.monohydrate (0.032 mg, 0.170 mmol) and stirred for 24 h.
Subsequently, methylene chloride (3 mL) soiution of Li(Et20)2.sFABA(154
mg, 0.177 mmol) was introduced into the above reaction mixture, stirred
for 10 minutes and filtered. Volatiles were removed from the filtrate to
give a yellow solid (0.192 mg) of the title compound which was
contaminated with trace amounts of unidentified product.
Example 17
Reaction of [Pd(OAc)(P(c-Pr)s3)l2(n-OAc)z with Li(OEt;)25[B(CeFs)4]
[0133] In a Nx-filled flask a yellow solution of [Pd(OAc)(P(c-Pr)s)l2(n-OAc)2
(0.25 g, 0.47 mmol) in CH2Cl, (10 mL) was set to stir as a CH2Clz (10 mL)
solution of p-toluenesulfonic acid (0.09 g, 0.47 mmol) was added resulting
in a gradual change from yellow to slightly orange. The solution was
allowed to stir for 15 minutes at which time a solution of
Li(OEt2)2.5[B(C6Fs)a] (0.41 g, 0.47 mmol) in CH2Clz (10 mL) was added.
The resulting yellow/brown suspension was stirred for 15 minutes and

then filtered through a 0.45 um Teflon filter and the yellow filtrate dried,
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[Pd(x2-0,0'-02C-t-6u)(P(CY)3)21[B(C6Fs)4] 10130] Methylene chloride

(18 mL) was syringed into the mixture of Pd(02C-t-Bu)2(P(Cy)3)2 (448

mg, 515 mmol) and 4-toluenesulfonic acid monohydrate (107 mg, 563

mmol) and stirred for 24 hours. The 31P NMR spectrum of IC _
WO I tévealed a new peak at SP = 58.6 and no peak was 0 /rsﬁeg‘ri\}/)tggcaf;l1k(:3—rl983

Pd(02C-t-Bu)2(P(Cy)3)2 (SP = 17.6). Therefore, methylene chloride (4

mL) solution of Li(Et20)2.5FABA (512 mg, 588 mmol) was introduced into -

the above reaction mixture, stirred for 10 min and filtered. Volatiles were

[ROPYRY Lo b fillkate C}qeq%.a%wmn%agémﬁa%t%q with .Jlnswslﬂ

f
mL) and hexane removed under reduced pressure to give a yellow solid.
The QR awiasCitSd & Inmbihifamaddre dat dPapetoniaiaiieke mixtarl of
e yasoriaeutiareaay seriaaiad: fendOiRinsiss rAdHMBe gousg of
on cz%t[lé)n, a @/g!&?\/\/ﬁ‘égorwde{ 49 WO 2005/042147 PCT/I@ZOE%/OS?QSS
HegiRtdn Wi wibresiling airte el Auosl WERIE BYietne
At cdnhpowrzd soli8O¥age 45 obam 357 mmol). Elemental analysis
Calcd for C65H7502P2PdBF20: C 53.94; H, 5.22%. Found; Trial 1. C
53.78, H 4.98. Trial 2. C 53.85 [F-#oplExtinple 16 [Pd(x20,
0'-02CPh)(P(CyJlF iRl PY(xf 101217 14N IIBIGeFIABA (162 mg,
0.203 mmol) was added in portions tp the palladium complex of Example
[0184b.1700, D9 87 ‘f’rﬁ?ﬁ()ﬁ(éﬁé)ﬁﬂ?é,gﬂ (15 -Gieth§l BireMa (NOMRULE relsks!
2bewte b @iumeds hey epsdioncmixiuseias reduceaskio 1@qnérand

diluted with_hexane (15 m]-) that resulted in the formation of a grey solid.

BHE Safitl WAIMPANRR FHHF hod (3R ERRCERD K WA R TRt Yeduced
priess g eedida wisthtitientt it ecooiptilencomspo yetbsvwsolid (avdveg, th HIRYd a

SRR Gl il el spciall BB pl AT
0180 Whestiohe 2xctbeitstehe TRONMR@nd-vap estriogehie tREPTHHONBIR

@ngg_zggq)_g(ﬁégy)s)z (128 mg, 0.141 mmol) and 4-toluenesulfonic
acid.monohydrate (0.032 mg, 0.170 mmol) and stirred for 24 h.

Examples 19a -19e
[(P(i-Prs)2Pd(x*-0,0-OR)][B(CsFs)a,

[0135] The tiﬂe series of k*-0,0'-0OAc derivatives,.19-a - 19¢, were
prepared using the following generalized procedure. 100 mg of
cis-[(P(i-Pr)s)Pd(x*-P, C-P(i-Pr),CMez)(NCMe)l[B(CsFs)s] (Example 60)

(8.7 umol) was dissolved by 3 mL CDCls; 1 eq of RCOOH was added.
Volatiles were removed after 5 min of reaction to afford powder product
which was characterized by P NMR and "H spectroscopies. For each of
19a — 19e, below, R is identified, with the weight of product and

characterization data provided.
19a R =-CF;

[6136] 10 mg CFs-COOH (8.8 umol); 98 mg 19a afforded, 92% vyield.
3'P{H} NMR (CDCl3): 8 70.8 ppm; "H NMR (CDCls): 8 1.51 (d, 9H, CH3); &
1.45 (d, 9H, CHs); 8 2.39 (m, 6H, CH).

19b R= -Cer

[0137] 19 mg CgF5-COOH (8.9 umol); 110 mg 19b afforded, 96% Yyield.
¥'P{H} NMR (CDCls): 8 75.4 ppm; "H NMR (CDCls): 8 1.51 (d, 9H, CH5); &
1.45 (d, 9H, CHa); 6 2.38 (m, 6H, CH).
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Subsequently, methylene chloride (3 ml-) solution of Li(Et20)2.5FABA(154
mg, 0.177 mmol) was introduced into the above reaction mixture, stirred

for 10 minutes and filtered. Volatiles were removed from the filtrate to
WO @Rﬂéoézylzﬂlow solid (0.192 mg) of the title compound which WHST/US2004/037983

contaminated with trace amounts of unidentified product. Example 17
Reaction of [Pd(OAc)(P(c-Pr)3)]2(-OAc)2 with Li(OEt2)2.5[B(C6F5)4]
(0133] In a N2-filled flask a yellow solution ofggd(OAc)(P(c-Pr)3)]2(-OAc)2
(0.25 g, 0.47 mmol) in LT 18 i ket stir as a cH2CI2 (10

) solution of p=to e ic AC . 47 mmal) o
[01rgétlultirgl?éj}j mgapdradﬁg%%aﬁgjge%@ y%h%v%%l%% ygoﬁgar?g%. %‘%%%qo%ié’n
wiels!. ANBH MR €I O hsintited RRWhith NMR( SBIGHoN &ff .52 (d, 9H,
é(@E@ﬁﬂQ@@Eﬁ)m? A3 g_,:,@,étqu'gpelbig)C_ZHa_Clz (10 ml-) was
a

dded. The resulting yellow/brown suspension was stirred for 15 minutes
and then filtered through a 0.49dn TRfterdgiter and the yellow filtrate
dried, 50 WO 2005/042117 PCT/US20011037983 affording a yellow
[0138dm. Yiefdd) QeHg-QO@h §S0lutool pf tA mattsidl afteded, §Biv GHILCI2

(& t C inj i f,.deqy ogen )
B e e e 3 it gD & ih
Pebdifing nfikkute oirRedi 4l genwitinCHE) niin(ies (tAREE Coldek: & Jofid (1. TH,

#h3; e obtainedy Exgmple 18 [(P(i-Prs))zPd(x2-0,0-02CC

Me3)][B(C6F5)4] [0134] 300 mg of cis-[( - -
P(i-Pr3))2Pd(,c2-P,C-P'PregdVe B (N @MOMBRICEAS)4] (Example 60) (8.7
Limol) was dissolved by 3 mL CDCI3, then 1 eq of t- BUuCO2H (27 mg)

[014Ms addengTiOddelosHaiQdHve Stivreel Yol 63 migutes afferdgdct94 %

ii@a.thﬁaﬁﬂ'glﬂlmﬁfg@w@%éﬁ%%@!? e sn Al R cspioruglcf
(P(|-_Pr3 2 d(%(Z- ,0-0 2CCMe3 BéC6F5)4_]pé2 % yield) which was
havaltdridad byohtFCimROAAPE i3pRb 642 bphed: BPHEPRIMRCIED A13):
681 @ per, Examptes 8834l 2e1, [(ByiI3)2Pd(x2-0,0-OR)] [B(C6FS5)4],

Examples 20-35: Preparation of Proinitiator Compounds with LB Adducts

Example 20
trans-[Pd(OAc)(P(Cy):)2(MeCN)][B(CsFs)4]

[0141] Thé acetonitrile (5 mL) solution of Li(Et;0),.5B(CeFs)4 (0.864 mg,
0.992 mmol) was slowly added to Pd(OAc)2(P(Cy)s)2 (764 mg, 0.972
mmol) that was also dispersed in acetonitrile (40 ml__). The reaction
mixture was stirred for 3 hours, filtered through 0.45 p filter and solvent
removed under reduced pressufe to give a solid of the title compound in
quantitative yield. Crystals suitable for X-ray data collection were
obtained by vapor diffusion of diethyl ether into the toluene or benzene
solution of the title compound at room temperature. AN ORTEP structural
representation of trans-[Pd(OAc)(P(Cy)a)2(MeCN)|[B(CsFs)4] is shown in
Figure 3. Elemental analysis Calcd. for CgsH7oNO2P2BF20Pd.1E1,O: C
53.71, H 6.44, N 0.92%. Found: Trial 1. C 54.13, H 5.43, N 0.91. Trial 2.
C 53.85, H 5.18, N 0.93.
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[0135] The title series of k2-O,0'-OAc derivatives,.19-a - 19e, were

prepared using the following generalized procedure. 100 mg of

cis-[(P(i-Pr)3)Pd(ice-P,C-P(i-Pr)2CMe2)(NCMe)][B(C6F5)41 (Example 60)
wo t80F/prial) was dissolved by 3 mL CDCI3; 1 eq of RCOOH WASTAGRPO0H/ 037983

Volatiles were removed after 5 min of reaction to afford powder product

which was characterized by 31P NMR and 'H spectroscopies. For each of

19a - 19e, below, R is identified, with the weight of product and

characterization data provided. 19a R T - 1FS [0136] 10 mg CF3-COOH
(8.8 4mol); 98 mg 19a afforded | 1P{H} NMR (CDCI3): 6 70.8
opm: 1H NMR («:%’:‘l%%'é)*ﬂ.sk‘?:gf’,%bﬁ‘,@%ﬁi%ﬁ%g%ﬁfoﬁ?%, CH3): b 2.39
[0143], 6 oCHY 1 BHHRCN-G6IE%i§0 13 7P d(0Ag BERSC OO {§7S prap (). 080
b,afferded, 96% wield, ;3AP{H} - 6, 75,4, pp;
B SEle el STl MV (RETG B e I
S o wise? fempiton Yoo /wersH s resfry 3 ot retivitarest)
sbéﬁ%@fﬁg%g@ﬂﬂtﬁ%@%ﬁ% Gaiargpsté; ﬂléﬂrénﬂmlll?%?i?g%@%i%@z%d{ﬁg "
N e YA T A N T PR A e
VO EH B9 00 Ma(@UO MBYHL OOMRY(THF XD 2Ba, 93%h yield. 331 P{H} NMR

(CDCI3): 6 69.8 ppm.'"H NMR (CDCI3): 5 1.51 (d, 9H, CH3); 5 1.46 (d,
9H, CH3); 5 2.41 (m, 6H, CH); EXdfidle 21, C6H5); 57.62 (t, 1 H,

C6HS); 5 7.92 (, RFEAHT) HRNTNCAIRIBARELF 140 13 g

-(O 6HA4- (8.5 mol); 1 9e afforded, 94%, yield. }
101430 1m (BT S5 g B R RS0 (67 S0 0 e 189 s
nigh @b, TB3y®)2:88( (el okl, @H)NS TSJS@(én&HQU)m-Bﬁ_B%.@Hj:(@_N_ZWaS
aqabldhirdd H . 2kl éﬁgﬁﬁ-iﬁéﬁ@wfééﬁfééi foFePAMHN Bfdpibiatpr
Compounds with LB Adducts Example 20
sait was filtered out through micropore filter. 0.120 g (87.0 % yieid) light
orange solid [(P(Cy-d4)3)2Pd(NCMe)(OACc)][B(CsF5)4] was obtained upon

removal of volatiles in vacuo. '"P{H} NMR (THF): 8 31.5 ppm.

Example 23
[Pd(OAC)P(i-Pr)s)2(MeCN)][B(CsFs)a]

[0144] A solution of Li(OEt:),5sFABA (0.960 g, 1.102 mmol) in acetonitrile
(10 mL) was slowly added to a stirring solution of Pd(OACc)2(P(/-Pr)z)z
(0.600 g, 1.10 mmol) in acetonitrile (20 mL). The resulting yellow/orange
solution was stirred for 4 hours over which time solids formed. The
mixture was filtered through a 0.45 um filter and the filtrate reduced to
dryness leaving a yellow solid. Yieid 1.224 g (93 %). 'H NMR (3, CDCl5):
1.38 (m, 36H, -CHs), 1.92 (s, 3H, -CCHas), 2.25 (m, 6H, -CH) 2.42 (s, 3H,
CHs). *'P NMR (8, CD,Cl): 44.5 (s). "

Example 24
trans-[Pd(OAc)(P(i-Pr)s)2(NCsHs)][B(CeFs)4]

[0145]) Complex trans-[Pd(OAc)(P(i-Pr)3)2(NCsHs)][B(CsFs)4] was prepared
by reacting [Pd(OAc)(P(i-Pr)s)2(MeCN)][B(CsF5)a] (173 mg, 0.143 mmol)
andrpyridine (48 mg, 0.60 mmol) in dichloromethane (10 mL) at ambient
temperature for 100 minutes. The volatiles were removed from the

reaction mixture to give a residue that was triturated with hexane and
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trans-[Pd(OACc)(P(Cy)3)2(MeCN)][B(C6F5)4] [0141] The acetonitrile (5
mL) solution of Li(Et20)2.5B(C6F5)4 (0.864 mg, 0.992 mmol) was slowly

v035les59,Rd(0AC)2(P(Cy)3)2 (764 mg, 0.972 mrnol) that wag
' Oglsper‘lsed in acetonitrile (40 mL). The reaction mixture was stlcﬁrlﬁgsfz Jpy03783

hours, filtered through 0.45 filter and solvent removed under reduced

pressure to give a solid of the title compound in quantitative yield.

Crystals suitable for X-ray data collection were obtained by vapor
c@iiﬁuﬁidrbqffdieﬂﬁiydretﬁan@kmmw@meﬁewubaezeaeuao’nuﬂpguoétfnett'ttee

S e Rl A a e kY T T S e e A
3£|erﬁamanmm@cga|@d1 far G64HERNORFRBRZOP@1ELGHC BRTHY,

1 B R0 E500 006 ki Pt o0b AT SRS ERl 91

7 m@y u,. mwawn(mme;o%ew@%mﬁm@zmw)4 MCOHSIEMR

ma.30.089 grumel )
B(Ofig?ﬁ (86, Q?%? 099Jm%0$ in 05 mL, CRSeN as?)
1 %fﬂae@rdrok?ﬁf@& RRA&CtBN' dwfar%%‘d@s %ﬁ)ré@%ﬁ $hodrs: PrRADRN

1508 wagsfitered guit thyoligh misropare fikes 8, 148, Bfkd/iel) solid
[(P(C dlé3?32PdéNCMk2 g[B(C6F5 4] was obtained upon removal of

Cirlaedahad Bb=pGa iR (1R} 5 g H Bl EldinIE 29NEP Seifito:
H)3).28 fi (N.61M e) (OAc)] [B (C 6 F5)4] [0143] To 4 mL CH3CN solution of
Pd(OAc)2(P(Cy-di)3)2 (75 mg, 0.095 mmol), Li(Et20)2.5[B(C6F5)41 (84

mg, 0.097 mmol) in 0.5 mL CI—% S»gdded drop wise. Reaction -

mixture was ﬁgr,ggig (%z?ﬁ%“@%ﬁtﬁgﬂééﬁﬂmégﬂﬁi’ out through

micrgpore filter. O 0 % vyield) light orange solid

[0146p a4 5%ﬁa(RRi%‘}\(éJ%ESﬁB’(’C%’FEm%Q@@HﬁdQG'GJB%mréfﬁ{&%l of
[(WGW)MM%BB*CH{IEDLWEO(%FM b rinap)rark (O E 23 [[B(CYRE)4]
(o 5 AR BRI R SRl AN Iz S ASA
Example 20. ¥'p{’ H} NMR (CDCla): 8 32.3. TH NMR (CDClg): 61.17 (q, J =
13.2 Hz, 12H, CsH11), 1.28 (q, d = 13.2 Hz, 6H, CsH11), 1.62 (q, J = 12.6
Hz, 12H, CgHy1), 1.77 (br d, J = 12.6 Hz, BH, CeH11), 1.91 (g, J = 13.2 Hz,
30 CgHqq), 2.00 (dd, "Jon = 128.1 Hz, 2Juy = 5.70 Hz, °H, 0,2C"*CHa),
2.38 (s, ®H, CHsCN). *C{'H} NMR (CDCl3): 5 3.31, 23.4 (d, "Jec = 54.4
Hz, 'C, 02*C"3CHs), 26.3, 27.9 (virtual t, 2Jpc+*dpc = 5.4 Hz), 29.9, 33.7
(virtual t, "Jpct3Jpc = 9.4 Hz), 124.6 (br), 127.2, 136.4 (d,"Jcr = 242.2 Hz),
138.4 (d, "Jcr = 241.6 Hz), 148.4 (d, "Jcr = 242.8 Hz), 175.5 (d, "Jec =
54.4 Hz, 'C, 02'°C"*CHg). Using the "H NMR signals (600 MHz) for the
0,"'*C"CH; methy! group that give rise to a large doublet of doublets, in
conjunction with the much smaller singlet centered at the midpoint of the
doublet of doublets for the unlabeled O2CCHj; methyl group, an estimate
of 94% for the "°C incorporation could be made by relative integration
(value is subject to some uncertainty, as there was some overlap with

cyclohexyl resonances).
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(10 mL) was slowly added to a stirring solution of Pd(OAc)2(P(i-Pr)3)2
(0.600 g, 1.10 mmol) in acetonitrile (20 mL). The resulting yellow/orange
solution was stirred for 4 hours over which time solids formed. The
wonsirewas filtered through a 0.45 pm filter and the filtrate redygefi{9 —=<2004/037983
dryness leaving a yellow solid. Yield 1.224 g (93 %). 'H NMR (S, CD2Cl2):
1.38 (m, 36H, -CH3), 1.92 (s, 3H, -CCH3), 2.25 (m, 6H, -CH) 2.42 (s, 3H,
CH3). 31P NMR (S, CD2Cl2): 44.5 (s). Example 24
trans-(Pd(OAc)(P(i- Pr)3)2(N CSE (ng: )4] [0145] Complex

trans-(Pd(OAc)(P(/- ?%Q red by reacting
173 m 0. mmol) and

d(OAc)(P(i-Pr)3 MeCN)
10145 AvBhL 6D RRGHIRY ehraa BRahED iy BT S BA
(tempgrame fﬂﬁﬂ&pnmwaﬁﬁﬂmg YeRiifs) wers smayeddora e — annula

o R0 Pt LBV Eo Ntz oy SRUGHCHRA ol

azmaﬁo@ntemqud)emtamimﬁao Jike tless titten gymibbex sohi086 yiddd @TOMgT~wved to
5o AR Y A S B gt Pl o> e
tor(eelBiR yormsedt, Baelimixinre MaSHiasHSNICTHs $Y rBase! filte HZ, <= and

tifd SRERNL did8d o AL SAEN N IR MM SHHENNB g 78%).
(CD2C12): 819.6, 23.5, 24.9 (V|rtualt 1JCP+3JCP 9.7 Hz, 6C,

CHMe2), 124.2 (br), 128.0, 13 g;g' F5 244.9 Hz), 138.8 (d, 1JCF =
243.0Hz), 1 nal. Calcd.
for. caonsonBRalocse e @ Jﬁ@ﬁé@‘ f)fi%. Found:
[01 @]485&5‘? pﬁ%ggg’grr{@ §gggtlmdﬁ,ﬁ[@.k9f LI(OEtg)z sFABA (87.0 me—, 0.100
rHﬁ%fF) [ﬁ%@%@%ﬂé@%&%&ﬁé‘@%@@{ﬁ[ﬁ{ﬁlﬁﬁm o de Pl ——t-
S prepared i antltat ield from trans-

%é‘?ﬁ’%{(ﬂp ﬂ% dxgrﬁtjmmn%wdmg was come=itinued
fﬂ:lG}Eia)a éﬂ;&tﬁ%ﬁééﬂlo&ih&m&ﬂs@ fiteedditacrighitdla by afile ter.
\Prpﬁéﬂlure similar to th tof PExr%m %IO fglg}H} qu hCDCI3 48, 6 32.3. ¢ |
TR (EDCRY é’f Rgey & PrespHiesA e 28Ty e, materia
g sﬁur@&dlwnmm\(qne (=1 QM}EHQZH]E@GMQ@)‘IQW@ECI Pre£26= sure to
di%e B R pbatdh Y Tatiitati%e vield. Elemental analysis C—= alcd for

Ce7H7sNO2P2BFooPd: C, 54.06; H, 5.28; N, 0.94%.

Example 28
trans-[Pd(O2CPh)(P(Cy)3)2(MeCN)][B(CgFs)4]

[0149] The acetonitrile solution (10 mL) of Li(OEtz)2sFABA (142 m——a g, 0.164
mmol) was slowly added to the -CHZCIQ (6 mL) solution of
Pd(02CPh)2(P(Cy)s)z (146 mg, 0.161 mmoi) with stirring. Stirrings was
continued for 15 hours and the reaction mixture wés filtered throw_—=m gh 0.45
u filter. Volatiles were removed under reduced pressure to give t— ke title
compound in quantitative yield. Elemental analysis Calcd. for
CegH74aNO2P2PdBFz: C 54.94, H 4.94, N 0.93%. Found: Trial 1. C”—= 54.75,
H 4.75, N 0.94. Trial 2. C 564.97, H 4.62, N O.96l.

Example 29
trans-[Pd((O2C)CF3)(P(Cy)3)2(MeCN)][B(CsFs)4]

[0150] The acetonitrile solution (3 mL) of Li(OEt;),sFABA (264 m «se—73, 0.303
mmol) was stowly added to the acetonitrile (20 mL) solution of

97
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30H, C5H11), 2.00 (dd, 1JcH = 128.1 Hz, 3JHH = 5.70 Hz, 3H,

0213C13CH3) 2.38 (s, 3H, CH3CN). 13C{1H} NMR (CDCI3): 6 3.31, 23.4

(d,'"Jcc =54.4 Hz, 1C, 0213C13CH3), 26.3, 27.9 (virtual t, 2JPC+4JPC =
WO 2803/1429439 9, 33.7. (virtual t,'JPC+3JPC = 9.4 Hz), 124.6 (bRC T3P 04/037983

136.4 (d,1JcF = 242.2 Hz), 138.4 (d, 1JcF = 241.6 Hz), 148.4 (d,'JCF =

242.8 Hz), 1 15.5 (d, 1Jcc = 54.4 Hz, 'C, 0213C13CH3). Using the 1H

NMR signals (600 MHz) for the 0213C13CH3 methyl group that give rise

i ith th h ller
e e e ARt T8 BO GG 1SS was
cqntﬁb&eldf@m(msrm@mqltgmmtamesnmeoﬂaﬂ%t&rem&m&h 0.45
uIRRRPO3LON GOHId BE Mads By dRlAye HQ%%V [ B é‘@ ‘E'ﬁwﬁ't‘Bl%‘%}szed a

some uncertainty, as there was some ove cyc ohexy

P8 dHaMIE ) BT msﬁmgmwmwmﬁ)mgsﬁ%@mmb@z@@%

yiEl(OARRERRIBHA HRG 6P )AL DL D F3 SO L, Tblen; reaction
flask a solution of Li(OEt2)2.5F.BA (0.77 ?%O .88 mmol) in acetonltrlle (20

Critdy ofad bty Ahd W?aEHHU% Té'a'shr g 50Ribr%opS, N 2.12. Trial

2PA(6R e (R(EB)RI (@629, 0.88 mmol) in acetonitrile (20 ml-) at OC. The
resulting yellow solution was allc> --Ned to warm to room temperature

. and stirred for an additional hoqugl ~é/d‘||ch time solids formed. The

mixture was flltetr,%gghlrpggb@‘yﬂpg@ Lbsfwﬁgygbg% e te reduced to

[015 e Ay A SO eyl AR . L3Z BHRAR
asdlpoiifGnis) oid.i(QEI2hERPBABZdpmallly0fissuivel waBiewsy (4.0

S B SHEAR8 ) SR o1 BRI EMRBIONRR RS

mg, O. IrriNg " was cow Itinu ours and the
pydsiinenvasxasdagds firertrdubrsusplation pfmietedivmeres!ae

aFRMONE HIMSLIGRLISRE RIFPEH StARE N iB Tl FARIREIAbr @D tWiindes.,

with pentane (10 ml-) and dried under reduced pressure to give the title
TESMBWH%%MU&HTR&R?&?%"’B?%%M&F SRERYRS Apdpforacuum to
fucfigh a3rdeiZde8h20hds G b4 dif dhify. 28tUNa 2 94P1th hexane (3x10 mL.)

and collected by filtration. The solid was dried under vacuum to give
trans-[Pd(OAC)(P(Cy)a)2(NCsHs)I[B(CeF5)4] in 99% yield (202 mg, 0.136
mmol). **P{*H} NMR (CDCls): § 22.1. "H NMR (CDCls): & 1.04 (m, 12H,
CeHi1), 1.22 (m, 6H, CeH14), 1.50-1.70 (m, 18H, CeH11), 1.71-1.90 (m,
30H, CgH11), 2.00 (s, 3H, O:CCHa), 7.54 (t, °Jun = 7.0 Hz, 2H, CsHsN),
7.98 (t, 3Jun = 7.8 Hz, 1H, CsHsN), 8.77 (d, 3Jun = 4.8 Hz, 2H, CsHsN).
SC{'H} NMR (CDCls): 5 23.6, 26.7, 28.2 (virtual t, “Jep+*Jcp = 5.0 Hz,
CeH11), 30.2, 34.6 (virtual t, "Jep+3Jep = 8.8 Hz, CeH1), 124.5 (br), 127.8,
136.8 (d, "Jer = 253.5 Hz), 138.8 (d, "Jor = 244.3 Hz), 140.8, 148.7 (d,
'Jer = 237.3 Hz), 154.3, 176.0. Anal. Calcd. for CezH74NO2P2PdBF2q: C,
54.21; H, 5.02; N, 0.94%. Found: C, 54.34; H, 4.92; N, 0.83.

Example 31
trans-{[Pd(CAc)(P(Cy)a)2(4-MesNCsH N)IB{CeF5)4]

[0152] The title complex trans-[Pd(OAc)(P(Cy)s)2(4-Me2NCsHN)[B(CsFs)a]
-was prepared from trans-[Pd(PCy3)2(02CMe)(MeCN)]|[B(CsF5)4] (210 mg,
0.145 mmol) and 4-(dimethylamino)pyridine (20 mg, 0.16 mmol) in THF
(6.0 mL) in quantitative yield (221 mg). *>'P{'H} NMR (CDCla): 8 21.8. 'H
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Example 28 trans-[Pd(O2CPh)(P(Cy)3)2(MeCN)][B(C6F5)4] [0149] The
acetonitrile solution (10 ml-) of Li(OEt2)2.5FABA (142 n-- g, 0.164 mmol)
was slowly added to the CH2CI2 (6 ml-) solution of Pd(O2CPh)2(P(Cy)3)2
wo 1ddmmg0.161 mmol) with stirring. Stirring was continued farciBuaows/ 037983

and the reaction mixture was filtered thro. s gh 0.45 s filter. Volatiles were
removed under reduced pressure to give In lie titte compound in
quantltatlve yield. Elemental analysis Calcd. for C69H74NO2P2PdBF20:

C 54,94, H4.94, N 0,93%. Found: Trial 1 . 54,75, H 4.75, N 0.94, Trial 2.

NMEY (GD 65 WD TBSE {BpRI S e[ Peitiod Sy BBy 295
1'\97[%%55&99&@51159] Stesgee®AitNeCRERNE3HN(d), @ﬂmeﬁz)%%m_

G0 ) Dooelcaotas B s aoMeas s G R fwir

(CBOIDCICIIY2 (B8 Gy \BJ H 266 tmay, 10 25+ itk mmgrsmm@maszx 0
d f h t t

(\‘}?ﬁ} rl{ﬁ'hegéozié g% E-%Oﬁtl? %?a&/ggsgrggu?er%%va‘?é mL &é?rgrgogéj @éd JcF

ma@&cwm poABee( 1He=tm@earﬁmhd1@% iy, 'dcE75 RN HF5os1.6

11’5@'?‘ EW@%@J@“@'X& @@@SJHG&@%N@QP%P@B%Q%WCﬁQQ N,
4.47, N 1.81%. Found: Trial 1, C 51.00, H 4.59, N'2.12. Trial 2.

1@%«3)95%&?583 R4 {5 He a1 3 4Bins-[Pd(OAC)
(P(Cy)3)2(NC5HSs)][B(C6F6)4] [0151]

trans-[Pd(PCy3)2(02CMe)(Me EXJIMR{E63S)4] (198 mg, 0.137 mmol) and
pyridine (6 2rag-17EIAaKR (vae) dEFattnMipes 316 BB Gafiabde (4.0

[01537d 1101mmr@wm@lw}m[mql@%&(ﬁ@cgkm@t@w@qmuuon of

iR anpe i R e b T

[FTdn(@VIyangl(@zm YHdaeaniid{ Mk uEe (2eerremOvanbumsies iy aculith G

§{ﬁ§’%ﬁgﬁéﬂq§?ﬁ(m§§ %%Qﬁ%ﬁwas’&]%q 156 4R he g 43310 miy

cte ation ried under va uum to'give

M@Ri@%@(ﬁ@)@ﬂm%@@@m B5)41 0 9884 (pieltiqHO Loy, D.136
1.60-1.80 (m, 18H, CeHaq), 1.87 (brd, J = 12.0 Hz, 12H, CeH11), 2.03 (br d,

J =12.0 Hz, 12H, CeH11), 2.06 (s, 3H, O2CCHs), 2.16 (m, 6H, CeH11), 2.47
(s, 6H, CeH3(CHs)2-2,6), 7.24 (d, 2Juy = 7.3 Hz, 2H, CeH3(CHs)2-2,6), 7.37
(t, *un = 7.3 Hz, "H, CeH3(CHz)2-2,68). "*C{"H} NMR (CDCls): & 18.9, 24.4,
26.6, 28.1 (virtual t, 2JCP+‘*J¢F, = 5.3 Hz, CeHq4), 30.7, 35.6 (virtual t,
JeptiJep = 9.4 Hz, CeHiq); 124.4 (br), 125.7, 129.8, 132.1, 135.4, 136.8
(d, "Jer = 249.9 Hz), 138.8 (d, "Jor = 252.4 Hz), 148.7 (d, "Jer = 243.7
Hz), 176.0. Anal. Calcd. for C71HzsNO,P-PdBF,-THF: C, 55.99; H, 5.39;
N, 0.87%. Found: C, 56.23; H, 5.38; N, 0.78.
\ Example 33
trans-[(P(i-Pr)3),Pd(02CCH;3)(CNCsHaMe-2,6)1[B(CsF5)a]
[0154] trans-[(P(i-Pr)s3)2Pd(02CCH3)(CNCeHaMes-2,6)][B(CeF5)s] was
prepared from the reaction of 2,6-dimethylphenyl isocyanide with
[PA(k* OAC)(P(i-Pr)a)2l[B(CeFs)a] or [Pd(OAC)(P(i-Pr)s)2(MeCN)I[B(CsFs)4l.
[0155] From [Pd(x*OAc)(P(i-Pr)s)2][B(CeFs)s] Complex [Pd(k*OAc)(P(i-
Pr)s)2l[B(CeFs)4l (98 mg, 84.1 nmol) and 2,6-dimethylphenyl isocyanide
(13 mg, 99 pmol) were separately dissolved in THF (4.0 and 1.0 mL
respectively) and cooled to -35 °C. The THF solution of 2,6~
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mmol). 31P{'H} NMR (CDCI3): 6 22.1. 'H NMR (CDCI3): S 1.04 (m, 12H,
C6H11), 1.22 (m, 6H, C6H11), 1.50-1.70 (m, 18H, C6H11), 1.71-1.90 (m,

WO 300 Q6¥711), 2.00 (s, 3H, O2CCH3), 7.54 (t, 3JHH = 7.0 Hzp2HUS2004.,037983
C5H5N), 7.98 (t, 3JHH = 7.8 Hz, 1 H, C5H5N), 8.77 (d, 3JHH = 4.8 Hz,
2H, C5H5N). '3C{'H} NMR (CDCI3): 6 23.6, 26.7, 28.2 (virtual t,
2JCP+4Jcp = 5.0 Hz, C6H11), 30.2, 34.6 (virtual t,'Jcri+3JCF = 8.8 Hz,
giahttay) dideny| (lmdcyanide W36.8ddANCE $Hha5BHFHD)ulia8. 8{dPdack =

A s R T
Fhexyolatips From dles reactinplenditure were removed under vacuum to

AR AAARIE P BN BIC AT B 0852 T e

complex trans-[Pd(OAc)( 33 Me2NC5H4N ][ (C6F5)4] was
Bk@dﬁﬁé‘&‘fﬁ’omeﬂ% éQﬁd{!@c?y )2(&PCSNe)(MeCN)][B(C6F5)41 (210 mg,

5 h 0 ) in THE
m1%€mﬁ?ﬁ%@rﬂ%’§?§ Sgﬁg’ mg)élgw ?\Imﬁﬂ (égc 3): 6 I2nl 8. 1H
W%BQ/M&M@@@NQ}@(@@&M‘KQ% RSP )0d-2,86

{itn diyiphahil ]i%o]eﬂﬁnld% (9. 780 G&1E nch Wet® SbpdPafefytdisoived
303 6H, 655 d, 3JHH = 6.6 Hz, S - MeshiC é@gftqpe

N
Oé%'ﬂﬁf 20 AR AR ERRRAN Ve PRIFRN RS
231 THEO &, Z'ﬁai(mﬁﬂallplﬁmiﬁdc?amﬂé Wiz G Y0298, 34.0

B Ra SRS A e R e RS
agbient Bperagloe ang staed. o ticeoRMeNe DRPEIRHR0 3018257 he

bhiatitds Norh-83%a2048H: frixddrd Avkre B Nl (Rdexd@lRidto furnish
trans Pd(OA Bﬁé? eﬁi 2(CNC6H3Me2 2.6 (C6F5]?4] [0153] The title

e'ar% R tehng TIPS gt M NEB G b aS et LUhpaRw
@bltiame u@ﬂu@ﬁmtw@m'@mmrﬁgmhfmnmm; 3P{'H} NMR (CDZCIE) 5
PCy3)2 02 MeCN) C6F (298 0.206 mmol) and 2
ot R [ (PG B HAhE (B (g DR ).
Nw(écmlﬁ)e&@&)iﬂz\w&(@@iﬁ)aa,1cﬂ:9<a;|a§);(m7m4(d;em,19a 7.5
%560:&8&9“(&%86&193%% rdd 7120 Ha L2 (8L,
BC{'"H)} NMR (CD2Clz): 8 19.1, 20.1, 24.1, 26.0 (virtual t, "Jcp+> Jcp— 10.6
Hz, CHMes), 124 (br), 125.5, 129.7, 132.1, 135.7, 136.9 (d, "Jcr = 243.0
Hz), 138.8 (d, "Jcr = 242.4 Hz), 148.7 (d, "Jor = 239.9 Hz), 176.6. Anal.
Calcd. for CssHsaNO2PoPdBFag: C, 49.10; H, 4.20; N, 1.08%. Found: C,
48.94; H, 3.88; N, 1.52.

Example 34
- trans-[Pd(OAc)(P(i-Pr)z(CMaej))o(MeCN)][B(CsFs)a] -

[0157] In a Na-filled flask a reddish brown suspension of Pd(OAc), (1.00 g,
4.45 mmol) in CH3CN (15 mL) was cooled to 0 °C and set to stir as a
CHsCN (10 mL) solution of P'BuU'Pr; (1.55 g, 8.90 mmol) was added
resulting in a gradual change to a yellow. The solution was allowed to
warm to room temperature and stir for 30 minutes at which time a solution
of Li(OEt2)2.5[B(CeFs)al (0.41 g, 0.47 mmol) in CH3CN (10 mL) was added.

The resuiting yellow/brown suspension was stirred for 1 hour and then
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J =12.0 Hz, 12H, C6H11), 2.06 (s, 3H, O2CCH3), 2.16 (m, 6H, C6H11),

2.47 (s, 6H, C6H3(CH3)2-2,6), 7.24 (d, 3JHH = 7.3 Hz, 2H,
C6H3(CH3)2-2,6), 7.37 (t, 3JHH = 7.3 Hz, 1H, C6H3(CH3)2-2,6). 13C{'H}
WO RINF4EBTI3): 6 18.9, 24.4, 26.6, 28.1 (virtual t, 2JCp+4JCpPEBBSRILA/037983

C6H11), 30.7, 35.6 (virtual t, 'Jcp+3Jcp = 9.4 Hz, C61111)r 124.4 (br),
125.7, 129.8, 132.1, 135.4, 136.8 (d,'JCF = 249.9 Hz), 138.8 (d,'JCF =
252.4 Hz), 148.7 (d,'JcF = 243.7 Hz), 176.0. Anal. Calcd. for .
C71H76NO2P2PdBF20THF: C, 55.99; H, 5.39; N, 0.87%. Found: C,

Sﬂ%d—t,hm’:%@hl\a 0.78. |[ErdTeiien3Bteansd(Fhé yRINSY) 2Rk {02640d4d) (C

tréi %EB(ME’ '5%%”&%’%%’@ 4I]\I([306}-I534I3/Ie2-2,6)][B(CGF5)4I was

prepared from the reaction of 2,GEdumebhyIpHenyl isocyanide with

e e i

[O1[BR i c2rora) (iR rr) BYGBIE BRB)IABS ctageX FRdK2aDAR)FHisCN (100 mL)
WA§)§tﬁﬁé@Qﬁéms£8%®s§éﬂeW&ﬂﬂd%@A@ eHwIpenr BonIde

99 pmol) were separately dissolved in T E (4:0and 1.0 mL

ISESCOAGR T Sied 15 5 COTRBTIID Bl ol BechBrAvpai was
2@95{04&%21 m@wuﬁae%ma%lmmetmdphmmh@oeysanrdevmsﬁﬂd@

tP the THF solutlon of{%P%( ourSAc r%e Vo|§{ ;Lrnrg?GFSI)m]e%nd E&'{red ”ng

ampien Liemperature om t e reaction mixiure
mréhemsvbdlmdéM@ﬁg%ﬁbB(Qgﬁsh] (LIFABA) (67.3 g, 77.3 mmol) in

H%)?rﬁg (P2CCHRCHSHANEALDNRIE SR 18r Sranfiigioe

yiel (10 mg, 83.4 Rmol). [0156] From
W@Tdﬁlb’ﬂp‘fi-@F)@)’Z‘({Me@N})]‘['B?@@#SFQFéWrﬂB@ka Ya inch pad of Celite™
Bﬁtﬂr@@h MB(foFréﬁ)B(zMﬂ%\lzlzfgnﬁ%E?ﬁg@W ﬁ}ﬁd@@&ﬁ@wtm}%%&ge
ime nyl isoc e m ol) were aratel
R P R A 808 SR MSHBLRER 5 iy, washed
avthlerdndethamexBokitidre i, eftﬁmemyslphéﬁyt i300ymhideperimadd@di800

‘i}ﬂ?_ dighlorgmethiane.sauieg of e d@% éo?é?é‘??(@ée’%“)]@& ?If radh

mbient temperature an me tem eratu e for 3 'hodrs.

YHEUQd‘l%ﬁl% HR}lfﬁtﬁg Peirddh %QMHM@@%%%/@)&H&@Y Nl Bt s4

furmdsg, tranaridrr8B)2F HOZk e HRYGEEIMR2s868)I[B(CSF5)4] as a
light brown solid in quantitative yleld (210 mg, 0.162 mmol). 31P{'H} NMR

(CD2CI2): 5
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53.8."H NMR (CD2ClI2): 6 1.42 (m, 36H, CH(CH3)2), 1.96 (s, 3H,

02CCH3), 2.43 (s, 6H, C6H3(CH3)2-2,6), 2.47 (m, 6H, CH(CH3)2), 7.22
WO fdo3didH= 7.5 Hz, 2H, C6H3(CH3)2-2,6), 7.36 (t, 3JHH = 7PEHESA004/037983

C6H3(CH3)2-2,6). 13C{'H} NMR (CD2CI2): 5 19.1, 20.1, 24.1, 26.0

(virtual t,'JcP+3JCP = 10.6 Hz, CHMe2), 124 (br), 125.5, 129.7, 132.1,

135.7, 136.9 (d, 1JCF = 243.0 Hz), 138.8 (d, 1JCF = 242.4 Hz), 148.7 (d,

1JcF = 239.9 Hz), 176.6. Anal. Calcd. for C53H54N0O2P2PdBF20: C,

49.10; H, 4.20; N, 1.08%. Found: C, 48.94; H, 3.88; N, 1,52. Example 34

trans-[Pd(OAC) (P FHPpRias SSRRMERB RAYEIRT 2] In a N2-filled

flask a reddish brown suspension-of P QQ%)Z (1.00 g, 4.45 mmol)in

CH3CN (15 M XWaREaP It inddzait et ealiAsddrhtiteh (10 mh)
solution of PtBu'Pr2 (1.525 .90 mmol) was added resulting in a gradual

[015%hgeSte et amiio ThO EHIGHEAMP BASWERS foMBLR P Jissalving known
e Hoiats (10 mL)
. . mmol) In m ‘as
AT E2 Sl oy b Tiess SUAReRd e Acaeas At et
tHeoy§@WQ 2005/Odth MRS Tite 8206 037088 dilteitbchitmagesh) a<hd5he
Tolom e el il satkers Lamesn Al AROAHEIRY of

foam. EXample 35 Preparation o

(PR XE) MeeNIRRies ) hbais MBCersnd [UndsT AiYeIaaen F1d poured

RiEoyR Kdukl (Batidomtdin ol i SIHBEN LG, was Asklatng
dropwise to a ?usgeensmn of Pd(OAc)2 (17.3 g, 77.3 mmol) in CH3CN

AGERNY RRRYRE-98 /87 SRR MUY RRlRIB LA A G b egven
dod20en reddSh° Broh ronist wve revas nvigiineat o RoTusitle gtizing. ) The3 h at 63

selytian tyr 1 ipitate for, . . stirring  for
S#Ug%?)f%{tlgﬁ%?EME%Egﬁﬁﬁlﬁéﬁ?&?AﬁAﬁéﬂﬁg%ﬁéﬁgﬁmoI) in
CPIBERatons UNess sieked ThevisseMuiacminr eiehtmshediluted
WEkstphiea® L4RR By seher Hlirig it auaty PridriGA R AhfkstER FMio:
filtering aid to remove the lithium acetate by-product. The yellow/orange .
was concentrated in vacuo to a golden syrup consistency, washed

with a 1:5 v/v mixture of ether and pepigfe {2 x 300 mL), pentane (2 x 300

Conversion W
| Proinitiator/initiator (%) Mw Mn Mw/Mn
| [Pd(P(Cy)s)a(k*-O, .

O'-OAC)[B(CeF5)4] 86 1615000 94300 1.7 !
[PA(OAC)(P(Cy)z)2(NCMe)]

[B(CsF5)4] 74 1965000 | 1245000 1.6
[PA(OAC)(P(i-Pr)s3)2 - ) v o
(MeCN)JIB(CeF 5)4l 66 1924000 | 617000 3.1

[Pd(H)(P(Cys)2(NCCHzs)]

[B(CsF5)4] 98 1311000 | 737000 1.8
[Pd(H)(P(i-Pr)s3)2(NCCHa3)]

[B(CsFs5)a) 92 1369000 | 768000 1.8

[0160] The above polymerization details indicate that the palladium
precursors of emdodiments of this invention generate in situ hydride
species that possess essentially the same activity as the Pd-H+ initiators

of Examples 66 and 70.
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mL), and concentrated using the rotary evaporator (35 C). Pumping in
vacua for 24 hours afforded [Pd(OAc)(McCN)(P((Cy2)t-butyl)2]B(C6F5)4
(100 g, 72 mmol, 93 %) as an amorphous yellow solid. 59 WO
WOHES34U7 PCT/US2004/037983 Examples 36-39: SolutionPCT/US2004/037983
Polymerization Example 36 Solution Polymerization of Decyinorbornene
(0159] Stock solutions of the compounds were made by dissolving known
amounts of materials indicated in Table | in dichloromethane (10 mL).
From these solutions, 0.1 mL waE*ymmdedTnto a toluene solution of 5-
dEQJHIPRORLR ARRRIAR £ ReciiekPssarnaftiimethesysily nerbaraene
resulting solution was heated 108 HeEME vials. The contents of
[0164th vial aversiieatediddl, raad e ricopledrbnees mitidgens ay)d poured
| i hano mL) in air. resulting .
O L o SR 2 e A S vsee,
witt2 o 61a7 AIntbinssnaraedmidd datandoteéite $1iv ahIBPFOE3 Kat 63

GofHich 19 [PaVd RERdie ?(Ibﬂfﬂ?j}%?@&gl’-%?ﬁ‘ﬂ @ G9839%n toluene (10

concentrations unless stated otherwise. Molecular Weigﬁhts were

Bt AR &S dethg ol fetiionNmg ¢ lsraddaribresrReRE Inia SepMiting

262005 TaerieCooNRIsDW R ainsinosinisintos MuMnAbaibem of
Pd(P(Cy)3)2(k -O, 0'-OAC C6F5)4] 861615000 943001.7.
rastoanal o 95 e s SEIR A et it R L methanol
P Ored(P(VRE®)2 X1eBNIHB (& 6R8H| 66 HME0018ER0008. & 152215,
EsKE)6R{Ey3)2(NCC H3)] B C6F5 4]9813110007370001.8
[PA(H)(P(I-Pr)3)2(NCCH3)]

Example 38
Solution Polymerization of Decylnorbornene/trimethoxysilylnorbornene
with Ethylene

[0162] In a stainless steel reactor, decylnorbarnene (146.5 g) and
trimethoxysilylnorbornene (33.5 g) were mixed with toluené (1170 mL) and
sparged with N,. Ethylene was added (300 cc) and the solution was set to
stir at 80°C. A solution of [Pd(OAc)(P(i-Pr)s)2(MeCN)][B(CsFs)4] (0.038 g)
in toluene (10 mL) was added and the solution was stirred for three hours.
The resulting viscous polymer solution was then precipitated by slow
addition of methanol. The resulting white solid polymer was washed with
methanol and dried in vacuo. Yield 146.7 g (82 %) Mn = 37,815,

Mw = 100,055, PDI = 2.65.

Example 39
Solution Polymerization of Decylnorbornene with 1-Hexene

[0163] In a stainless steel reactor, decylnorbarnene (180.0 g) and 1~
hexene (12.2 mL) were mixed with toluene (1170 mL), sparged with N2
and set to stir at 80 °C. A solution of [Pd(OAc)(P(i-Pr)s)2(MeCN)][B(CeFs)4]
(0.038 g) in toluene (10 mL) was added and the solution was stirred for
three hours. The resulting viscous polymer solution was then precipitated
by slow addition of methanaol. The resulting white solid polymer was
washed with methanol and dried in vacuo. Yield 144.8 g (80 %)

Mn = 225,000, Mw = 677,000, PDI = 3.00.
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[B(C6F5)4]9213690007680001.8 [0160] The above polymerization details
indicate that the palladium precursors of emdodiments of this invention

WO yaératd In situ hydride species that possess essentially the?€iS20640iRy983
as the Pd-H+ initiators of Examples 66 and 70. 60 WO 2005/042147
PCT/US2004/037983 Example 37 Solution Polymerization of
Decylnorbornene!trimethoxysilylnorbornene with 1-Hexene [0161] In a
stainless steel reactor, decylnorbornene (146.5 g),

trimethoxysilylnorbornene (33.5, %f??(ﬁ"f Oyene (12.2 ml-) were mixed
with toluene (11?8%?;?8&%5@%%%@%@3?& gfiteB0C. A
[01 M]utidln Srﬁ!LRid(rO@fqd dmueéﬁoccwemwmwazmmwaa@pm@mene
-hwa ed and.t olution w ir T
D s o S alH I P e
refatadttmigl The N4thimd Gvmieweld Bsh/inaidvas prBREGYIRH fetitid®

i ried iy vacuo. Yield 144.8 g (80 %) Mn = 61868, Mw = 152215, PDI
= 2.46. Example 38 Solution Polymerization of
Decylnorbornene/trimethoxysiIyEorborn(:gil with Ethylene [0162] In a

sainless steelregetor ey OB IRE LG ) 30fhono

trimethoxysilylnorbornene g%{{/vere mixed with toluene (1170 mL) and

[0165argScsRitAIND OERACAS WER (G0ee (466 M) BB dhe ARSI Ghdnset to
GHLB18@C MEPIWHaAUIRAOAQENIBRRIAING OBIIRE iR 0088 §)

in toluene (10 mL) was added and the solution was stirred for three h_OL'JI’S.
heaiaddRIdAg viecoLiBBly Hemdaiasn Rad avd Heramaldd pysigwield a

sadiditoatefiatethanol. The resulting white solid polymer was washed with
methanol and dried in vacuo. Yield 146.7 g (82 %) Mn = 37,815, Mw =
100,055, PDI = 2.65. Example Panipioad olymerization of

Decylnorbornenggé8 fdh@¥Rization of Butylinorbornene

[0166] A solution of [Pd(k*-O,0'-OAc)(P(i-Pr)s)2][B(CsFs)4] (0.002 g) in
CH2Clz (0.1 mL) was added to a pan containing butylnorbornene (5.00 g)
heated to 130 °C. Within 10 minutes, the liquid monomer cured to yield a -

solid material.

Example 43
Mass Polymerization of Butylnorbornene

[0167] . A solution of [Pd(OAC)(P(i-Pr)a)2(MeCN)][B(CeFs)4] (0.002 g) in
CHxCl; (0.1 mL) was added to a pan containing butylnorbornene (5.00 g)
heated to 130 °C. Within 10 minutes, the liquid monomer cured to yield a

solid material.

[0168] The polymerizations exemplified in Examples 38-43 each employ
the proinitiator of Formula 1, where p=r=1. Such proinitiators have a 1:1
WCA:Pd equivalent ratio. To evaluate whether or not the use of an
excess of a weakly coordinating anion for the polymerization is
advantageous, the mass polymerizations of Examples 44-47, below, were
performed where the additional WCA was provided. In addition, a solution
polymerization was carried out, Example 48 to evaluate the effect of an

excess of the WCA on polymer yield.

62



[0163] In a stainless steel reactor, decylnorbornene (180.0 g) and 1-
hexene (12.2 mL) were mixed with toluene (1170 mL), sparged with N2
and set to stir at 80 C. A solution of

wo 160d(@AQ)(P(i-Pr)3)2(MeCN)][B(C6F5)4] (0.038 g) in toluene CHOUSRop$/@3y 983
added and the solution was stirred for three hours. The resulting viscous
polymer solution was then precipitated by slow addition of methanol. The
resulting white solid polymer was washed with methanol and dried in
vacuo. Yield 144.8 g (80 %) Mn = 225,000, Mw = 677,000, PDI = 3.00. 61
WO 2005/042147 PCT/US200855m8Ies Bdatlnle 40 Mass Polymerization
of ButylnordfREhE [6T6§,’f‘fﬂf’§8l8ﬁ Gft in Mass Polymerizations

AL A MM A \I'\I AVa k| o
[P AL=U ,U'rJF“.- C) < D\\/ I_D)’-PJ \U UUL g} TII \; AW p4 (U J.TIII }WV

a %gg (Eﬁ Joan cogigl @ utylnorbornene (5.00 g) heated to 130 C.
|rN,g mi

W\ nutesbA )ggl}g mo omer&HrEgé yield aP%gIW@ﬁltgn(alc
= amg;@ 41 {VIaSs I"OT@HIEHZ&[IO 0]} DUlZQLP%JUHIEH {UlﬁsjﬁéJlmIOllﬁ
[Rd( ﬁ@)(H(uy)S)qwlng)J[b(bg:?%ﬁ] @6@'64 gy CHZCIZ{(§71gmL)
afidedy a par contaiping butyinorbornegis;(§-00 g) heated 1gd .30 C.
fithing30 minutes, theliquid monomer ChEgthTo yieldiasolid gggerial.
EXampie 42 Mass Potymerizato Anorborn [0166] A solution
[Pd(K2-O,0'-OAc)(P(i-Pr)3)2][B(C6 f] 0.002 g) in CH2CI2 (0.1 ml-)
[0188F adtmdstach pa&zamﬂ@mgmmwmmer@aq gixeated to 130 C.

hin 1 h d li I,
de o R A e e eBe B & ST MBI
@mW@m;mﬁ@m)@)ammﬂmmmﬂ]@mz@weojf@:e@wm]l(znn)
was agdedia RAR ﬁ%@%@&%ﬂ{wbmwm&mﬁ@t@%ﬁ L3R C.

ithin 10 mlnutes the liquid monomer cured to yield a solid material.
PhN(Me),HB(CeFs)s (DANFABA) indicated in Table 2 (equivalents relative

to Pd in the proinitiator). The reaction mixture was then heated from room

laVallal

U

temperature to 300°C at a rate of 10°C/minute and AH and peak
temperature measured using a Differential Scanning Calorimeter (DSC).

in all cases, the thermoset materials obtained were essentially fully cured.

[6170] Result: As shown in Table 1, the addition of excess WCA salt
results in a lowering of the peak temperature of the polymerization (a
lowering of the activation temperature of the polymerization) compared to
the Example 44 control. Therefore, formulations containing an excess of a
WCA salt can be fully cured at a lower temperature than a similar
formulation absent such an excess of a WCA salt.

Example 48
Effect of an Excess of a WCA salt in Solution Polymerizations

[0171] In a stainless steel reactor decylnorbornene (146.5 g),
trimethoxysilylnorbornene (33.5 g), PhN(Me);HB(CesF5)sa (DANFABA; 0.075
g) and 1-hexene (12.2 mL) were mixed with toluene (1170 mL), sparged
with N2 and set to stir at 8G°C. A solution of
[Pd(OAC)(MeCN)(P'Prs)s]B(CsFs)s (0.038 g) in toluene (10 mL) was added
and the solution was stirred for three hours. The resulting viscous polymer
solution was then precipitated by slow addition of methano!l. The resuiting

white solid polymer was washed with methanol and dried in vacuo. Yield
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[0168] The polymerizations exemplified in Examples 38-43 each employ
the proinitiator of Formula 1, where p=r=1. Such proinitiators have a 1:1

WO ZWQ/@iﬁq?equivalent ratio.'To _evaluqte whether or not 'ghe Psﬁcolf/ﬁé‘zoo 1/037983
excess of a weakly coordinating anion for the polymerization Is
advantageous, the mass polymerizations of Examples 44-47, below, were
performed where the additional WCA was provided. In addition, a solution
polymerization was carried out, Example 48 to evaluate the effect of an

1d2e8s3 GHne WReSHHE bl AREIRAEIIC S 30/t Rsdgmarigation conducted

Wik b (1Y 22004/ 9B 5 Buanpnes4ad Inmbiesteoh ant xgasel off Wb 40 20%
SS Poéydnerizations Example # of Excess No.Equiv. of AH J/Peak
A

M

SreMFTETBANFABA 440224.6116.3 451261.4107.9 462257.9109.4
474255.983.8 Table 2E[ @gaggﬁp l%x I Bjt?\? 4-47. an 80:20
YT T vt ey RS ARV AR 8tk

&
( v
43 mmol) was chargag ywtl Mlsaetifiatdtor System |
[PA(OAC)(P(I-Pr)3)2(NCMe)][B(C6F5)4] (2.1 mg, 1.74 limol) and the

[017@fceds runtbe mofedunateinde of e ik sal({ s .B )Y @vie) 2HB(C6F5)4
‘DANF indicated in T equivalents relativ Pd.i e
e ) A e S B ORE AP TP
(GebjetatarsltbiGDBE asBARA (7 000 /mimune setitastismd ek
té%@‘?é@@r‘ée(m%s‘%??’ wR0GARiERTgaHal SEANRING Galrmeter (DSC).

In all cases, the thermoset materials obtained were essentially fully cured.

[0170] Result: As showrEkah@flle 50 {0 afjstifiativef) excess WCA salt
results in a lowering of the peak temperature of the polymerization (a
[0173] In a vial, a mixture of decylncrbornene (8.6 g) and trimethoxysilyl-

norbornene (1.9 g) was charged with Pd(OQAc)x((P(i-Pr)s3)2 (0.001 g) and
DANFABA (0.006 g) and set to stir at room temperature (~20 °C). The
solution gelled within 30 minutes.

Example 51
Single Component Proinitiator

[0174] In a vial, a mixture of decylnorbornene (8.6 g) and trimethoxysilyl-
norbornene (1.9 g) was charged with [Pd(OAc)(MeCNYP(i-Pr)3)z]B(CeF5)4
(0.002 g) in CHzCl> (0.1 mL) and set to stir at room temperature (~20 °C).
The solution showed only minimal increase in viscosity over a period of 48
hours.

Example 52

(Comparative)
~ Reaction of Pd(OAc)2(P(Ph)3)2 with trityIFABA

[01 75] A solution of Pd(OAc)2(P(Ph)s)z (25 mg, 33.4 pmol) in CD,Cl; (0.5
mL) was stirred as a solution of trityiIFABA (31 mg, 33.4 pmol) in CD,Cly
(0.5 mL) was added drop-wise via pipet. The resulting deep red/black
solution was sealed in an NMR tube and subjected to NMR analysis.
Result: The 'H and *'P NMR analysis showed the formation of at least 6

products including an orthometalated product.
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lowering of the activation temperature of the polymerization) compared to
the Example 44 control. Therefore; formulations containing an excess of a
WCA salt can be fully cured at a lower temperature than a similar
wofomalation absent such an excess of a WCA salt. Example 48 Eifsco®f037983
an Excess of a WCA salt in Solution Polymerizations [0171] In a stainless
steel reactor decylnorbornene (146.5 g), trimethoxysilylnorbornene (33.5
g), PhN(Me)2HB(C6F5)4 (DANFABA; 0.075 g) and 1-hexene (12.2 mL)
were mixed with toluene (1170 mL), s ‘%r g with N2 and set to stir at
80C. A solution of [Pd(OAc)(Mzg%:I a{g&ip‘]@(CBFSM (0.038g) in
toluene (10 was ad ;}’ on j dlfo KE e hours.
The resuItinQT\’'\7'31)33t‘::cf}t?sn p%gl)?%@r%‘sc % n \IX?«; Vyﬁ(ﬁlipﬁtgcﬁﬁpﬁ %[fgd ?/Aslow

[aﬁdﬂitiomfdmmﬁrmlPEfa@A%%{Iﬁp%%f\%% @%%%gg)lﬁ@mﬁ wasiad with

methanol and dried in vacuo. Yield 4

PE7VY2S68H/% Assd 19%teq @45 Bdaah AR A TBord #gol) in

[EilysCesigaBon Cpndisciritienithopt addedi e (EXaampis ditngndeep red

@&%%%mea”st nyield of a'n”ik?ﬂu:?({ﬁ/b"e's SR E RG22 sis.
omparz\ﬁlvef?n Situ Boefymerlza 10N O

Rty riidre ik arich SRoX)4ARy irartysia e WRotiGo fnpoiation wifiatde ast 6

PYstaRHOh el dihg YA oRIBXEES Sbdgadaglhomene (8.6 g) and
trimethoxysilylnorbornene (1.9 g) was charged with Pd(OAc)2(P(i-Pr)3)2

(0..001 g) and Li(OEta)2.5FABA (& &%pi¢)5and set to stir at room
temperature (-- 20 C). The solutoargplestiviéhin.30 minutes. Example 50
(Comparative) [RéZ&fitmatRH(OAcyi(R ¢Poi) e eifroaiTFeRBAS.6 g) and
trimethoxysilyl- norbornene (1.9 g) was charged with Pd(OAC)ZEg?P(i-ZQ?))Z

[01737301 §)shaticTNIHAHRAG 0o GH debe (25t Rocis it ruBHANG M S altleel0-5
(0 Wad Berrealution ssligbwishin AR rARWeS 7ExgMPeOLRHINIR CD.CI,

omponent Proi itiatorLOl?{lJ In a vial, a mixture of _decglnorbornen {8.6
9.&%@M@m5&%@r p-wise via pipet. The resulting deep red solution
was sealed in an NMR tube and subjected to NMR analysis. Result: The

'H and *'P NMR analysis showed the formation of at least 6 products
including an orthometalated product.
Example 55
(Comparative) :
Reaction. of Pd(OAc)2(P(Ph)s). with Li(OEt,).sFABA in CDsC
to Yield [Pd(OAc)(P(Ph);).(CD3sCN)][FABA]

[0178] A sqlution of Pd(OAc)z(P(Ph)s)2 (25 mg, 33.4 umol) in CDsCN (0.5
mL) was stirred as a solution of Li(OEt;)2.sFABA (29 mg, 33.4 ymol) in
CD3CN (0.5 mL) was added drop-wise via pipet. The resuiting yellow
solution was sealed in an NMR tube and subjected to NMR analysis.
Result: Both "H and *'P NMR analysis showed the formation of a single
product. *'P{'"H} NMR (CDsCN, 8): 32.8 (s).

[0179] From Comparative Examples 49 to 51, it can be concluded that the
reaction of Pd(OQAc)z(P(Ph)s)2 with a number of weakly coordinating anion
salts does not lead to an isolable oroinitiator product. The selection or .
addition of a Lewis base, i.e., acetonitrile, into the reaction results in the
formation of a stable triarylphosphine complex of the type trans-
[Pd(P(Ph)s)2(OAc)(MeCN)]FABA.
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norbornene (1.9 g) was charged with
[PA(OAC)(MeCN)(P(i-Pr)3)z1B(C6F5)4 (0.002 g) in CH2CI2 (0.1 mL) and
set t? fllf at room temperature (-20 C). The solution showegl-qn1paa153abs3

005/
wo 2mcrease In viscosity over a period of 48 hours. Example 52

(Comparative) Reaction of Pd(OAc)Z(P(Ph)3)2 with tritylFABA [0175] A
solution of Pd(OAc)2(P(Ph)3)2 (25 mg, 33.4 pmol) in CD2CI2 (0.5 mL)
was stirred as a solution of tritylFABA (31 mg, 33.4 pmol) in CD2CI2 (0.5
mL) was added drop-wise via piBgantpke @8ulting deep red/black solution
was sealed in an NMR tube ar@soipecatived NMR analysis. Result: The
'HReag (P oA R ety iB (stitnywantitl itk fdYB4Y at Raons Tgropacature
including an orthometalated product. 64 WO 200-5/042147

[0188¢ T/ iy B3 (BAMARIERNRL IR DR\ NP RESaRK R into an
N EORB)2 (PIE N & 2 wviid) B&G@:()Q&BABMEO&BA] dissineninf0.75 mL

)2 33, 2CI2
A e R B Y T
twasddael godﬂﬁmbeqma\ prpeolcrmeTbsmﬁhgtideepaedne@dttbnmashiy
tﬁ@ﬁ'@gdﬂwﬁ{bh'w R angedihiecird - DMRaNHYBIS (KReSHEFRR) (P (i-

NMR analysis showed the formation of a Ieast 6 products
PﬁbﬂaHﬁ%%vF@}fh&fﬁétasmwﬁpoaaa ERARIMOERrE R darbﬁ.%)twe've
tienrdf PHQMP3(P(Ph)3)2 With DANFABA [0177] A solution of
Pd(OAC)Z(P(Ph)S)Z (25 mg, 33.4 pmol) in CD2CI2 (0.5 mL) was stirred
as a solution of DANFABA (27 fagaB®Hke mol) in CD2CI2 (0.5 mL) was
added drop-wise via pipet. ThdGesufargtiadp red solution was sealed in
arReationgef M@gb&?&@y@h IﬂF@a'Ffa?kEAﬁés@ﬂtRPﬁ’é“ Tiemarerstyre
NMR anaIyS|s sHRWRIIHE HnTRieh-8R) (RASY & ITBA] including an

[o1 8'!r]tho Lig yel?ow,og’%?bgé%%o&gz (40 mg) was measured out in an
NMR tube. To this tube, 47 mg (1 eq) trityIFABA dissolved in 0.75 mL,

CD.Cl, was added dropwise via syringe. Immediately the yellow solution
| turned black in color. The solution was mixed thoroughly then submitted
for NMR. Result: *'"P NMR identified [Pd(k®-0,0'-Ac)2(PCys)2]FABA as

the sole product. *'P{"H} NMR (CD3CN, §): 58.9 (s).
' Example 58
(Comparative)
Reaction of Pd(OAc)2(P(i-Pr)3)2 with Trityl FABA at Room Temperature in
Acetonitrile to Yield [Pd(OAc)(P(i-Pr)3)2(NCCH3)][FABA]
[0182] 30 mg of light yellow, Pd(OAc)2(P(i-Pr)s). was measured out in an
NMR tube. To this tube, 51 milligrams (1 eq) tritylFABA dissolved in 0.75
mL MeCN-d; was added drop-wise via syringe. Immediately the solution
turned dark brown then yellow in color with a light precipitate. Four drops
of toluene-ds was added to dissolve the precipitate. The solution was
mixed thoroughly then submitted for NMR. Result: Both 'H and *'P NMR
analysis showed the formation of a single product. **P{"H} NMR (CDsCN,
3): 44.8 (s).

Exampie 59
(Comparative)
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(Comparative) Reaction of Pd(OAc)2(P(Ph)3)2 With Li(OEt2)2.5FABA in

CD3CN to Yield [Pd(OAc)(P(Ph)3)2(CD3CN)][FABA] [0178] A solution of

Pd(OAc)2(P(Ph)3)2 (25 mg, 33.4 pmol) in CD3CN (0.5 mL) was stirred as
WO MSH 6f Li(OEt2)2.5FABA (29 mg, 33.4 pmol) in CD3CNP(OLAIA20)4/037983

was added drop-wise via pipet. The resulting yellow solution was sealed

in an NMRtube and subjected to NMR analysis. Result: Both 1H and 31P

NMR analysis showed the formation of a single product. 31P{'"H} NMR

d2360h F RAS AR BICY).S A PP PER A BXDBIGSTERReran i SaR
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weakly coordinating anion - salts does not lead to an isolable proinitiator
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tPREQARA BILRA IW RIS | A58y aTRRUBIL 8P REASUWAE 80] Light
yellow Pd(OAc)2(P(i-Pr)3)2 (40 mg) was measured into an NNIR tube. To

tHATS Y 83em G\ RraliqHtmE iReRMl N 6. PEVRLIdeRYE8Y was
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I brown i lor. The solution was mixed thoroughly then submitted

“%%&Rigﬁzvé%uﬂf%ﬁe presence of [Pd(K2-0-0'-0Ac)(P(i-
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containing the trialkylphosphines.

Example 60 '
Preparation of CiS-[Pd(KZ'P,C-P(i-Pr)z(C(CH3)2)(P(i-Pr)3)
’ (d3-MeCN)][B(CsF5)4]

[0185] Sodium carbonate (0.1914 g, 1.8058 mmol) was added to an
acetonitrile-d; solution (3.5 mL) of [Pd(x*-0,0"-0Ac) (P (i-Pr)s)2][B(CeF 5)4]
(0.1625 g, 0.1395 mmol) and the resulting heterogeneous mixture was
stirred for 15 h at room temperature. The reaction mixture was filtered and
volatiles from the filtrate were removed under reduced pressure to give a
waxy material (0.1546 g) of cis-[Pd(x*-P, C-P(i-Pr)z(C(Cngz)(P(i—Pr)S)
(ds-MeCN)|[B(CeFs)4]. >'P{*H} NMR (CDsCN): & 51.7 (d, non-metalated
phosphorus), 43.2 (d, metalated phosphorus), 2Jpp = 30.23 Hz. *'P{'H}
NMR (THF-dg): 8 52.4 (br, non-metalated phosphorus), 44.0 (br,
metalated phosphorus). "H NMR (THF-ds): § 1.29 (m, 18H, CH(CHa)2),
1.46 (dd, J = 17.4 Hz; 15.3 Hz, 12H, CH(CH3)z and d, J = 17.4 Hz, 6H,
C(CHs)2), 1.63 (dd, J = 12.75 Hz; 9.75 Hz, 6H, CH(CHa)z), 2.21 (m, 3H,
CH(CHs)), 2.65 (m, 2H, CH(CHa)z). "*C{"H} NMR (THF-ds): § 1.33 (m),
20.1, 204 (d, J = 5.1 Hz), 20.5 (m), 21.9, 23.8 (br), 45.7 (br), 125.4 (br),
137.1 (d, "Jor = 242.40 Hz), 139.1 (d, "Jer = 243.00 Hz), 149.2 (d,

"Jer = 240.60 Hz). No peak was observed for CD3CN.
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CD2ClI2 was added dropwise via syringe. Immediately the yellow solution
turned black in color. The solution was mixed thoroughly then submitted
wofgaiMR4Result: 31P NMR identified [Pd(K2-O,0'-Ac)2(PCy®2IAABR-a837983
the sole product. 31P{1H} NMR (CD3CN, 5): 58.9 (s). Example 58
(Comparative) Reaction of Pd(OAc)2(P(i-Pr)3)2 with Trityl FABA at Room
Temperature in Acetonitrile to Yield [Pd(OAc)(P(i-Pr)3)2(NCCHS3)][FABA]

f light yellow, Pd outi
10R R DS YRR SO SRR - R AR R RREI St T .75

P M ADCH P [BaS Hdilg d dnopevyisepdtesyiiinpmtbbraedtateilyile solution
turned dark brown then yellow in color with a light precipitate. Four drops
of toluene-d8 was added to dissdixanripfiskipitate. The solution was
mBrsanatisuyhfciself 8 (RGP (DPRME Grixd) (P (B6tH):) (4 Gkl HTP(ReF.]

analysis showed the formation of a single product. 31P{1H} NMR
[01&3cRhessompayas! efidia frrmeidbR{sarSite) &N 2005/042147

PETYLIPRQ040RT 263 Rengtionuafddc AN BB vethid rityl FABA at
m Temperature in Acetonijtrile to Yi

R d .

SR} R b A5 B 0 153 1 G 6 SRR JeAAcded

Batddo)2@En8I8 way swasaredfqyridine (RNIGtghe. TBthigrtat)én 3r
i VIEABA di \ )

R RO R I R b

yétfointh derstormesbritiarolad eakea thirbugimaties wimitamadyed

Dhéir Refudled FroMR ddeniifiads HIRAEQNS) Ey R3RaNG sl iliA@BSD
as the sole product. 31P{'HWMR (CD3CN, 5): 32.7 (s). [0184] From

BFhpSARRIENSIH HO8E Yo ReELHTIS Ihef RRABNS: (RNSEARR L
trecusied méibidtierappropriate trialkylphosphine in the absence of a Lewis

R R R P AL A e
(5 mm,'9 inch) over a period of 3 days (see Figure 4 for X-ray structure).
Assignments of the 'H and '°C peaks were unambiguously made with the
aid of two dimensional HMQC, HMBC and COSY NMR spectroscopic
measurements. *'P{'"H} NMR (CDCls): 8 49.1 (d), 37.2 (d); %Jpp = 29.28
Hz. "TH NMR (CDCl3): 5 1.14-1.21 (m, 24H, CH(CHs)2, ring-C(CHs)g), 1.41-
1.47 (m, 12H, ring-CH(CHSs)2), 2.00 (m, 3H, CH(CH3)2), 2.52 (m, 2H, ring-
CH(CHa)z), 7.50 (t, 3Jun = 6.30 Hz, 2H, CsHsN), 7.87 (t, 3Juu = 7.20 Hz, 'H,
CsHsN), 8.51 (d, *Jun = 4.20 Hz, 2H, CsHsN). "*C{"H} NMR (CDCls): & 20.1,
20.3, 21.8, 22.5, 24.6 (d, "Jcp = 13.8 Hz), 24.8 (d, 'Jcp = 26.77 Hz), 40.9
(dd, ?Jpc = 45.98, 28.27 Hz, 'C, ring-C(CHs)), 124.1 (br), 126.2, 136.4 (d,
"Jcr = 245.40 Hz), 138.4 (d, "Jcr = 244.20 Hz), 138.8, 148.4 (d, "Jer =
237.30 Hz), 151.1. Anal. Calcd. for C47H4sNP2PdBF2: C, 47.68; H, 3.92;
N, 1.18%. Found: C, 47.67; H, 3.63; N, 1.17. See Fig. 4 for structural

representation.

Example 62
Preparation of cis-[Pd(ic®>-P,C-P(i-Pr)2(C(CHs),)P(i-Pr)3)(2,6-
Mezpy)][B(CsFs)4]

[0188] In a vial, Pd(P(i-Pr)s)a(>-0,0"-OAc)|[(B(CsFs)a] (0.102g) was

dissolved in dichloromethane (1.0 mL) to which was added 2,6-
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containing the trialkylphosphines. Example 60 Preparation of
cis-[Pd(x2-P,C-P(i-Pr)2(C(CH3)2)(P(i-Pr)3) (d3-MeCN)][B(C6F5)4][0185]
Sodium carbonate (0.1914 g, 1.8058 mmol) was added to an

WO awstenitwte-d3 solution (3.5 mL) of PCT/US2004/037983
[Pd(x2-O,0'-(DACc)(P(i-Pr)3)2][B(C6F5)4] (0.1625 g, 0.1395 mmol) and
the resulting heterogeneous mixture was stirred for 15 h at room
temperature The reaction mixture was filtered and volatiles from the

dflltr ere ved under reduce? ressure to give a, waxy material
g\jrb ?ﬁa%ba‘rﬁﬁg "&Eﬁ(‘fﬁ@? tr%? Fft §5)o temperature
fc@dsnh&:ﬁ:ol)][a(ﬂGESMﬂhsﬁa{ﬂrtH»hMMRe{@IBG:NjeayEddEc(’dpbtamed by

A B iy SRR o e B TR Ao 393 o

pdﬂm§phbr3@)HZ4 0 (br, metalated phosphorus) 1H NMR (THF-d8): S 1.29
(m, 18H, CH(CH3)2), 1.46 (did, J = 174Hz 15.3 Hz, 12H, CH(CH3)2

and d, J = 17.4 Hz, 6H, C(CH3B}% - J =12.75 Hz; 9.75 Hz, 6H,
CH(CHB8Paratiqmoteis Pé'd%r HEGHBIRERD 2 E3c1H)
NMR (THF-ds): 6 1.33 (m), '!'Szf.’yéd (G545 1 Hz), 20.5 (m), 21.9, 23.8

185} B Tt té‘éolé% WEGE TR
d@@@l@w mmmmmnamaxmmusmmamss foIRA] B&imilar

Pr) 3)9?(/'10%&0[!%%( 6’05:5 - F-’f?,%(%‘&lt%%g(?&hed at room temperature

N)|[B(C5F5)4 can be prepared Iin proteo-acetonitrile. Example
feropgepatitidhchen the solutlon filtered and the product obtained by

eGapGIdREnRo i IBRelk (@ )@( 533 9l GBRa) 55038 (&);
, The compound of the formula [Pd(x2-O,0'-OAc)(P(i- Pr)3)2][(B(C6F5)4]

fﬁ"5073§ 96%'1\7360 mmol) was dissolved in dichloromethane (6.0 mL) and
stirred. To the above solution was add d ichloromethane (6 mL) solution

el SR @5’ @;gr R e
solution. Volatiles were remove [a (r d pressure to furnish the

[019¢fe compemac -9 YiRld (#8Bared in 95% yield from [PA(P(i-Pr)s)a(ic-
0,0'-0OAC)][(B(CgFs)4] (0.5034 g, 0.4321 mmol) and 4-terf-butylpyridine
(0.2282 g, 1.6877 mmal) in dichloromethane (10 mL) by a procedure
similar to that adopted to prepare compound of Example 61, *'P{'"H} NMR
(CDCl3): & 49.2 (d), 36.4 (d); 2Jpp = 32.94 Hz. '"H NMR (CDCl3): & 1.11-
1.25 (m, 2*H, CH(CHa)z, ring-C(CHa)2), 1.33 (s, 9H, C(CH3)s), 1.40 (dd,
3Jun = 7.10 Hz; *Jpn = 4.95 Hz, 6H, ring-CH(CHs)2), 1.46 (dd, *Juyu = 7.20
Hz, ®Jpn = 5.10 Hz, 6H, ring-CH(CHs)2), 1.99 (m, 3H, CH(CH3)2), 2.50 (m
2H, ring-CH(CHa)z), 7.48 (d, 3Jun = 6.00 Hz, 2H, 4-Bu'CsH4N), 8.36 (d, *Jun
= 6.00 Hz, 2H, 4-t-BuCsHsN). "*C{'"H} NMR (CDCls): § 20.2, 20.4 (d, %Jpc =
3.15 Hz), 21.9 (d, Apc = 2.55 Hz), 22.6 (m), 24.6 (d, "Jcp = 13.95 Hz),
24.7 (dd, "Jep = 25.20 Hz; 3Jcp = 3.15 Hz), 30.3, 35.4, 40.5 (dd, %Jpg =
46.20; 29.30 Hz, 'C, ring-C(CHs)s), 123.3, 124.0 (br), 136.4 (d, "Jer =
245.40 Hz), 138.4 (d, "Jor = 244.80 Hz), 148.4 (d, "Jer = 240.30 Hz),
150.6, 164.1. Anal. Calcd. for Cs1HsaNP2PdBF20: C, 49.39; H, 4.39; N,
1.13%. Found: C, 49.54; H, 4.15; N, 1.44,
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mg). Crystals were grown by vapor diffusion of pentane (or heptane) into
the ether solution of

wo emiee(xe-P,C-P(i-Pr)2(C(CH3)2)(P(i-Pr)3)(NC5H5)][B(C6F5pétin o hdW i 7983
tube (5 mm, 9 inch) over a period of 3 days (see Figure 4 for X-ray
structure). Assignments of the 'H and 13C peaks were unambiguously
made with the aid of two dimensional HMQC, HMBC and COSY NMR
spectroscopic measurements. %13 (CDCI3): 6 49.1 (d), 37.2 (d)

3 3R ROA Mot HANMBHRE S Ao SHISHER: wsin
e Sy gt .gm%*%%%é sk using
CH(CH3)2), 2.52 (m, 2H, fing- é"H(CHs)z) 7350 (t, 3JHH = 630 Hz, 2

EfFEEN ArBLtyi3IBdS & in. PR VB takteG Bieidje 8 Wésawymér%tians
2H, C5H5N). 13C{1H} NMR (CDCI3): 6 20.1, 20.3,21.8,22.5,24.6 (d,
1Jcy 213.8 gz , 24.8 (td, 1£J§Lp =28.77 HZA_): 40.9 (dd, 2Jpc %45.98, 28.27
Hz, 1EXx# Cletmypiity o 15, 126.2,4H6.4 (d| 1JBe=ak 28810 Hz),
13814 (dmp(— 24&@@%@8?22’ 8 148(d/@) 1J(CF3 = 237.686H7) 151]1.
Anal_CafQ for CA7HAMREPPIREP0: C232.88: H| 3.92: N14.38%
Foupd: BU7.67: H 3 NE€sNs 1 17 See R8T 4far structural42.4
reprnqprﬁgﬁnn anrgrﬁﬂ\/@?lm'rpnar Tlﬂh%ﬁ [Pd (x2-P,_ 141.7
C-P(i-PrB3c(CHR) %R MRRY 6. MeopRBRE(C6E5)4] (0188130 a vial
Pd(P(i-Pr)3)2(x2- O - OAC)][(B(CGEB)a]Z(O 1029) was dissolved in
hIo methan 0 mL) to which as adde 6 O 2005/042147
L Bt AR R AR R
cmrzymbabcmoanmmpéltammhmytsﬂgl hotyaneémiee(1 thg Jselereoohfdtgest] aitt
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Fere pagiaiorati D oxs-FReR0:p, CTPG mﬁmm@yﬁ;mumm@qgrﬁheawd from

IS AREAPBASOFOXS] SR LNA MRl of 10°C/minute and AH and peak
Pd(P(i-Pr)3)2(x2-O,0'-OAc)][(B C6F5)41 (0.1029g) was dissolved in

tﬁmﬁﬂ@wﬁﬁaﬁéiﬂrﬁ%%@ RriiHerRRli RePD @D@uﬁéiﬂ?fﬁ?ﬁﬁr AQSC)
[ (0008088 s Thee t0keitinb suassiieeal alosam sempeiateseentially fully cured.

The residual monomer was determined by performing a mass

polymerization (80°C for 30 minutes/130°C for 30 minutes) and running a
DSC. Result: As shown in Table 2, as the strength of the Lewis base
increases the peak temperature of the polymerization (a higher of the
activation temperature of the polymerization) ’compared to the Example 60
control. Therefore, the latency of formulations containing cis-[Pd(x*-P, C-
P(i-Pr)2(C{CH2)CH3)P(i-Pr)3)(LB)][B(CeF 5)4] species can be improved
(extended pot or working life) by the addition of appropriate Lewis bases.
Examples 66-67

Preparation of Hydride and Deuterium Derivatives of Cationic Palladium
Hydride Initiators

Example 66
Preparation of trans-[(Cy3P),Pd(H)(MeCN)][B(CsFs)al

[0192] To an acetonitrile (30.0 mL) solution of Pd(H)CI(PCys)2 (300 mg,
0.43 mmol) kept at 0 °C was added a solution of [Ag(toluene)s][B(CeF5)4]
(415 mg, 0.43 mmo!) in acetonitrile (20 mL) via cannula. The resulting

mixture was stirred for 1 hour and then filtered to remove precipitated
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for one hour and then the solution filtered and the product obtained by
evaporation of the solvent. 31P{1H} NMR (CD2C12): 6 47.18 (d), 35.92
(d); ZJPP = 31.65 Hz. Example 64 Preparation of

wo eigJes(x2-P,C-P(i-Pr)2(C(CH3)2)P(i-Pr)3)(4-t- BUC5H4N)][BX{CHES)dd4/037983
[0190] The title complex was prepared in 95% vyield from
[PA(P(i-Pr)3)2(1c2_ O,0'-OAc)][(B(C6F5)4] (0.5034 g, 0.4321 mmol) and
4-tert-butylpyridine (0.2282 g, 1.6877 mmol) in dichloromethane (10 ml-)
by a procedure similar to that adopted to pr gare compound of Example

' %@%ﬁf‘ﬁ}vﬂﬁlﬂefd’ﬁé‘iéﬁ'e@ ARG d38 g st yigl Iﬁuzyeﬂi?w
RNAR (\eé)e)se)a 6 1&3%25%@&4@@«&@}13&)21 St G(CHB)R) 6.83 s,
QH C(CH 7 J 4
nrigpgﬁz(::f—l g @j?dgi%“%ﬁm §§_|P(|T %?1—'0 ﬁ% 61 )y 228 (s,
FingQH4@M3 5’{iP@9I\(MF<3¢¢Mt|01e3§ 2B (Galgsh, ifg-CH(CH3)2),

A8 (BB E.0.Q0 B3, ot 14-Bh & SAND B3¢l 53840412 24,
4-t-BuC5H4N). 13CFH 1 NMR (EDCI3): 6 20.2, 20.4 (d, 2JPC = 3.15-Hz),

N109@, Firroasivelyebts RPN LWATRrerAIe INAuaiteiiyE,

yidepisy EEeZEbbJéﬂBdQ)F[&éé(Hﬁ\)(%@l%{B&%F@Ql%@iﬂ[Qd eG4 20
rn CH3 §Q"123 .3,124.0 (br), 136.4 (d, 1JcF = 245.40

29,30 Hz, (C}r
51481 & fﬁ’ [¥7), 148.4 (d, 1JcF = 240.30 Hz), 150.6,
1641 Anal. Calcd. for 051H54§ ?%%F@ . C, 49 39; H 4.39; N, 1.13%.

Found: C, A3 bkidnl8i Hlarks? cg {B(C6Fs)
PCT/US2004/037983 Example olymerlzatlon of ecylno i)ornene and

[01 QB’jmem@xyeiiymwbem mﬁmrg(wwatﬁﬁ(ﬂusenf@)‘ﬂp@sﬂhlmﬂol) in a
;fllladgl P{n|tl%tr%s Eﬁe&_]ot:en ase ir in,d I?r% etala Jr%Sd Species in
Mass ymerlza Ions xamp ntlty of Lewis %\ éak" o Base
desysasd D20 (2 mL) was added Almost immediately the suspension
cleared to a biphasic mixture of a clear aqueous layer and a soluble, pale
green organic layer. The mixture was stirred for 2 hours and the organic
layer was decanted via cannula and reduced to dryness leaving a very
slightly pale green solid. Yield 2.32.g. "H NMR showed only 15% residual
N-H while 2H NMR clearly showed the incorporation of ?H into the N-H

bond. ,

[0194] A suspension of Pd(PCys); (0.50 g, 7.5 mmol) and
2HN(CH3),Ph[B(CeFs5)4] (0.80 g, 7.5 mmol) in ds-MeCN (5 mL) was stirred
for 2 hours at which time an aliquot was removed for analysis. 'H and *'P
NMR indicated the formation of [Pd(*H)(MeCN)(PCys):l[B(CesF5)4] and that
no starting material remained so the aliquot was returned to the parent
suspension which was subsequently filtered to removed the remaining
solids. The filtrate was then concentrated to dryness leaving a beige foam.
Yield 0.73 g. 'H, ?H and *'P NMR showed the desired product had formed
with approximately 50% incorporation of ?H into the Pd-H bond. Some *H

incorporation into the PCys groups was also observed.
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60MeCN232.5114.3 61NC5H5261.4142.4 622,6-Me2py249.5141.7

632,6-Me2pyz232.3132.2 Table 2 [0191] For each of Examples 60 to 63,
wo 200583:28 (mol%) mixture of decylnorbornene and PCT/US2004/037983

trimethoxysilylnorbornene (10 g) were charged with the proinitiator

cis-[Pd(x2-P,C-P(i-Pr)2(C(CH2)CH3)P(i-Pr)3)(LB)][B(C6F5)4] at a molar

ratio of 25,000:1. The reaction mixture was then heated from room

temperature to 300C at a rate of 10C/minute and AH and peak

temperature measured usingsaDiffereG8a88E&Ining Calorimeter (DSC).

In all cases, the tHEififiestafiantopic bakshed arlcatenentially fully cured.

The residual monomer was determined béé)erforming a mass

T T
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control. Therefore, the latency of formulations containing cis-é d(x2-P,C-

C
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added a solution o A‘g oluene)3]l mmo
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QEetemitals (20 me c%ﬂﬁu}é?*ﬁﬁé%éﬁﬁﬂg ARtLfeivastintampient
faent agutken filtergdAasp g v DFS GiitatRd tith W P @39 44 otice ably

PCT/US2004/037983 AgCI, The volatiles were then removed under
DR BRI Hiah e olaEs0 i R TR B 68
whs. B2 IBWirgoveniiea, tHidHs &1dtihn inl 0idl. BB pnfio3aHd, Gkt b)pre readily.

éo?%a?r?pigb \%%Ha 8]%'3&8)ir252§2§5°0 oven for 1 hour. Both samples

cured to a solid mass.

. Example 69
Polymerization of Decylnorbornene and Trimethoxysilylnorbornene using
- Pd-H and Pd-D Based Palladium Proinitiators

[0196] Into each of two separate vials was charged an 80:20 (mol %)
mixture of decylnorbornene and trimethoxysilylndrbornene (2 g, 8.7 mmol)
and a magnetic stir bar. To one of the vials (vial 69a) was added a CHxCl;
‘solution (100 pL) of [Pd(H)(MeCN)(PCy3)2][B(CsF5)4] (Pd 1388; 0.5 mg,
3.5 x 107 mol) while to the other vial (vial 69b) was added a CHzCl,
solution (100 pL) of [Pd(zH)(MeCN)(PCyg)g][B(CeF5)4]' (d4-Pd 1388; 0.5
mg, 3.5 x 10" mol). Both vials were sealed and set to stir at ambient
temperature (21 °C). After 24 hours the solution in vial 69a was noticeably
more viscous than that in vial 69b. Both samples were placed in a 130°C

oven for 1 hour. Both samples cured to a solid mass.

Example 70
Preparation of trans-[(P-i-Pr3),Pd(H)(MeCN)][B(C¢sFs)a]

[0197] trans-[(P-i-Pr3)2Pd(H)CI] (292 mg, 0.630 mmol) was stirred in

acetonitrile (6.0 mL) and cooled to -35 °C. To this suspension was slowly



3H, CH3CN). 31P{'H} NMR (CDCI3): 6 43.6. Anal. Calcd. for
C62H70NP2PdBF20: C, 53.64; H, 5.08; IN, 1.01 %. Found: C, 53.64; H,
5.07; N, 0.96. Alternatively, the title compound was prepared in

wo [uapiiative yield by the reaction of [Me2(H)NC6HS5][B(C6F$i4i/anzh04/037983
[PA(PCy3)2] in acetonitrile at room temperature. Example 67 Preparation
of trans-[(Cy3P)2Pd(2H)(MeCN)][B(C6F5)4] [0193] A green suspension of
HN(CH3)2Ph[B(C6F5)4 (2.50 g, 3.1 mmol) in a 1:1 mixture of toluene and

%%@I&A (;5911@&)%@@(;&r(ﬁ%ﬁ&jjgﬁrpx@{yold@ig@sﬁg(amég]hmy\m,

. Almqst im iately the suspension _cleare a biphagic mixtyre
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Yield 2.32 g. 1H NMR showed only 15% residual N-H while 2H NMR
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Isotopic Labe n Latency
Decylnorbornene and TrimethoxggiihigEbpinene using PCy3 and
d33-PCy3 Based Palladiurp d{psritRgE$0,C CHs):

[0198] Triisopropy! arsine (As-i-Pr3) was prepared by the method of Dyke,
W. J. C.; Jones, W. J. (J. Chem. Soc. 1930, 2426-2430). The reaction of
AsCI3 (21.6 mmol) with i-PrMgCl (76 mmol) in diethyl ether and distilled in
vacuo (b.p. 37 °C/3 mmHg), 2.90g, 65.7% yield. '"H NMR (CDCls): 8 1.18
ppm (d, 18H, CHa, JHH=7.2 Hz); 5 1.86 (m, 3H, CH). ‘

[0199] To a stirred chloroform solution (10 mL) of Pd(OAc), (0.229 g, 1.20
mmotl), As—i-Prg (0.420 g, 2.06 mmol) was added under a nitrogen
atmosphere and stirred for 1 hour. THe solvent was removed in vacuo, and
the residue was washed with hexanes. 0.630 g (97.5 %) pale yellow
powder was obtained. "H NMR (400 MHz, CDCls): 3 1.41 ppm (d, 36H,
CH3); 6 2.26 (m, 6H, CH); 8 1.79 (s, 6H, CHsCOOQ).

Example 72
[Pd(As-i-Pr3)a(k*-0;CCH3)2)1[(B(C6Fs5)4]

[0200] Pd(As-i-Pr3)2(02CCHs)2 (0.321g, 0.507 mmol) and p-toluenesulfonic
acid (HOTs) (0.102g, 0.536 mmol) were dissolved by 10 mL
dichloromethane. The mixture was stirred under nitrogen at room

temperature for 22 hours. 5 mlL dichloromethane solution of
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[0195] Into each of two separate vials was charged an 80:20 (Mal %)

mixture of decylnorbornene and trimethoxysilylnorbornene (2 g, 8.7 mmol)
WO znd/@maennetic stir bar. To one of the vials (vial 68a) was adeler @82004/037983

CH2CI2 solution (100 pL) of [Pd(OAc)(MeCN)(PCy3)2][B(C6F5)4I (Pd

1446; 0.5 mg, 3.5 x 10-7 mol) while to the other vial (vial 68b) was added

a CH2CI2 solution (100 pL) of [Pd(OAc)(MeCN)(dSS PCY3)zI[B(C6F5)4]

0.5 3 5 x 10- h vial d
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Mmerxgsiy/rorornene (2 g, 8.7 mmol) and a magnetic stir bar. To one
of the vials (vial 69a) was added a CHZCIZ solution (100 pL) of

[Pd(H)(MeCN)(PCy3)2][B(C6FS5aprale 388: 0.5 mg, 3.5 x 10'7 mol)
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(6.0 mL) and cooled to -35 'C. To this suspension was slowly 72 WO
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Example 74
Polymerization of Decylnorbornene/Trimethoxysilylnorbornene

[0202] A solution of [Pd(As-i-Pr3)2(O2CCH3)(NCCH,3)I[(B(CsF5)4] (0.0005 g)
in CH2Cl (0.1 mL) was added to a pan containing a mixture of
decylnorbornene (1.63 g) and trimethoxysilylnorbornene (0.37 g) and
heated to 130 °C, the resulting mixture formed a gel within 4 minutes.
After 1 hour a solid mass was obtained. A sample of the solution was also
heated from room temperature to 300°C at a rate of 10°C/minute and AH
and peak temperature measured using a Differential Scanning Calorimeter
(DSC). The results of the DSC experiment AH = 200.8 J/g; Peak Temp =
89.0 °C.

Example 75
trans-[Pd(CH3)(P(i-Pr)3)2(NCCH,)|[FABA]

[0203] In a No-filled flask a grey suspension of Pd(CH3)CI(P'Pra), (0.29 g,
0.61 mmol) in CHaCN (20 mL) was set to stir as a CH3CN solution (10 mL)
of Ag(toluene)g[B(C5F5)4] (0.59 g, 0.61 mmol) was added resulting in an
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within 15 min afforded a precipitate (presumably AgCl) and was stirred for

additional 2 h at room temperature. This solution was then filtered through

a 0.45 pm filter, and the volatileswere removed under vacuum to furnish
WO bt trans-[(P-i-Pr3)2Pd(H)(MeCN)][B(C6F5)4] in quan®Eiessield3 7983

(99%). Anal. Calcd, for C44H46NP2PdBF20: C, 46.04; H, 4.04; N, 1.22%.

Found: C, 45.88; H, 3.71; N,1.02. 31P{1H} NMR (CDC13): 6 55.5. 'H NMR

(CDCI3): b -15.26 (t, 2j PH = 7.35 Hz, 1H, PdH), 1.23 (m, 36H,

OM{CHRP) clearing. eactmefeﬂn@m@pwﬁswdsHTWSM)ewH}Nas

AR G PCLRr Rr 25, rﬁ%te%‘*a%évtﬂeﬁ'fhte’.%pdﬁr}sﬁ hid § 4L 2AR0n
Ebr) 125.3,136.4 (d, 1JcF = 238.3 Hz), 138.4 (d, 'JcF = 239.7 Hz), 1484
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Triisopropyi arsine (As-i-Pr3) was prepared by the method of Dyke, W. J.

C.; Jones, W. J. (J. Che The reaction of
AsC13 (21.6 mmol) Wlthnﬁ-lg%\/l é&%% E%égﬁ?ég lethyl ether and distilled
in vacuo (b.p. 37 C/3 mmHg), 2 8Remphe/#6 yield. 1H NMR (CDC13): b
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Example 77

In Situ Generation of cis-[(P(i-Pr);)Pd(ic*-P,C-P(i-Pr;)CMe;)
(CD3CN)][B(C6Fs)4]

[0205] Complex [Pd(1*-0,0'-0Ac)(P(i-Pr)s)2][B(CsFs)4] (55 mg, 47 pmol)
was dissolved in acetonitrile-ds (0.79 mL) in air and stored in the same
solvent until cyclometalation was complete as revealed by *'P NMR
spectroscopy. Subsequently, acetonitrile-ds was removed under vacuum
to furnish the oil. NMR ('H and *'P) spectrum of the above oil reveal the
presence of starting material and cis-[(P(i-Pr)s)Pd(x*-P, C-P(i-Pra)CMez)
(CD3sCN)][B(CsF5)a] in approximately 70 and 30% vyield. Thus, the
formation of metallated species from [Pd(1<*>-0,0'-OAc)
(P(i~Pr)3)2]IB(CeF5)4] can occur at mild temperature and conditions.
Likewise, an equivalent sample of [Pd(i®-0,0'-OAc)(P (i-Pr)s)2][B(CsF5)4]
dissolved in dg-THFin the presence of 1 eq. of CH3CN converted to
cis-{(P(i-Pris)Pd(x?-P, C-P(i-Pr2)CMe)(CDsCN)I[B(CesFs)4] at room

temperature.
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for 15 min at room temperature. Precipitated salt LIOAc was filtered out

and the volatiles were removed in vacuo. The sticky residue was washed
wo withdagxanes and diethyl ether; 0.175 g (yield 28 %) bright yedow spondes7983

product was collected after filtration and dried in vacuo."H NMR (400

MHz, CDCI3): b 1.47 ppm (d, 36H, CH3); 6 2.50 (m, 6H, CH); 5 2.03 (s,

3H, CH3COO), CH). Example 73

[Pd(As-i-Pr3)2(02CCH3)(NCCH n{C'6F 4] [0201]
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Example 79
Conversion of cis-[(P(i-Pr)3)Pd(x*-P, C-P(i~Prz)C Me2)(CD3CN)I[B(CsFs)4] to
trans-[(P(i-Pr)3(P-i-Prz(isopropenyl)Pd(H)(MeCN)]}[B(CsFs)s]

[0207] Complex cis-[(P(i-Pr)s)Pd(k*-P, C-P(i-Pry)CMe;) (CD3CN)|[B(CsFs)4
(40 mg) was dissolved in chloroform-ds (1 mL) under nitrogen. At room
temperature, the complex converted quantitatively from starting material
into a new hydride species trans-[(P(i-Pr)3)('P(i-Pr)z(isopropenyI)Pd(H)
(MeCN)I[B(CeFs)4] (*'P{"H} NMR (CDCls): 6 52.53 and 46.45 (Jp.p = 320
Hz)) (Complex E in Figure 1). The proton NMR exhibited an AB pattern at
0 -15.25 ppm with analogous new vinylic resonances in the region of 5.90
to 5.60 confirming that a propenyl group was generated via a B-hydride
elimination to generate a bound isopropenyldiisopropylphosphine ligand.
Further monitoring of the reaction lead to a broadening of the resonances
in both the *'P and "H spectra indicating that phosphine exchange was
occurring. The intensity of the signal for the Pd-H resonance (ca. 815.2
ppm) remained constant during the experiment indicating there was no

depletion of the product.



PCT/US2004/037983 immediate clearing and reformation of grey solids.
The suspension was allowed to stir for 15 minutes and then filtered
through a 0.45 m Teflon filter and the pale yellow filtrate reduced dryness
WOLH8rdH £ off-white foam. Yield 0.43 g (62 %). 31P NMR (GDRAUR2)/0637983
40.2 ppm. Thermolysis Experiments Example 76
trans-[Pd(OACc)(P(R)3)2(MeCN)][B(C6F5)4] (R = Cy, i-Pr) [0204] trans-
[Pd(OAC)(P(Cy)B)Z(MeCN)j[B(C6F5)4](26 5 mg, 0.0183 mmol) and
trans-[Pd(OAc)(P(i-Pr)3)2(MeC QFEQ ] (22.2 mg, 0.0184 mmol)

re dls erseg I?S%Gggpgc%ﬂ'- ' géf E 8%%232 é\lﬂyﬂ? e\?'vlgr%'um

heated to 58-62 C, cooled to ro m em ature, and 31P and 1H NMR
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dpﬂB? % Tnmu uc

ctrum o OVeE 0i reveaFthe prgsence 0

GW&YQ%&@@V@E@@[(p§prpa1)®)@u4tb2apsmgn@m§gwg; signal at
(556 AN GG dn epepsimaralciP aaRalonioseld Tys. the

formation of metallated species from [Pd(x2-O,0'-OAc)

(P(i- Pr)3)2][B(C5F5)4] can occurﬁt mllq tesmperature and conditions.

o OB B ST g

resence of | eq. of CH3CN converted

[028%1[(PGW@’ﬁydkpdg-@@W@?ﬁﬁ’é’ﬁféﬁﬂ@%@k@ﬁﬂﬁ%@m K984 was
trsaperate (& PSURAPE 4] ¢V MOTIH83PARMBGE933The solution was

heated to 55°C and monitoring the reaction by *'P NMR. During 180
minutes of heating, the presence of

[Pd(*-O,0'"- CMes)(P(i-Pr)s)2][B(CeFs)4] was observed and the mixture
was fully converted into a mixture of palladium hydride species, E, F, and
G in Figure 1 in approximately 55% vyield. The product was characterized
by a Pd-H resonance with a single phosphorus signal at 6 56.2 ppm

(singlet) and a broad proton signal at 8-15.4 ppm.

Example 82a and 82b
Latency Comparison of Pyridine- vs. Acetonitrile-Supported Proinitiators.

[0210] Twao vials were charged an 80:20 (mol %) mixture of
decylnorbornene and trimethoxysilyinorbornene (2 g, 8.7 mmol) and a
magnetic stir bar. Into the first vial (82a) was added a CH2Cl; solution (100
ML) of
[Pd(P-i-Pr3)2(OAc)(MeCN)] [B(CgFs)s] (Pd 1206; 0.4 mg, 3.5 x 10-7 mol)
while to the other (82b) was added a CH,Cl, solution (100 uL) of
[Pd(P-i-Pr3)2(OAc)(NCsHs)I[B(CsF5)4] (0.4 mg, 3.5 x 10-7 mol). The vials

were sealed and set to stir at ambient temperature (21 °C). After 70 hours,
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Example 78 Thermolysis of trans-[Pd(P(i-Pr)3)2(OAc)(MeCN)][B(C6F5)4]
[0206] trans-[Pd(P(i-Pr)3)2(OAc)(MeCN)I(B(C6F5)4] (40 mg) was

wo gliesolegedr in dried and deoxygenated tetrahydrofuran-d6 (0.P@TusRonnces7983
nitrogen. The tube was then heated at 55C and the thermolysis reaction
continuously monitored by 31P NMR spectroscopy for 120 minutes.
Through the course of the reaction, the signal for trans-[Pd(P(i-

f@)@ﬁé@@f@l\%@\lﬂlmﬁﬁ%}/@§§E§Qfﬂé$1VE'ﬁhm$Iémmﬂﬁmple of
ormation of a signal atfri able to the formation of. m a ium
e 81 Bt R e PRI 01300 e BN R 951
ttafSienin inecame dikte s nfstixel Oeak BATHEG-RIIS)AHBQER5)Sing 200)
%ﬁ%ﬁ%@%@%ﬁ)@%&@g%ﬁﬁ:%%)A] BT I Elgare 3o samele
ws@ripredan arhdbveranenioersippusfand cured to a solid mass.
trans-[Pd(P(i-Pr)3)z(OAc)(MeCN)][B(C6F5)4l to a mixture of the hydride

spetiEesEAf, aTdhGy was matety S0%qExaple 786, T Gf
C;-[(%%%Pd(xiP%ﬁl}(%szé% 02 (CD3%C0‘-I{II)_(]? [)CPGFS 4{9;%”?%'?60)

rtrans-[(BE5PT)3(P-IrPr2(isopggoeny PA(H)(Me ) §B(CEF5)24] (029¢]g

Complggegis-[(PT-FPr)3)Pd(xggP . C-P-Pr2)CMeg) G D3TN)I[B(Cohmg4 (40

mg) was dissolved in chioroform-d3 (I mL) under nittogen. At room

[02?19{']'pefﬂﬁwﬁ%§%ﬂp@éﬁt9m&5?%?@g@gﬁ{%ﬂg?méi%"t"ﬂ@bf{;ﬂg«ﬁ'
INTO a new nyari Species trans- I-Fr I-Fr)Z(1ISOProp €n n
(R/f@ﬁﬁkﬁﬁ'[‘%’(&%ﬁ%)eﬁ? @S gaNM m%goé ¥ 88 Qﬁarﬁé’.ﬁ%%%ﬁe‘sﬂ%

B828eHz)) (Complex E in Figure 1). The proton NMR exhibited an AB
pattern at o -15.25 ppm with analogous new vinylic resonances in the
region of 5.90 to 5.60 confifrfiHgRIBLAHANERIPgroup was generated via
a (Catymilcigl € optiprnzicon dp Ryridiats ashAuwtonitrile-Supported Metalated
isopropenyldiisopropylphosphinﬁ, 'i&%ﬁ?atgr%”hef monitoring of the
reaction lead to a broadening of the resonances in both the 31P and 1H
[02424 ctrd WelidatipgveTet phgpineneXeiRhGmalas) seedwia®f The intensity

AEEEn IR RO SRR IS botneh LB, '8 aiadiF apeiant

during the experiment indicating there was no depletion of the product. 76
magnetic stir bar. Into the firsfvial (83a) was added a CHxCl, solution

(100 pL) of

[(P-i-Pr3)Pd(x*-P,C-P-i-PraCMe2)(NCsHs)][B(CsFs)a] (0.4 mg, 3.5 x 1077
mol) while to the other (83b) was added a CH2Cl\, solution (100 pL) of
[(P-i-Pr3)Pd(1>-P,C-P-i-ProCMey)(CH3CN)[B(CeF 5)4] (0.4 mg, 3.5 x 107
mol). Both vials were sealed and set to stir at ambient temperature
(21°C). After 23 hours, Example 83b was much more viscous than
Example 83a. After 70 hours, Example 83b was barely flowing while
Example 83a flowed freely. A sample of each of vial was also heated from
room temperature to 300°C at a rate of 10°C/minute and AH, on-set and
peak temperature measured using a Differential Scanning Calorimeter
(DSC). The remainder of each sample was placed in a 130°C oven for 1

hour and cured to a solid mass.

Example Cn-set Temp. AH (J/g) Peak Temp. (°C)
°C)
83a 82 226.2 139.9
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WO 2005/042147 PCT/US2004/037983 Example 80 Conversion of
[Pd(x2-0,0'-OAc)(P(i-Pr)3)2][B(C6F5)4] to Cationic Palladium Hydride
Species [0208] Complex [Pd (,<:2_0 0'-CAc)(P(i-Pr)3)21[B(C6F5)41 (40

wo B@3magdissolved in tetrahydrofuran-d5 (1 mL) containing legauii@nroafoss
acetonitrile under nitrogen. The solution was heated to 55C and
monitoring the reaction by 31P NMR, the presence of cis-[Pd(x2-P,C-P(i

characterized by a Pd-H resonance with a sinfle hos%%orus signal at b

[0Z38 pplhishyRs Y e srsaaRpotsmagatries thaizhe el iple 81

EomversiomotHTCie 2xteMedi Bl-ta D8 (eltei 3)H e ppmpstitad iabanic
Palladium Hydride Species [0209] Complex
[BRB2CCMe3)(P(i-Pr)3)2(NCCH3)|[B(C6F5)4] (40 mg) was dissolved in

[OZﬂghV%'SDﬁUﬁﬂth%éllr:@lbbu@iﬂfzgiﬁggﬁﬂeﬁb%ém@ﬁ' 8 lggécélﬁ@@dcewith
5C and monitoring the reaction 1P N . Durin inutes o
TRS TSR I B kiR ot ribanebab A Be) AT EP e s
- plastrisd arzhthly shisysienveal. &lllya cingErtednmtoree niigptwieitieipad ladium
; : | o-E . . % wield. Th
WeHOmSP AR te BT TGk dpaR Rt andaial. e
digaiienaseibshewidbingraliaed HBlcmaneioe gl thes1ssepom.

ATARIh 37R 8k 8R Rik ate M GRBIRAES U SFiB ¥ IHEIBDYS. for forming such
Acetonitrile-SuE]ported Proinitiators. [Oi%% Two vials were charged an

862 B Aol AR Y B YRS MorBBrEE SHARARNSEYRIRTH 8ffene
(Bgid. fompoth) randsaanthgakittostipbigmbntadkierfgst vial (82a) was added
a CH2CJ2 solution (100 L) of [Pd(P-i-Pr3)2(OAc)(MeCN)] E(Q6F5)4] (Pd

[0213d6; diA%Rls% hers- 5RONRhRYEH FRIDMR SUIBTWAERMIPAtS of the

GHR6H Boletition( TR @kpekiderable advantages over currently known two
part systems for mass polymerization in that these systems do not require
the mixing multiple parts (Examples 44-47, among others) and could be
dispensed over a longer period of time without significant viscosity change
{(Example 51, among othérs). In addition, such a one part system would
not suffer from the attendant difficulties associated with the formulation of
two separate parts, errors in mixing those parts just prior to use, and the
potentially excessive waste that resuits when the working life of the
mixture expires before the amount mixed is consumed. It should also be
apparent that an isolable, latent proinitiator for use in solvent
polymerization systems can be advantageous (Examples 36-39, among
others). For example, such an isolable proinitiator could be made in large
quantities thus reducing manufacturing costs, and its activity could be -
determined before its use to initiate a polymerization thereby reducing the
cost of the desired polymer by eliminating the need to employ excess
initiator to insure the desired conversion ratio. Further, such a single
component proinitiator would allow for better control of metered
polymerizations. Accordingly, there is a need for such a single component
latent proinitiator system to at least provide the advantages mentioned

above.
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[PA(P-i-Pr3)2(OAc)(NC5H5)][B(C6F5)4] (0.4 mg, 3.5 x 10-7 mol). The
vials were sealed and set to stir at ambient temperature (21 C). After 70

WO bandre21#7 WO 2005/042147 PCT/US2004/037983 Example 82amsm04/037983
much more viscous than Example 82b. A sample of each vial was also
heated from room temperature to 300C at a rate of 10C/minute and AH,
on-set and peak temperature measured using a Differential Scanning

or| ete The rem inder of e chs I Wa laced ina 130 C
[ozgﬁn forrla gUr angldd?gcf? 59%% r%)g?e %R} m aCC acne
i) Feak rESRTY. lwpmnszmu%amsmmE%mMB@mE Fread

%e%a%%mn@Q?Wégséesftn%;hw%é%a@« QUL atens €A ot

be éxtended by the selection of an appropriate Lewis base..Example 83a

i eB Ry MUFHOPR EelrRsBRIGEBAERRC %%@wntﬁ@ps%%%oﬁﬂd
.N@tﬂi@tﬂ@loﬁ@arumt@rt&ex[@/@e?}me@Bﬁwlﬁﬁamﬁdraﬂb&}ibae wﬁelr%)at

mlxture of ecyl orbornene and t imethox %/gsn Inorb ene (2 oI)

SR8 RRgiRNe st%?“HfH? "F¥{?ﬁ§| 8%%
siliesnthd eatalysbislyBrerR s39P tif &, Eflés(é{ﬁ-lmentlon

2CMe\%)§NC5H5 [B(C6F5{)4] (0.4 mg 3.5 x10-7 mal) VY)hI|e to the other
[ozzggb) gl&gag ﬁle(ﬁrﬂgg §BIBIE%?1 ﬁrefdlﬁs%fnclud ut are not limited
6P di€efPid(RRR, C-&; |fﬁﬂﬁ@di@2)(6&[3€é\lal]|fﬂ(%>ﬁsbd]c(ﬂcmmg Sprxattach
?1%, Wg% h r\,flﬁdg elvseeal néjn%% tlrr] t%t | glrature
hours xamp was mor VISC

IEnetie lsg@rdomw ¢blncms§ero:uampmagei s/v@grm'é@eﬂdwﬁglmle
ngmﬁmlﬁg‘%%eﬁ@w&frestyaatéamei%&h%@%.@m?émeiﬁo heated from

room temperature to 300C at a rate of 10C/minute and AH, on-set and

ipsylaterisenagriomeRldhoPiagr RIHRASHGA BL TR UG HERer

coatings, conductive adhesives, reworkable adhesives, photosensitive
adhesives and dielectric film, resistors, inductors, capacitors, antennas .
and printed circuit board substrates. As known to the art and to the
literature, the definition of a chip includes an “integrated circuit” or “a small
wafer of a semiconductor material that forms the base for an integrated
circuit”, Mirriam Webster’'s Collegiate Dictionary, 10th Ed, 1993, Merriam-
Webster, Inc., Springfield, MA, USA. Thus the above electronic
applications such as multichip modules, chip encapsulants, chip protective
coatings, and the like relate to semiconductor substrates or components
and/or to integrated circuits containing the optical polymers of the present
invention which encapsulate the same, coat the same, and the like. The
optical coating or encapsulant thus readily serves as a covering or
packaging material for a chip or an integraed circuit, or a semiconductor,

which is a part of an optical semiconductor component.

[0218] In optical applications, uses include but are not limited to optical
films, ophthalmic lenses, wave guides, optical fiber, photosensitive optical
film, specialty lenses, windows, high refractive index film, laser optics,
color filters, optical adhesives, and optical connectors. Other optical
applications include the use of the above copolymers as coatings,

encapsulants, and the like for numerous types of light sensors including,
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(DSC). The remainder of each sample was placed in a 130C oven for |
hour and cured to a solid mass. ExampleOn-set Temp. AH (J/g)Peak
Temp. (C) (C) 83a822262139.9 78 WO 2005/042147

wo Rfed/i\32904/037983 83b 38 232.5 114.3 (0213] This comparetings2004/037983
example demonstrates that the pot life in formulations can be extended
by the selection of an appropriate Lewis base. [0214] By now it should be
realized that embodiments in accordance with the present invention have

been described that are advantageous one part, latent catalyst systems
(het, rosiligdasbinpohent peitiviee IdavieR 1eHBY) thae 42 s peseiggerd to

LathpHRRiARE) RRlyesradiqemAditanahs icneidd b iralizediidding

embodiments of the present invention have been described that also
drdlide MidiRGts 1 R7PiRiy R ERE pargnsraTiata RS RifREIRmhd
tbatrauch datadyst aysiensine. usehkddarrbriineass and soktidonterature,
polymerizations. OZJ@ gehgs al bgen seen that ucn I%atalysrt1 sc}/ste

oA SRR SP TR Re et iBed 27 Qv les R iidh e g 2 Bguce)

mmnponentvmmbwpamopadﬁ@bt@qmrmsb pralysneitiz ditjbih hetretb to a
tRSRG SIS AP AN SRR ARG Suxing nuliplepariRd mxampieR ddahic

among others) and could be “dispensed over a longer period of time
Wiﬂﬁiﬁé@ﬂﬁﬁé&%ﬁ%ﬁ@iw BRArjerse @R 8EeesRb Ry 6fBPsian Other

aglitigne SUsh@dRNecPaBr8YSIRM Y¥tdE cadi stdféerdioga hsiatirnsany
difficulties ?ssociat%d with the formeJIaE?n of two separate parts, errors in

IR RSSO SERP 5% AP 1REC YR Ean iR W o RS
theit s esd tnwhidor th e arockide) tifads thep enbdned digites absistentheimage

AnoHAL FEed B ComRIEA-t Shamd Alan e, BROAENNBANNBYARS and

proihitidtor for use in solvent Polymerization systems can be

- dbediltagedthr(mennplassss-B8; udsorryiouschigriirie danisies sueh &s iris-
iselahie aiBliiRtos Catid e fRade dh 88 mb print scanners, and the like.

[0219] Other optical end uses include various light emitting diodes which
are coated, encapsulated, etc. with the optical cycloolefin polymer.
Exemplary LEDs include visible light LEDs, white light LEDs, ultraviolet
light LEDs, laser LEDs, and the like. éuch LEDs can be utilized for
lighting systems in automaobiles, a backlight source in displays, for general

illumination, replacement of light bulbs, traffic lights and the like.
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guantities thus reducing manufacturing costs, and its activity could be
determined before its use to initiate a polymerization thereby reducing the
wo 206t/0fthe desired polymer by eliminating the need to employEres3604/037983
initiator to insure the desired conversion ratio. Further, such a single
component proinitiator would allow for better control of metered
polymerizations. Accordingly, there is a need for such a single component
l#ptne HdimIBistem to at least provide the advantages mentioned
above. 79 WO 2005/042147 PCT/US2004/037983 [0216] Finally, it shold -
be reali2egbthppthigooanhlystisy sempyigingcadrdiatiornyithitipe prégentesented

irg ention,ae weeful fay. preparing polymers for a broad range of
applications and or uses. Such applications include, but are not limited to,

microelectronic, optegtgsiiedadRptipal@rplications, ang) include

molded and otherwise formed constructs and/or devices where at least a

portion of the qOB&R (SR FBEFaie-ByipfetCitgm a polymer(bat utilizes
the catalyst systems of the present invention. [0217] Such microelectronic

applicatthesrIEER Ing e el Akensotiahpleatran drnettiganimyegre E is
reeiisaig mpddesrang sdRimsicyitte FRRRIaGRLRSIBREYaSIHRIRE Ibach

adhesives, chiﬁ encapsulants, glob tops, near hermetic board and chj

SrIRSRRRNES NS 0880 LN LN IAMAMHARY QMH&‘?@&%X'&&’B&%E&?Q
dieletiridy: sigin fapoureo oy dinsakbid rdootdi eitio te,oigh haltkgktinBdlatars,
high. tem wire .coatings,. con ive-adhesives, reworkabhl
S e e P SR A SR L Bcteo
ifldoteareapeter t)ianashoadaten @priditiosiacuidy tiedgsobistlids. asewis

‘ffé%‘él,r‘m}ﬂ?r@&éﬂé%@éhﬁe#@%ﬁ?ﬁ?diﬁé%r?&gﬂiﬂﬂg&F&»FJHQH&P%@hﬁﬁe@ér of

"integrated circuit" or "a small wafer of a semiconductor material that

formsOhe: BASPIEFANIRBTIREET eirBuit AUFRER RS BiAdghie!: 2

Dicsoaadyh L8t Edeifl3Meipampidenstelcited bbughietildAlddEdnic
Tnus theﬁ ove electrogic applications such as multichip modules, chip
i .

eneapedla %,C&Tﬁgy&ective coatings, and the like relate to

semiconductor substrates or components and/or to integrated circuits

capel i IR LA B TRE SEiE e TETRE T ooh o (P), arseni

(As), antimony (Sb) or bismuth (Bi).

3. The palladium compound of Claim 1, where each R is independently a -
linear and branched (C4-Czp) alkyl, (Cs-C+2) cycloalkyl, (C2-C42) alkenyl, (Cs-
C12) cycloalkenyl, (Cs-Czp) polycycioalkyl, (Cs-Cao) polycycloalkenyl or (Cg-C1z)
aryl group.

4. The palladium compound of Claim 3, where R is unidentate, symmetric
bidentate, asymmetric chelating bidentate, asymmetric bridging, symmetric
bridging or combinations thereof,

5. The palladium compound of Claim 1, where E is phosphorus (P) or
arsenic (As) and each R is a linear and branched (C4-Ca) alkyl, (C3-C12)
cycloalkyl, (C2-Cq2) alkenyl, (C3-C42) cycloalkenyl, (Cs-Cao) polycycloalkyl, (Cs-
Caz0) polycycloalkenyl or (Cg-C12) aryl group.
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optical coating or encapsulant thus readily serves as a covering or
packaging material for a chip or an integraed circuit, or a semiconductor,
which is a part of an optical semiconductor component. [0218] In optical

wo DPUeatiens, uses include but are not limited to optical filmeopiutatmes7983
lenses, wave guides, optical fiber, photosensitive optical film, specialty
lenses, windows, high refractive index film, laser optics, color filters,
optical adhesives, and optical connectors. Other optical applications
include the use of the above copolymers as coatings, encapsulants, and

tfie like Top meMlesfiotls DU It QeSS MEIRIRGI8 W and branched
2@9%532%@,F(@I@%%?é?;%gw?gézb@w%w@awm@ﬁara%n%u@ﬁﬂ, (Cs-
device (CCD) image sensors, an [ oxid

, complimentary metal oxide
S RN B RBAEY I 63y e Raly Ciplisiiy! 81iéPs 1MOS). IMOS can

be utilized to encapsulate arrays of chips, semiconductors, and the like.

As known to the art and to the literature, sensors can gen_er%gi(/ebe
describbBeRAiaGIEES sameR R effiiptidalVRBIRYYIRIAL S i BRSpiaR BP

lighissoivies, (Phichdsanspaks, bgihibryetern aneureiier VBIchsaTsmiten
light .at}erns, color, and the like to electronic sig((qﬂnals ?Nh%'cgcfan bel'segtr nd
S P2 BV OB BB I BT SN SRES MG SdhEnia
duehcetbiGathe)adkyor Eaiplpoyebadivg, (giah, patteuidllatoe)

SRS S o Lo

S, Imageé ‘scanners, digit

HrerereirR ERIuRPIReAE SNEIBEIRSHIEdd (s -Grrd Akl liles-Bthiesystorisy .
YessonglHenariass bjgneotisatvige U 3 p v RISARGT Sr (€108 1)

scanners, finger and thumb print scanners, and the like. (0219] Other
SN LRY IR F8HRYe various light emitting diodes which are coated,

encapsulated, etc. with the optical cycloolefin polymer. Exemplary LEDs
include visible Ii%ht LEDs, white light LEDs, ultraviolet light LEDs, laser

8=Ds, aRE ARARLISGRMPRDY C4f BEiEers Ry REHYRIRSHEN Honor
digtord e i diacilityintatotieryiptiisplaye, ticygsoeealiimyiptiosphine,
replacem f light bul raffic i angd.the like. 81 WO 20051042147
R TR RS e e
dicyclohexyladamantylphosphine, cyclohexyldiadamantylphosphine,
triisopropylphosphine, di-tert-butylisopropylphosphine, or
diisopropyl-tert-butylphosphine.

9. The palladium compound of Claim 1, where the neutral electron donor
ligand E(R3) is tri-n-propyiphosphine, tri-t-butylphosphine,
di-n-butyladamantylphosphine, dinorbornylphosphine,
t-butyldiphenylphosphine, isobropyldiphenylphosphine,
dicyclohexylphenylphosphine, di-tert-butylisopropylphosphine,
diisopropyl-tert-butylphosphine, di-tert-butyineopentylphosphine, or
dicyclohexylneopentylphosphine.
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1. A composition of matter comprising a palladium compound represented
by the Formula la or Ib: [(E(R)3)aPd(Q)(LB)bjp[WCA]r (la)

WO {edR)RNE(R)2R*)Pd(LB)]PjWCA]r (I b) where E(R)3 is a Gropprlbsheningst’oss
electron donor ligand where E is selected from a Group 15 element of the
Periodic Table of the Elements, each R independently is hydrogen,
deuterium or an anionic hydrocarbyl containing moiety; R* is an anionic

ydrocarByl QRN RS MG PGNEEHO PRI tHaYieg:a R a988nor

with respect to the Pd P%‘ IS an anionic Ii&e%nd selected from a carboxylate,
i fNey e R AR B RS R Y IRAS AN R HTRIRP eResRYES:
fiepresenis esyeialdytaagrdipatinghaniome [epressmsseepiiieger of 1, 2,

r 3; b represents an integer of 0, 1, or 2, where.the sumofa+hb,is 1, 2,
SR R e SRR b e B s

islzwppien y_ﬂldé(l'@@mb iy® worapbined QQCWherrbalﬂ‘fa@il(WQi@mppemﬂ Yoh anme,
év&m%rﬁﬁylﬁim%%@s ﬁ%}'ﬁip(ﬁé%y%%ﬁﬂ)ﬁésm or bismuth (Bi).

. The palladium compouhd of Claim 1, where each R is independently a
fiifeah brariies: (dherzyirirgPhios. 683 UJHBEIRYPITeSRENS) alkenyl,
éc%b&%l@d@{ﬁlk @?Wﬁ?ggd&%QQWiI@QW&Yﬂ?ﬁUﬁ‘ﬂTh hﬁ(é?\cﬁi%%ﬂéiipheny|ph%sppine,

olycycloalkenyl or (C6- aryl groyp. 4. The palladium compound o
%@Hﬁ%@ﬂ&@ﬁ?@ﬁ?%\éﬁa@té@ﬁﬁ%@?ﬁwBrb%sragj Srasymmetric
disthatirighyterdaps, msydimetriddhedgl phosyhineetip hbrigipirapiphosphine,

inati 5, The ' im:1, where E is
e B AL e e
{Srtipeitadkytphosrbabicysieldatkiingaane ©9) alkenyl, (C3-C12)

Qyﬁmﬁlk%}xb?cpﬁ,ﬁgkaﬁé;gm%wgy A61%s:@R8) polycycloalkenyl or
(C6-C12) aryl group. 82 WO 200-51042147 PCTIUS2004/037983 6. The

palladium compound of Claim 5, where R* is a linear and branched

152-C20) alkiyh it Edrdb Vi JIKEaln2r Gl KRBl e (frdi eletron donor
cycloalkenyl, (C5- C20) polycycloalkyl or (C5-C20) polycycloalkenyl group.

HEanddBrbisi i ¥ Phssu RIS AR ORIV e E is selected from

di-t-butylcyclohexylarsine, dicyclohexyl-t-butylarsine, triisopropylarsine,

di-tert-butylisopropylarsine, or diisopropyl-tert-butylarsine.

12.  The palladium compound of Claim 1, where the neutral electron donor
ligand E(R3) is dicyclohexyladamantylarsine, cyclohexyldiadamantylarsine,
di-n-butyladamantylarsine, dinorbornylarsine, t-butyldiphenylarsine,
isopropyldiphenylarsine, dicyclohexylphenylarsine, or

dicyciohexylneopentylarsine.
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phosphorus (P), arsenic (As), antimony (Sb), and bismuth (Bi), each R is
an anionic hydrocarbyi containing moiety independently selected from a
linear and branched (Ci-C20) alkyl, (C3-C12) cycloalkyl,.(C2-C12)

WO alkényl 1(G3-C12) cycloalkenyl, (C5-C20) polycycloalkyl, (C3RCROB2004/037983
polycycloalkenyl, and (C(3-C12) aryl group, and R* is a linear and
branched (Ci-C20) alkyl, (C3-C12) cycloalkyl, (C2-C12) alkenyl, (C3-C12)
cycloalkenyl, (C5-C20) polycycloalkyl or (C5-C20) polycycloalkenyl group.
8. The palladium compound of Claim 1, where the neutral e e(ftron donor
Iﬂg%hd S(W%qﬂuﬂ_@ﬁwaaﬂgﬁlmﬁgbpﬁ%here the neutral electron donor
digyatd E¢Ry}-tstititykpthokphine, tidtygbizey|phagpbipgarsine, tri-
tricyclopentylphosphine, dicyclohexyladamantylphosphine,
J%/?%ﬁéﬁﬁﬁi%amantylphosphine, triisopropylphosphine, .

driterbuiviglisioprdiydpadspniaeing, disbphdpysinetibiphiiaspiiae. 9. The

RALILLBREOMBRME R BT R B el BN donor ligand

E(R3) is tri-n-propyiphosphine, tri-t-butylphosphine, ,

dRPRERRYISRUA EPRIRYSERIRS HEIRRSGMARHEEpKRRPropenyl)arsine,

teyulyldipbeydiptyessiing)ise proyicienertphesphiasnthylarsine,
icyclohexylphenylph ine, di-tert-butylisopropylphosphi .

B B B s S A B B s e S egiersine.

. dipgiclotryiginbemgargiphodiphindy BBanepH0s/aithyiphenylarsine,

A FEABAIHEARS o0 SRlARIR COMRAURA S Al dhere the
g

neutral electron donor ligang | is trimethylphosphiine,
wetisipinssprhsezriars ﬂ?p)ﬂbh@ﬁtﬁz'ﬁ@,r RWREURGIphosphine,
taiseprbpyiphesolyiResite-brgpirespiinRopisisiapsprylphosphine,
tricyclobutylphosphine, tricycloheptylphosphine,
isopropylenyldi(isopropyl)phosphine,
%:Op@ﬂéfb%%@)ﬁfﬁ%%ﬁﬁﬁil Mlpbrf]?@[g?ﬂ:ﬁ‘_@hwhelrehthe rrml_eutral electron donor
yclo nyldi(cyclohexyl)phosphine, triphenylphosphine,
LR e R T e i N—
aynkhuylddiaihatiid pbiosp it abypidiidmy) ploSpiytisppropyistibine, or

vipyldi | ine, cyclohexyldiphenylphosphine,
&”%%@W‘Zr?ﬂgﬁg@pﬁne diethylphenylphosphine,

dimethylphenylphosphine, diphenylpropyiphosphine, ;

Gi‘g.y "?"H‘?fﬁ’ﬁég’@%? 'Egm. BGPQT%S@@FQ%PH‘!%é?@ﬁ?&%‘é’&?&pé]%?ron donor
4,8-dimethyl-2-phosphabicyclo[3.3.1][nonane or 4

ligand E(R3) is dicyclohexyladamantylstibine, cyclohexyldiadamantylstibine,
dicyclohexyl-t-butylstibine, dinorbornylstibine, t-butyldistibine,
isopropyldiphenylstibine, dicyclohexylphenyistibine, or

dicyclohexylneopentylstibine.
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2,4,6-tri-i-propyl-1,3-dioxa-5-phosphacyclohexane. 11. The palladium
compound of Claim 1, where the neutral electron donor ligand E(R3) is

wo higyelehexylarsine, tricyclopentylarsine, di-t-butylcyclohexyle¢sings2004/037983
dicyclohexyl-t-butylarsine, triisopropylarsine, di-tert-butylisopropylarsine,
or diisopropyl'-tert-butylarsine. 12. The palladium compound of Claim 1,
where the neutral electron donor ligand E(R3) is
dicyclohexyladamantylarsine, cyclohexyldiadamantylarsine,

dita-buliadataditytarsimmaind rfobhsiardineh esutiyidnshdia) elrskien donor

iﬁg@ﬁerﬁgfdﬂ'@f-a@wrh%ﬁ%g%tﬂmelmé% I'ana'qr§m§r&5y¢s{rafﬁi9hﬁxyln eo pe
ntyla rsi ne, 84 WO 2005/042147 PCT1US2004/037983 13. The

peRiRYs RaRm dtnuutistiping, Wheve-tdvisdibing. drsEh el abRBe ligand
ﬁ%ﬁ@lfdﬂiﬁl_ﬁ&ﬂﬁfﬁé&ﬁ)rEfWBﬁE@U&idﬁ%@@{@ﬂb_ﬁ@iﬁé}Qn??cl;)pentylstibine,
IS0pr ars|ne, tri-n-butylarsine, . tri-sec-bpugt rsine, tri-I- utyarsme,
G N T B
teigsioluheptylaisive opsopeopl)Eibjtdi(isppnheydaddiey clohexyl)stibine,

i AN el rsine.
e PR s AR B RS
Styidhyhergamainiy!siibinai shieprrarsinetbings SReRy kiR Waa ke,
gn%@ﬂbﬂmﬁﬂﬁ\{éj%wh X ﬁh@ﬂb{iﬁé?iaﬁ’oltoﬁ@wmtaqﬁé}%ﬂﬂmﬁﬁ@,e,

iphenylpropylarsirie, et Iphenylarsine, tri-n- octylarsine, .
by BRSSP RO RIS MRIRRS R ETH iR sine, or
digaerblaydpeiatibinky] aisivieishenT heitiabadivmocoyiitiblmeg Dbetaipsibine,
r 1eut lect igand is.tricyclohexylstibine,
gbt%a%téﬂ g{/@%ﬂ@ﬁ s%%)lrrﬁ?eg qé:?ilgc% ﬁ@@%‘?&é@@éﬁ%ﬁﬂ% (%?iisopro pylstibine,
di-tastropiybimepsiyisttiner diisopropyl-t-butylstibine. 15. The palladium
compound of Claim 1, where the neutral electron donor ligand E(R3) is -

dicyclohexyladamantylstibine, cyclohexyldiadamantylstibine,
di¢yclohesylat'adiyistitsine atind iorigisstibinve)erb uhddistibialeg lectron donor

ReaRRIR R ISR A XS IRRRINARN YIS IINR Q% -butylbismuthine.

dicyclohexylneopentylstibine. 85

18.  The palladium compound of Claim 1, where the neutral electron donor
ligand E(R3) is dicyclohexyladamantylbismuthihe,
cyclohexyldiadamantylbismuthine, dicyclohexyl-t-butylbismuthine,
dinorbornylbismuthine, t-butyldibismuthine, isopropyldiphenylbismuthine,

_ dicyclohexy|phenylbismuthiné, di-tert-butylisopropylbismuthine,
diisopropyl-tert-butylbismuthine, or dicyclohexylneopentylbismuthine.
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WO 20(15/042147 PCT/US2004/037983 16. The palladium compound of
Claim 1, where the neutral electron donor ligand E(RS) is trimethylstibine,
triethyl stibine, tri-n-propylstibine, tri- isopropyistibine, tri-n-butylstibine,
Wocﬁ”g%?é%bfylstlblne tri-i-butylstibine, tri-t-butylstibine, tricyclop?EBisM 37983
tricyclobutylstibine, tricyclopentylstibine, tricycloheptylstibine,
isopropenyldi(isopropyl)stibine, cyclopentenyldi(cyclopropenyl)stibine,
cyclohexenyldi(cyclohexyl)stibine, triphenylstibine, trinaphthylstibine,
tribenzytstipaidbenzddipbenglstilitizem di-whety| ddansattyl stigotren donor

o e e B e,
UIétﬁWEM@WWﬂ@ mmﬂwmﬁéﬁy|mr§mbuimh@ﬁyumoﬁyis¢lwe'smuth

ﬁﬂiéﬂdtgib%mlﬁlb@ethﬁﬂtw%bdﬁﬁklm@is?ﬁ@ﬁﬂH@Mﬂ%xyl “t-butylbismuth,
di-tert-butylis gﬁﬁﬁ{y tibine, diisopropyl-tert-butylstibine, or
I

H|°éé‘i'PB[ﬁ9MB ngkMﬁ'é’bﬂ!"?y'tf*ﬁﬁ‘BHII&HR)’HQRJ?H%WEH‘BWCIam 1,
byl e yisistraitie) enbgmlbdepqudigandw EiddBjapyréenyidivisepytipiginishinen,
S LA AR 8, ey GomsRAnfL el

wippemh@smmmmymmmmu@ mmw@mmmw&ﬁ%am%mth,

§ioyg MW@&QHBHR}ﬁfﬁmmﬂecﬂﬁﬂ@weﬂgwwrﬂﬁsmuth di-n-
tbutyldlblsmuthlne |soprop¥)@|phenylb|smuth|ne

Rty aeRBAN R ﬁ%‘iﬁnﬁj rav@ﬁmuﬂm.tsebmsmB@MWﬁméth
@Ilu@@m@@witﬁshbmywmwgmeﬁymrmﬁl wibjassabine 86

005/ 4214 004 0379 palladium compound of
l&@lﬁh lesrne1 e ne é(trd rh&'@ﬁ%ﬁ"#
dlmheﬂwmmlbmnwmtmﬂbmmbnmbmmmpytbmmﬂmbtssmtrimpylblsmuth

r|- gP Qﬁyﬁm&%d[hSG&MMQM%%)%ILSWb{ﬁMQyIblsmuth di-tert-

ylbismuth, di-t-butylcyclohexylbismuth, dicyclohexyl-t butyfbismuth,

W&@BF@WI‘HW% FHRIRIBPY} stPHEMW'%HBiIkaEietﬁf?Iblsmuth
bisyRebeena IS BRibH tam@mwmw%mlbusmuth tris(4-

|50£g%% %‘ﬁ}%ﬁ&v&fﬁ) bsezéﬂgl lglrenyDbismuthine, and tris(4-

ityctopeapyiVistoythorexyl)bismuth, triphenylbismuth, trinaphthylbismuth,
tribenzylbismuth, benzyldiphenylbismuth, dlcyclohexyladamantylblsmuth
cyclohexyldiadamantyl bismuth, di-n-

20. The palladium compound of Claim 1, where Q is a carboxylate anion

represented by the formulae:

0 o
R R—<
«o ; ~<“o

where R' is independently hydrogen, linear and branched C;-Cag alkyl,
C4-Cap haloalkyl, substituted and unsubstituted C3-C1é cycloalkyl, substituted
and unsubstituted C,-C42 alkenyl, substituted and unsubstituted C3-C12
cycloalkenyl, substituted and unsubstituted Cs-Cqp polycycloalkyl, substituted
and unsubstituted Cg-C44 aryl, and substituted or unsubstituted C7-Czo aralkyl.

21.  The palladium compound of Claim 20, where R is methyl,
trifluoromethyl, propyl, iso-propyl, butyl, tert-butyl, isobutyl, neopentyl,

cyclohexyl, norbornyl, adamantyl, phenyl, pentafluorophenyl, or benzyl.
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butyladamantylbismuth, dinorbornylbismuth, t-butyldiphenylbismuth,
allyldiphenylbismuth, vinyldiphenylbismuth, cyclohexyldiphenylbismuth,

WO @pesiodayyihenyl bismuth, diethylphenylbismuth, dimethylphemgibigsmots/037983
diphenylpropylbismuth, ethyldiphenylbismuth, tri-n-octylbismuth, i-
propyldiphenylbismuth, dicyclohexylphenylbismuth, tribenzylbismuth,
di-tert- butylisopropyl bismuth, diisopropyl-tert-butylbismuth, di-tert-
batylnenme parlbisom ks disysirhexyraanentylhiseuths TSEEO, or Me;CCOy.
methoxyphenyl)bismuth, tris(2-m ethylphenyl)bismuthine, and tris(4-
fluorophenyl)bismuthine. 20. The palladium compound of Claim 1, where

Q3s a gD PRYERIR AN IsaRRSSNtad by thefREnuEes hTORIAH;CO,,

independently hydr linear and branched C1-C20 alkyl, C1-C20
#ggéﬁﬁggﬁysﬂ{&é%%g unsubstituted C3-C12 cycloalkyl, substituted

and unsubstituted C2-C12 alkenyl, substituted and unsubstituted C3-C 2

cycloalkenyl, substituted and unsubstituted C5-C20 polyc cloaklg/_l, )
Sthstit RRIPAIRAHTB AR BB A), WhES Bdfitrtdetor)© > CHaC(S)
WOSHe 808 (06 {002 adkgICE3) T hepstadsin, Cumpo(8)D0iCsHie 26,

re.R1d hyl, ~trifluQrome pvl = [, butyl, tert-butyl,

ggﬁﬁ%ngtéjésgﬁﬁ% scéj%h%o(ﬁfé)@fs It_?fg r %:%yf,) alggﬁﬁpgﬁ E ‘phenyl,
pentafluorophenyl, or benzyl. 87 WO 2005/042147 PCT/US2004/037983
%/%. Th allaﬂ% compound 8f Ié,m 21, where Q is H3C02gor

530002 93 e PArARIH o poﬁ% oM 1e B2 ‘65 %ﬂ?@oz,
a6 GpPesDEHBGHRE R Mo @B8F5CO2. 24. The palladium compound of
Claim 21, where Q is CH3C(S)O-, CH3C(S)2 , CF3C(S)O CF3C(S)2,
Me3CC(S)O-, Me3CC(S)2 ,&giC(S)O C6H5GES)2 , C6H5CH2(S)0-,
C6H5CH2(S)2 C6F5C(S)(B or FSC(S)Z.R . *he palladium compound
of Claim 5 or 6, where Q is a cafBoxyIa’te anion %presented by the

formulag: R er iS | dently hydrogen. linear and, branch
e R e B A o ey
eyclomlkgloslitystrubstitiadad andubsniritue C1Lalkyviealvbstubaiiuied

sRgublided fed-€ 12, cyplepleavbsbriiuiRg ard Hagtksiteiee, ,
C5-C20 polycycloalkyl, substituted )
cycloalkenyl, substituted and unsubstituted Cs-Cyy polycycloalkyl, substituted

and unsubstituted Ce-C14 aryl, and substituted or unsubstituted C7-Cyp aralkyl.
26. The palladium compound of Claim 25, where R' is methyl,
trifluoromethyl, propyl, iso-propyl, butyl, tert-butyl, isobutyl, neopentyl,
cyclohexyl, norbornyl, adamantyl, phenyl, pentafluorophenyl, or benzyl.

27.  The palladium compound of Claim 26, where Q is CH3CO, or Me;CCOy".

28.  The palladium compound of Claim 26, where Q is CF3CO7", CsHs5COy,
C5H5CH2COQ-, ar C6F5C02-.

29. The pallédium compound of Claim 26, where Q is CH3C(S)O", CH3C(S)2”
, CF3C(8)0", CF3C(S)2", MesCC(S)O7, MesCC(S)2, CeHsC(S)O", CsHsC(S)z,
CeHsCH2(S)O", CsHsCH2(S)2", CsFsC(S)O, or CeFsC(S)z.
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and unsubstituted C6-C14 aryl, and substituted or unsubstituted C7-C20
aralkyl. 26. The palladium compound of Claim 25, where R1 is methyl,
trifluoromethyl, propyl, iso-propyl, butyl, tert-butyl, isobutyl, neopentyl,

wo eygdahexyl, norbornyl, adamantyl, phenyl, pentafluorophenylporisaggd/037983
27. The palladium compound of Claim 26, where Q is CH3C02or
Me30002. 28. The palladium compound of Claim 26, where Q is CF3C02,
C6H6C02, C5H5CH2CO2, or C6F5CO02 . 29. The palladium compound of
Claim 26, where Q is CH3C(S)O-, CH3C(S)2 CF3C(S)O-, CF3C(S)2,
ME3cClBraliadisc@yRoesiisteaio- | corse kgl cisHses i YRter,
GHHSGI R, (RGN0 teRENRRSIGEN 20 SGM0-20RR1942147
PCT/1JS2004/037983 30. The palladium compound of Claim 1, where the
(BSTRBRERIG %Rt OBRRIA dBHar BRI e By oK,
chdzamnt;mectarnsyniieiez tatvdodyieiidleetoieivivaayssiinsm oy lisispaypainds,

it . i itrile - Initei -hutvlisocyanide,
T e R R e
tétramieYipJinginietramatimippiaringe risearaprgheprbiige triphenylphosphite
tHise phegBhiik: girhenylphosphite or triphenylphosphihe oxide. 31.
The palladium compound of Claim 1, where the Lewis base is acetonitrile,
pyridine, 2,6-dimethylpyridine, 2,6-dimethylpyrazine, or pyrazine. 32. The
pefladivpeompanid olalRimd BRIk thekfmishase indinans,

acetone, benzophenone, acetophenone, methanol, isopropanol, ]
tﬂ%ﬂﬁ?ﬂ‘aVHﬁaé’,%‘#ﬁétt%r%ﬁiﬁ?%ﬁbdpdé'&ﬁ@ri&i%gH‘é%ﬁ‘éﬂﬁ%ﬁ?r‘uﬂ‘?e of pyrazine.
-dimethyl-N-neopentylidene ethylamine, N-methyltrimethylacetamide,
N-metfgl-cyclohexan‘ecarboxamide, dimethylaminopyridine,

téfram H?IB?H&’E#W@? 595‘8%%‘@@[9’@%%@’.@3‘? e lpwisdiaseds fipsans:
Qfdetain, banhera dRenueakbiaasbmting AR, iBephorals afielNThnait:,
or. a triflimide anjons. 89 W? 2005/01%2 47 PCT/US2004/0379R3 34. The

”i‘aecglﬂﬁ%’ﬂﬁpﬁ]ﬂ‘a%ﬁ’feé%f%e§§,’WhQY afﬂ'@%\’/eakly coordinating anion is
d PediteetrydhNmargiendylitierfe mthytenid (RLOER TR D) (RIS roide,

[M-(Qé?ﬂ;ﬁ)&}ﬁ&@@@ﬁ&@ﬂ%%@he dimethylaminopyridine,

tetramethylpyrazine, and triphenylphosphite.

33. The palladium compound of Claim 1, where the weakly coordinating

anion is a borate, an aluminate or a triflimide anions.
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WO

where M is boron or aluminum and R10, R11, R72, and R13
independently represent fluorine, linear and branched C1-C10 alkyl,

o ¥nRaand branched C1-C10 alkoxy, linear and branched C3:4%ys2004/037983

haloalkenyl, linear and branched C3-C12 trialkylsiloxy, C13-C35
triarylsiloxy, substituted and unsubstituted C5-C30 aryl, and substituted
and unsubstituted C6-C30 aryloxy groups where R10 to R13 can not
simultaneously represent alkoxy or aryloxy groups and where R10 to R13

i34 subsftbddadiwn sPEMNAgrbGIRIBUSH. GYbers daf Weakyrrssbkiatin

QiniBHIESUBStIERA A heres e sURSIBHADISre independently a linear and
branched C1-C5 alkyl, linear and branched C1-C5 haloalkyl, linear and

branched [BIFCE)@KOXR R ansr pry@Rét) @REX oRIAWORY jJinear
and branched C1-C12 trialkylsilyl, C6-C18 trlar¥IS|I}/I chlorlne bromine,
iodine #hemubkiadoapd oRa4rRIBTRIE, Bd R 7Rlfe andepEnindangrdently

'mzs?és@n@fmmﬂ%% SriPliybndaear@ndanghesd %%%Qdaﬁ@@@lcm

C10 haloalkenyl, substituted and unsubstituted C6-C30 aryl, and

alfisant ieaa AR e Rsanehest S Er-eienlivemyl !'gﬁﬂﬁﬁ@dsmﬂeebﬁ? therC1z

priawgRilbaL, at {edst; ﬁ'ﬁ@@iﬂfd&%s@o&ﬂté@rﬁﬁ&@&lﬁd@ﬂﬁ!ﬂe@@@&lﬁﬁ@yl,
substltgep [, @ d when R14

7 b tituted aryl
R B e e DR bR R S ar

s stitndiarsearesly hﬁ@wsanddjkawszmw@n}@@aﬂwi,q ameaw aeick R 4richBif is a
SoeSn o Rak AR BEALGRRC fleCnfl k@ tholacah ad ipraehed

C1-C10 haloalkoxy, ch romln fluorine, an Where OR14 and

wﬁlﬂél{%ﬁts@qaw@ﬁrt%aarwb@faaﬁ%%ﬁemiﬁrgegzja@ﬂmhﬂeasr@@émed

BY=nfHRAE Qe Ng/E iR PXHE et HENBY @m@pﬁg@mr@ll\/lmad Brﬂeﬁblﬁaﬁched
gﬁlféﬁ &j radical such a a supstitute and unsubstituted CG yI and
b

R4l e ﬁrlﬁ'éﬂ"@?cc RO WAk ranch
me@jg’tannqlaﬂworcevm)laf)ﬂﬁa}am%MmrerMmreMddlrimod faugine; and

t mi I
tetr %l}ss(?ﬁg%?atnﬁ uo?a{)%?é%@ ggééﬁy §Ira%éa r&g ?/\%a 86%90%5149 alkyl
PTSRN B (0arcEraga: Je1Thalopbakl P oéandintairigeanioputsitiaipeeomim

shubsfiewben s aRﬂr%osé{%’sWLQ@d'%nd unsubstituted C,-Csg aralky!
tetrakis(2,3,4,5-tetrafluorophenyl)borate, tetrakis(3,4, R6}7tetra\fluor oph

Srorsiblaghia e provisaiR ARRAEHYFBAGE: contain a halogen

containing substituent, and when R to R"is a substituted aryl or aryloxy
group, such group can be monosubstituted or multisubstituted, where the
substituents are a linear and branched C1-Cs alkyl, linear and branched C4-Cs
haloalkyi, linear and branched C4-Cs alkoxy, linear and branched C4-C1g
haloalkoxy, chlorine, bromine, and fluorine, and where OR' and OR" can be
taken together to form a chelating substituent represented by -0-R"™.0-, where
the oxygen atoms are bonded to M, and R'® is a divalent radical such as a
substituted and unsubstituted Cg-Caq aryl and substituted and unsubstituted
C7-Cag aralkyl.

35. The weakly coordinating anion (WCA) of Claim 34 where when M is
boron, such WCA is tetrakis(pentafluorophenyl)borate or

tetrakis(3,5-bis(trifluoromethyl)phenyl)borate.
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tetra kis(4-tri-i-pro pylsi lyltetrafl uorophenyl)borate,
tetrakis(4-dimethyl-tert-b utylsilyltetrafluo rop henyl )borate, tetra
kis[3,5-bis[1-methoxy-2,2,2-trifluoro-1-(trifluoromethyl)ethyl]phenyl]

WO hale: teirakis[3-[1-methoxy-2,2,2-trifluoro-1-(trifluoromethypetiyy§2oo4/037983
(trifluoromethyl)phenyl]borate, or tetra

kis[3-[2,2,2-trifluoro-1-(2,2,2-trifluoroethoxy)-1-(trifluoromethyl ) ethyl]-
5-(trif lu oromethyl) p he nyl] borate. 37. The weakly coordinating anion
(WCA) of Claim 34 where when -M Is boron, such WCA is
efrakis{PSINSRIHSAPTHDRLIRY RHANEYYSM SfdpRERyTbERgEs when M is

tsa@ﬁséﬁdhmm@rmh’@arg(t@ Jatatkiséd o iuergpberyigbo rate,

tetrakis r|fI cr p_he ate, methyltris(perfluorophenyl)borate,
Ft{%’l ErﬁUoro VI?@[}){%@ E@ﬁ%ﬁyltrls(perf luorophenyl)borate,

(@Mieﬁ@lﬁ@@yfﬂns("pemwfhmmmwl )borate, (octyloxy)tris (pentafi
\i)e

g%%wlginethfgﬁaéﬂ ﬁggﬁ%@?ﬁp&ﬁﬂﬁl tr)((grrﬁethyl)ethyl] phenyl]borate,

tt@[trakigfé ‘{’1’% dﬁﬁtéyzsﬂmﬂ%@ﬁmaﬁha@yamﬁwl)

e&%@@?;?fmgrmmﬁp?ﬁmwmw eﬁﬁzrha&@iﬁ?&a 8&9{};&{1;]{&1{A]
ri X rifluoro e rifluorome
Bl 5B b TR i BT AR CITE Y O M-
\{thewe revimexthiy) ghertylftiocate, siich WCA s

f | -
B B B et G WS S0 17
rOYIBAMMM03 Y Bohamd]basatey coordinating anion (WCA) of Claim

34 where when M is aluminum, such WCA is
tris(perfluorobiphenyl)fluoroaluminate,

@CtyloXyrrisgaehtabesdbpiimgydaiomidté,)of Claim 34 where when-M is
Bt IEipantoloraeR almRREn iboagweakly coordinating

anion (WCA) of Claim 34 ere R18 divalent radicals are represented by

ﬂ?&%‘ﬂﬁ@rﬁk&%ﬁﬂvlﬁmwéqﬁf@ﬁﬁF@rgphenyl Jborate,
tetrakis(3,5-difluorophenyl)borate, tetrakls(3,4,5 -trifluorophenyl)borate,

methyltris(perfluorophenyl)borate, ethyltris(perfluorophenyl)borate, -
phenyitris(perfluorophenyl)borate,
(triphenylsiloxy)tris(pentafluorophenyl)borate,
(octyloxy)tris(pentafluorophenyl)borate,
tetrakis[3,5-bis[1-methoxy-2,2,2-trifluoro-1-(trifluoromethyl)ethyl]
phenyllborate, tetrakis{3-[1-methoxy-2,2,2-trifluoro-1-(trifluoromethyl)
ethyl]-5-(trifluoromethyl)phenyl]borate, or
tetrakis[3-[2,2,2-trifluoro-1-(2,2,2-trifluoroethoxy)-1-(trifluoromethyl)
ethyl]-5-(trifluoromethyl)phenyl]borate.

38. The weakly coordinating anion (WCA) of Claim 34 where when M is
aluminum, such WCA is tetrakis(pentaflucrophenyl)aluminate or
tetrakis(3,5-bis(trifluoromethyl)phenyl)aluminate.
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Rzo Rzo Rzo R19 Rt9 RZO \(C)s R19 R19 R19 where each R19 is
independently hydrogen, linear and branched C1-C5 alkyl, linear and

wo buegehedL1-C5 haloalkyl, chlorine, bromine, and fluorine; apd1y¥R8681/037983
R20 is a monosubstituent or taken up to four times about each aromatic
ring depending on the available valence on each ring carbon atom and
independently is hydrogen, linear and branched C1-C5 alkyl, linear and
branched C1-C5 haloalkyl, linear and branched C1-C5 alkoxy, linear and
BFanchdd € wazk!igioatikinatnchioriore (W6 Ainé ClaidnfRh vitheramdheadh is
IAEREOAS LIl WERIRARL (KM dolBifofdn TR AYBEIKRRLInating anion

(WCA) of €laim 40 where when s is 0 O- comprises

i@ﬂ/'@&&%@@f&a@mmmék@h(ro@@fm@r)
Iibthitirieshienabrizenadialateit=RC5C140-),
2,3,4,5-tetrabromobenzenediolate (-OCeBr40-), and
bis(1,1'-bitetrafluorophenyl-2,2'-d iolate). 92 WO 2005/042147

G T/USRBAMEARKOESATInAHSRANR A WCRMRI @B F03 LA S & MNOERe nt

the weakly coordinating anlon is _bis(trifluoromethylsulfonyl)imide,

{FRRARR IR (SRFISRURE YD eb?g(‘bcéHfﬁﬁ@W8&hanesulfonyl)|m|de

(IN(S(0)2C2F5)2]-), or 1,1,2,2,2-pentafluoroethane-N- [(trlfluoron&gihyl
)sulfonyl]sulfonamrli:jga:(n[:bdés (0)2C F3)(S (0)2C4F9)]-). 43. T

compound of Claﬁ gl e weakly coordinating, anion |

tns(trn‘luorom@tlr(an}&::li7 pnethane anion ([C(S(
Clai

palladium comp imy1, where [(E(R)3),R8 p)(L )b]p[WCA %5
[Pd(OAC)(P(Cy)3)2(MeCN)] (C6F5)4], _((I:)/
Lo
RZO
Tﬂ | s \\j 19
—(95/ e e
R19 ‘ R R19

* where each R™ is independently hydrogen, linear and branched C;-Cs
alkyl, linear and branched C4-Cs haloalkyl, chlorine, bromine, and fluorine; and
where R? is a monosubstituent or taken up to four times about each aromatic
ring depending on the available valence on each ring carbon atom and
independently is hydrogen, linear and branched C1-Cs alkyl, linear an
branched C4-Cs haloalkyl, linear and branched C4-Cs alkoxy, linear and
branched C4-C1q haloalkoxy, chlorine, bromine, and fluorine; and each s

independently is an integer from 1 to 6.

41.  The weakly coordinating anion (WCA) of Claim 40 where when s is O
-0-R"™.0- comprises 2,3,4,5-tetrafluorobenzenediolate (-OCsF40-),
2,3,4,5-tetrachlorobenzenediolate (-OCsCLO-),
2,3,4,5-tetrabromobenzenediolate (-OCgBr,O-), and
bis(1,1'-bitetraffluorophenyl-2,2'-diolate).
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[Pd(OAC)(P(Cy)2(CMe3))2(MeCN)][B(C5F5)4],
[Pd(OAC)(P(i-Pr)(CMe3)2)2(MeCN)][B(C5F5)4],
]Pd(OAC)2(P(i-Pr)2(CMe3))2(MeCN)][B(C6F5)4],

WORAAERD (i-Pr)3)2(MeCN)][B(C6F5)41, [Pd (02C-t-Bu)(P(CMOB)2¢bbe i 7983
)I[B (C6F5)4], [Pd (02C-t-Bu)(P(Cy)2(CMe3))2(MeCN)][B(C6F5)4],
[Pd(O2C-t-Bu)2(P(i-Pr)2(CMe3))2, [Pd
(02C-t-Bu)(P(i-Pr)3)2(MeCN)][B(C6F5)4] 45. The palladium compound of

%k@&%%%%ﬁ@gﬁ%&ﬁgﬁﬁda@ggje(ghe_ weakly coordinating

Bl’)@(ﬁlﬁlb@ﬁﬂ(Wﬁ@Mﬁ]{B}(S@lﬁﬁM})mxde triflimide (IN(S(0)2C4Fg)2]), v

[Pd %ﬁ%%(%%?gﬁin% ai%{( @@%@?CG’F i Pdifozctsu)(P(l

T'LQSO[P%F(W Lisoiiesudisulfonapiide
Iﬁﬂ ENCREBYB(CEF5)4L,
cis-[Pd(P(i- Pr)3)(K2 P,C- P(. Pr)2(C(CH3)2)(2,6- Me2py)][B(C6F5)4], and
cis-[Pd(P(i-Pr)3)(x2-P, C-P(i-Pr)2(C(CH3)2)(2,6- Me2pYz)I[B (C6F5)4] 93

W 209REEZMNRLCHMSBURAR DIGRS AaviTdie Radlafurl csBRAHAEhET
Claim 1, Where (E(R)3?an (% (LB)blp |S[(P(GY)3)2Pd x2-0,0'-

6‘?@'&l§|§5ﬁ PISRP Hibag2Hoe LB i %@%ﬁﬁ)ﬁl
[(P(CY)3)2Pd(|02 0,0-- 02000H5)][B(06F5)4] [(P(GY)3)2Pd(x2- 0,0'
OZCCGFS)I[B§C6F5)4] [(P(GY)3)2Pd(x2 0,0~02CCE)]B(CAE

A o PRSI O DS S AREE o818 KRR QI L WA
RN I2RE (R299) (W20 EBﬂGBHe’?)L(]OC(CF3)2C6Hd4tfcl)H3?;)24g 00

S SRR IR - octraB(Coroyds,
[[Pd(%@o%oﬂwcmmmcmmm@&m (PG~

R R A S G s T

P
&'@é}a b mw@@%é@qggmceps)m
1205200 DR MEIF 573 BCEFS))

'Fﬁpa‘ §e@?§<§% e SR e edrs s,

I[Pd(l@(z@f)&iMé‘me@(mﬂhﬁ) 2,02CCH3)][B(C6F5)4,
EQ&B@C‘D{)@& Mﬁ%)@%ézw&ﬂdﬁ%? ][B(C6F5)4] [Pd(P(i-

Me3)2)2(i(: 2 028 £5)4l, [Pd(tc2-0,0'-
OAC)(As(CY)3)2][B(C6F5)4l, [Pd(x2-0,0'-OAC)(As(i-Pr)3)2][B(C6F5)41,

Lf)’éq(ASTiﬁe palladium compound of Claim 1, where [(E(R)3)aPd(Q)(LB)s]p is
[Pd(OAC)(P(Cp)s)2(MeCN)I[B(CeFs)a], [PA(OAC)(P(i-
Pr)2(CMes))2(MeCN)I[B(CsFs)a], [Pd(O2C-+-Bu)(P(Cp)s)2(MeCN)][B(CeFs)al,
[Pd(O:C-t-Buy(P(i-Pr)(CMes))(MeCN)|[B(CgFs)al, [PA(O2C-t-Bu)(P(i-
Pr)2(CMes))2(MeCN)][B(CsFs)4], cis-[Pd(P(i-Pr)s )(1{ -P,C-P(i-
Pr)2(C(CHs)2)(NCsHs)][B(CeFs)al, cis-[Pd(P(i-Pr)s)(x 2.P,C-P(j-Pr)2(C(CH3)2)(2,6-
Mezpy)I[B(CeFs)4], and cis-[Pd(P(i-Pr)s)(i®-P, C-P (i-Pr)2(C(CH3)2) (2,6~
Megpyz)][B(CsF5)4].
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Pr3)2(02CCH3)(NCCH3)][(B(C6F5)4l,
[Pd(As(Cy)3)2(02CCH3)(NCCH3)][(B(C6F5)4] [(P(Cy-dii)a)2Pd(NCMe)(
WORBGEHANB(CEF5)4], [(P(Cy-di)3)2Pd(NCMe)( O2CCH3)][BIefRYb 037983
Pd(02CCH3)(P(Cy)3)2(MeCN)][B(C6F5)4]1 Pd(02CCH3)(P(i-
Pr)3)2(MeCN)][B(CUF5)a],
[Pd(02CCH3)(P(i-Pr)3)2(MeCN)][B(C5H3-3,5-(CF3)2)41,
[Pd(OZCCHS Cy)3)2(MeCN)][Al OC(CF3 C6H4CH3)4I
r’Fﬁd(oz B3It SRR T AR R Blob-t-
B@YQBM‘?A@CM)[BESF@ HB(CBF5>4 [(P(Cy)g)gPd(K 0,0-0,C-t-

#*Hi zéé?éﬂﬁ’&@%@m%@m %71{} IIB(CeFs)dl. [(P(CY)a)oPd(ic*

@Pdiu%z}m%@“;%%ﬁ@ i 5 BC6F5)O X 02§$F3 NB(CeFoil
/RGO CAms ARy [P PR aE(ORAR 0.0

mmwm@%mma@ CIDARREEHBD,0-02CPh)I[B(CsFs)al,
ECNCUHSMeZ 2.

S S A R E IR EA BB [(PCy2-tert
ogw@am@@@@mm@mmm dRARi+-BuU))[B( C6F5)4] [(P(i-

[@(CM ochHsﬁ)%Mecgc)gﬂi%gFEféﬁ] [I%’ qgfzcé 7o qb_ RCHRRIB(CoFo) "
W@GW&@@BQ%WBH%LWCP%N&Z 0,0-05CCeHa-p-

&gfp %ﬁa)qs‘@éﬁf?f 35%5@2?%??@ o %%:esi* QMR IR a4 7

Pd(P(i M{@%lgg?;wc@%%p (CHS;)Z%ﬂr 5(2"1]t“73d(lc3:( H4(|\(|:M§305(FK5 Yl
IS ra(lc ucCs

fﬁ&{w %ymd@ﬁadﬁ%aa&dwmm e GEhN IBCSE Bl e
[ﬂ? me@3a NR2PC-BLC L et @B{CAF5)4l, and [Pd

5@2, P C-PC 2(CeHlog r|d|n EF{JB(CBFS 47 The paIIadlum
o7 éﬁﬁﬁ‘ﬁs shinErd aRé AR (P clRd(As-i-
FH’QQFG@%B%))QNZJEH@MRHE%%M@%M R, COBNB(CEHIHE (CsFs)a]
- BV G o A E e
@a@@dﬂa)ﬁﬁi@m@dnﬂ’dﬁﬂa&@iﬂﬂ) (R(B&Ye)2(MeCN)I[B(CsFs)s], Pd(O.CCHa)(P(i-
ﬁﬁﬁ@iggﬁj g ace OB%R;]@I %‘ég?ﬁéﬁlgﬂp I8 2B MeCN)IB(CsHa-3,5-(CF3)2)al,
ottty PRSP (-
@j@g{mcmﬂmlﬁm(mw@&m@éﬁg)@@m palladium compound of
BB &S eCN)B(CoFs)al, [PA(0,CPR)(P(Cy)s)o(NCMe)IB(CsFa)il,
[PA(O2CCF3)(P(Cy)a)2(MeCN)IIB(CsFs)a], [PA(OAC)HP(Cy)a)2(NCsH5)I[B(CsFs)al,
[(P-i-Pr3)aPd(O2CCH3)(NCsHs)I[B(CeFs)a], [(P(Cy
d1)3)2Pd(NCMe)(O2CCH3)][B(CsFs)4], [Pd(P(Cy)g)z(OgCCHs)(4—
Me>NCsHaN)][B(CsFs)a, PA(P(Cy)3)2(02CCH3) (CNCgHsMeo-2,6)1[B(CsFs)al,
trans-[(P-i—Pr3)2Pd(OgcCH3)(CNCngMez—Z,G)][B(CGF5)4], [(PCy.-tert-
butyl)2Pd(O2CCH3)(MeCN)|B(CgFs)s, [Pd(P(i-
Pr)2(CMes))2(O2CCH3)(MeCN)J[B(CsFs)4], [Pd(PCyo-tert-
butyl)2(02CCHg)(MeCN)]B(CsF5)4. cis-[Pd(P(i-Pr)s)(i*-P, C-P(i-
P!’)z(C(CHa)z)(NCsHs)][B(C6F5)4], CiS—[Pd(P(i—PI’)a)(KZ-P,C-P(i—Pr)g(C(CHa)g)(2,6
Me2py)[B(CsFs)4], cis-[Pd(P(i—Pr)s)(Kz—P, C-P(i-Pr)2(C(CHs)2)(2,6
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[(E(R)3)(E(R)2R*)Pd(LB)]p[WCA]r is deuterated and is
[PA(P(C3D7)3)(K2-P,C-P(i-C3D7)2(C(CD3)2))(acetonitrile)][B(C6F5)4] or
[PA(P(C5D11)a)(K2-P, C-P(C6D11)2(C6D10))(acetonitrile)][B(C6F5)4].

wO H0584method for forming a palladium proinitiator complex caaprsiagp+/037983
providing a palladium complex of the formula: Pd(ER3)a(Q)b where E is
an element from Group 15 of the Periodic Table of Elements, each R is
independently hydrogen deuterium or an anionic hydrocarbyl containing

moiet onjc ligand, a is 1, d r2, mixing a
R BT g B Bk G G Pt i plex ot n
fBetIﬂﬁraN@]'[ﬂ(l@@:fé)I] a[Ptﬁ(kE;@:rglodRIWf(@et@ spéatdtuarienalifB96 AR, :

(2 798 £
?8}%@8%%3 ,gé/elﬁ% Prﬁ?%w BiSKY ?\CFC@ is aﬁé&% Rep -
ﬂﬂfébd%*whfémmﬁﬂfﬁ:@bﬁaylate anion. 52. The method of Claim 51
where E is phosphorus and Q is a carboxylate anion. 53. The method of

Claim 50 where the anionic hydrocarbyl containing moiety is a linear and
Bianchétiq @aledoyatiohiasC ebihiotohlhe(€2-C12) alkenyl,

@@1 lycycloalkyl, (C5-C20

c)l%c?aﬁznka ;kgwgé %%ggPHJOSZCYFChZamgthE)d of Claflm 53 where the
R R D bk R S es RHSBS e Ko or o

W@kqﬂl@q??)gr@ﬁﬂj@PTHEPWRMQ)EQWFBZ@%WM@BEJ@ phosphorus, Q

RAFIBYRE Ehonan enci s b cyplehont araup, S6. Amethod for

palladium complex of the formula: Pd(ER3)a(Q)2 where E is an element

from Group 15 oé the Periodic Ta Ie of Elements, each R is
%%epenagrﬁﬁ)lﬂ ST RRIRE Rl BF & MR hydrocarbyl containing

NB(EY)s) @(R)an*anmmte)mwm\]a@ 1 or 2; first reacting the palladlum

B TR T

[Pd -P C—PCyz(CeH1g))(pyrazme}][B(Cng
[Pd(K -P, C—PCy2(05H10))(pyr|dme)j[B(C6F5)4].

49.  The palladium compound of Claim 1, where
[(E(R)s)(E(R)R*)Pd(LB)],[WCA]; is deuterated and is
[Pd(P(C3D7)a)(x*-P, C—P(i-C3D7)2(C(CD3)2))(acétonitriIe)][B(CeF5)4] or
[PA(P(CsD11)3)(x*-P, C~P(CeD11)2(CeD1o))(acetonitrile)][B(CeFs)a].

50. A method for forming a palladium proinitiator complex comprising:
providing a palladium complex of the formula:
Pd(ER3)a(Q)b

where E is an element from Group 15 of the Periodic Tabie of Elements,
each R is independently hydrogen, deuterium or an anionic hydrocarbyl

containing moiety, Q is an anionic ligand, ais 1, 2or 3 and b is 1 or 2; and

mixing a weakly coordinating anion (WCA) salt with the palladium

complex at a first temperature for a first period of time to react therewith.
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second reacting the reacted palladium complex with a weakly
coordinating anion (WCA) salt at a second temperature for a second

wo 208tiea QF time. 57. The method of Claim 56 where E is phosgtovgg)o4/037983
arsenic, antimony or bismuth and Q is a carboxylate, thiocarboxylate or
dithiocarboxylate anion. 96 WO 2005/042147 PCT/1JS2004/037983 58.
The method of Claim 57 where E is phosphorus and Q is a carboxylate
anion. 59. The method of Claim 56 where the anionic hydrocarbyl

Bdntairling MY 7 SR FarERBNEsReD4 afaﬂnmr@mny or

biwtoalkph dCRia 2halsanidid GRiccbb eydlstallse ajthitcarteR@)ate anion.
polycycloalkyl, (C5-C20) polycycloalkenyl or (C5-C12) aryl. 60. The
method of Claim 59 where the the anionic hydrocarbyl containing moiety

£an IS0y opig@ 8p Clai Cxel aherd Brieymdsbndng melldsal Cabanbtate
Where E is phosphorus, Q is a carboxylate anion and each R is a

9‘0 ohexyl group. 62. A method for solution polymerization of
norbomene-type monomers, comprising: providing a first solution, the first

Iutlo comprisin ingle compon aIIad| com Iex resented
ARl o A S R T
ldusmjA/IGdamirméirstdmn'rdmmmm ma(&a}ahllwb\(mlg@@) sgcloatk@ol(@ioB; he

S e T B S ey

Sedoné i @¥lcarrier materials in a reaction vessel and heating the
combined liquid carrier materials in the reaction vessel to a first
temperature for a period of time, the first temperature sufficient to cause
Fblymetzanethofitht@atrobduheiadhe thersriiptie pdreeadeybteheaining

Paladiem Som A aferthe I8y isolating the product of
the@pglymerlzagt%r? gg gZOOS/ 21479P%T/U82004/037983 63. A

method for mass polymerization of norbornene-type monomers,
EEMPAEGmethod of Claim 50 where E is phosphorus, Q is a carboxylate

“anion and each R is a cyclohexyl group.

56. A method for forming a palladium proinitiator complex comprising:

providing a palladium complex of the formula:
Pd(ER3)a(Q)2

where E is an element from Group 15 of the Periodic Table of Elements,
each R is independently hydrogen, deuterium or an anionic hydrocarbyl

containing moiety, Q is an anionic ligand, ais 1 or 2;

first reacting the palladium complex with an aromatic sulfonic acid at a

first temperature for a first period of time, the sulfonic acid replacing one Q; and

second reacting the reacted palladium complex with a weakly
coordinating anion (WCA) salt at a second temperature for a second period of

time.

57. The method of Claim 56 where E is phosphorus, arsenic, antimony or

bismuth and Q is a carboxylate, thiocarboxylate or dithiocarboxylate anion.
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providing a solution comprising a single component palladium complex
represented by [(E(R)3)aPd(Q)(LB)b]p[WCA]ror
[(E(R)S)(E(R)2R*)Pd(LB)]p[WCA],. dissolved in a liquid carrier material;

WO prvidRigone or more morbornene-type monomers; adding eSO aeibviogy983
the monomers to form a polymerizable mixture; and heating the mixture to
a first temperature for a period of time, the first temperature sufficient to
cause polymerization of the one or more monomers in the presence of

t Il ' i
| §§p Egsgﬁgiﬂ?se‘f(%%ﬁgé‘?ggﬁ% %I? m%%%%q@p%%%%ﬂg R EED F RS Bte
anion.

59.  The method of Claim 56 where the anionic hydrocarbyl containing
moiety is a linear and branched (C1-C2q) alkyl, (C3-C12) cycloalkyl, (C2-C12)
alkenyl, (Cs-Cy2) cycloalkenyl, (Cs-Ca0) polycycloalkyi, (Cs-Cag) polycycloalkenyi
or (Cg-Cq2) aryl. ‘

60. The method of Claim 59 where the the anionic hydrocarbyl containing

moiety is an isopropyl group or a cyclohexyl group.

61.  The method of Claim 56 where E is phosphorus, Q is a Carboxylate

anion and each R is a cyclohexyl group.

62. A method for solution polymerization of nerbornene-type monomers,
comprising:

providing a first solution, the first solution comprising a single component
palladium complex represented by [(E(R)3)aPd(Q)(LB)]o[WCA]; or
[(E(R)s)E(R)2R*)Pd(LB)]o[WCA]; dissolved in a first fiquid carrier material;

providing a second solution, the second solution comprising one or

more norbornene-type monomers dissolved in a second liquid carrier material;

combining the first and second liquid carrier materials in a reaction
vessel and heating the combined liquid carrier materials in the reaction vessel
to a first temperature for a period of time, the first temperature sufficient to
cause polymerization of the one or more monomers in the presence of the

palladium complex; and

after the period of time, isolating the product of the polymerization.
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WO 2005/042147 PCT/US2004/037983

63. A method for mass polymerization of norbornene-type monomers,
comprising:

providing a solution comprising a single component palladium complex
represented by [(E(R)3)aPd(Q)(LB)s]o[WCA]r or [(E(R)s)(E(R)2R*)Pd(LB)],[WCA];

dissolved in a liquid carrier material;
providing one or more morbornene-type monomers;

adding the solution to the monomers to form a polymerizable mixture;

and

heating the mixture to a first temperature for a period of time, the first
temperature sufficient to cause polymerization of the one or more monomers in

the presence of the palladium complex.

64. The palladium corﬁpound of Claim 1, where E is phosphorus (P) or-

arsenic (As).
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