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[0008] Also provided is a method for polymerizing a polymer precursor,
comprising contacting an unactivated terminal alkene or alkyne with a poorly
solvated lithium cation in the presence of an initiator and optionally in a reaction

solvent under polymerizing conditions.

[0009] More particularly, a method is provided for preparing polymers containing
covalently attached lithium carboranes, comprising contacting a lithium carborane
polymer precursor having a terminal alkenyl or alkynyl group with an initiator and
optionally in a reaction solvent under polymerizing conditions. Without being bound
to any particular theory, it is believed that the lithium cation in the lithium carborane
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[0012] In specific embodiments, the invention provides polymers containing
covalently attached carborane, borane or heteroborane anions or salts thereof which
are made by the methods of this invention. The invention provides polymers or
copolymers having two or more covalently attached borane, heterobroane or
carborane anions or salts thereof. These polymers are generated by self-
polymerization of lithium carborane, borane or heteroborane precursors which have
a terminal alkene or alkyne group. Copolymers are formed by polymerization of
lithium carborane, borane or heteroborane precursor and one more polymerizable
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polymerized and the anion, which is typically a alkylene e.g., -(CH2),- or alkenylene
(having a C=C double bond in the linker) diradical, x and y are the number of
repeating units in the polymer or copolymer. In specific embodiments, Monomer is
the repeating unit formed from copolymerization of a terminal alkene, terminal

alkyne, alkenyl acetate, ethyl acetate, or methyl methacrylate.

[0013] The copolymer can be a random or block copolymer as these terms are
understood in the art. The polymers and copolymers may be relatively short with x
and y independently ranging from 2-50, 2-20, 2-10, 10-50 and other subranges
thereof. The polymers and copolymers may be generally longer with x and y ranging
independently from 50-several hundred, 10-200, 50-200, 25-200 and other
subranges thereof.

[0014] In specific embodiments, the method of the invention can be employed to
copolymerization one or more unactivated alkenes with monomers having activating

groups, such as the copolymerization of one or more unactivated alkenes with an
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temperature of between about 50 and 100°C can be used.

[0016] In specific embodiments, the methods herein employ lithium carborane
catalysts including those having a carborane anion of formula: (CBqRm)’, where Ris
a hydrogen or an alkyl group having from 1 to 10 carbon atoms, and each R,
independent of other R in the carborane, may be the same or different, where g is an
integer from 5 to 11 and m’ is an integer from 5-16. R can be small alkyl groups
having from 1 to 6 carbon atoms. Other useful carborane anions that can be present
in the lithium carborane catalyst include: —C(BR)g", or RC(BR)12’; where R is a

- hydrogen or an alkyl group having from 1 to 10 carbon atoms, and each R,
independent of other R, may be the same or different. Specific examples of
carborane anions that can be present in the lithium carborane catalyst are those



", where Ris a hydrogen or an al kyl group having from
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1-20 carbon atoms, or 1-20 carbon atoms). Additionally useful polymer precursors
are straight chain alkynes with a terminal triple bond, such as acetylenes, for
example 1-hexyne. Useful alkynes include those having 2-40 carbon atoms, those
having 2-20 carbon atoms and those having 2-10 carbon atoms. Some particular
examples of useful polymer precursors are: CH;=CHj; MeCH=CH,; Me,C=CHoy;
EtCH=CH,; PrCH=CH, n-BuCH=CH,; Me3SiCH=CH.. Another class of useful
polymer precursors are those with formula: CH,=CR-(CR2),-CR3, where n is an
integer and each R, independent of other R's in the molecule, are the same or
different and are selected from the group consisting of: H; alkyl, silyl alkyl (e.g., -
SiR’s where each R’ is independently an alkyl group) and halogen, including F, Cl,
Br. Other examples of polymer precursors include branched alkenes having a
terminal double bond such as isobutylene and isoprene, and ring-containing
structures having a terminal double bond such as styrene. Yet another class of

useful polymer precursors are dienes.
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catalysts for use in polymerization reactions herein.

[0020] The invention provides improved methods for making lithium carborane
polymer precursors which contain a terminal alkene or alkyne, such as CH,=CH-
(CHg)n_g-C(Bqu-)'Li+, as defined above.

[0021] The method of this invention can be practiced employing a reaction
solvent which can be a single component solvent or a mixture of components. The
reaction solvent dissolves the lithium salt to an appreciable extent without forming
appreciable complexes with the lithium salt and without deactivating the lithium salt.
It is believed the solubility of the lithium salt in the reaction medium is important in
successful catalysis. Preferably the reaction solvent does not bind to the lithium
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~ making lithium carborane polynmer precursors which
cation sertbal ihselvatesrtpreampste avith the alkenend.i” soriplexingageds such as

tetrafeRA £ AR bt ol Bl sPERY Fend Ao Pliyres
solvents Rddicul issibieRtarakiisdnsirebstrat] &6 BOEnEEIMPOR&Tts because

solvent or a mxture of conponents. The reaction
they sepiengatradicatsol A seaation salventivithsapolarizakle mppsteni prsivides very

weal BRSPS AR o SOTRUEY R B

detrimgnial affédt ugorbelacaYigd SHgenelaibitypitallyfquidat tdddfibHMonditions.
salt in the reaction nediumis 1 nportant in successful

Solverggimawigckidemilsfigeliging siliconecdilet i on sol vent does not
bind to the lithiuncation so that it solvates to

CcO ;
[0022]7 2TPPE RBlyier Bl B aheahe BERRRT BENBRERIA LAY Bfium
salt andi an tittatar ie axswitghie feactedasd pressudzedialabave atmhdsgHerics

ar ?Iso no ref?rred.%s ol vent , conponents because
press{ff &0 fudto dRyehe ettt r wifauF @ S8VEBh S0l vent vi th a

pol ari zabl e p-system provi des very weak stabilization

[0023]0f t1Re kithiurh@arboréhe GantHiniAgFolAReR décribel Werdihtate useful in
. Wwithout significant detrinental affect upon i ~
Li lon battrriasy mpnggeheeHses. aPemeyfithalpelynergurrapaiedrusig then
metho§8bfHd ﬁoénﬁioﬁpb%ggg%ewsté@%th%v | doh LBt W\gthle range of
Srl'icone oOI'l~ he pol'ynmer precursor can al'so be
microgieraeasichm contact with a solid lithiumsalt and an
initiator in a suitable reactor and pressurized to
abov

at nospheri c, pressure to_forma pol with or

[0024%,,"¢ e FRBEIRoRE STBEB AT the Riverfiom MILbe agparent from
the ad8RiBhal deRSiphBh YERIMpIdS Tt fReded RERIIM are useful in Li
Ion batteries, anong other “uses. Sone of the polyners

prepared using the nmethods of the invention have been
tested and have conductivities in the range of

m crosi enen f nbodi ment s
of the i nve%ﬁigﬁ %Qgﬁﬂ%%ﬁgﬁg%ﬁgﬁff?mesﬁgeadditi onal
[00251descFignte drshowsatihpldegreesiof palymesizatiare(n).of 1-hexene in two
solvents (1,2-dichloroethane in front, and cyclohexane in back) from lithium
carborane catalysts comprising lithium cation and the anions shown below the

Figure.

[0026] Figure 2 shows the degree of polymerization for polymers prepared from
four alkenes, using two different catalyst/solvent systems: LiCB{{Meqzin 1,2-
dichloroethane (front); and LiHXCB44EtgMe; in cyclohexane (back). The
polymerizations were conducted as described in Example 1 employing DTBP as the

initiator.

[0027] Figure 3 shows the GPC resuits for copolymers, showing the presence of
both homopolymers in addition to the copolymer.



BRI EF DESCRI PTION OF THE FI GURES [ 0025] Figure 1 shows
the degrees of polynerization (n) of 1-hexene in two
weabwane®o ( 1, 2-di chl oroethane in front, and PCT/US2006/030470
cycl ohexane in back) fromlI9thium carborane catal ysts
conprising lithiumcation and the ani ons shown bel ow
the Figure. [0026] Figure 2 shows the degree of
[0028]pol yhigure dtshowsftbe rativs abthe palwparseef isekutyleoer(bottom) and

. al kenes, . usi two, di fferent, catal yst/sol vent systens:
vinyi oBe 6818k phelSpadetn (SR BMARRNT  ont) S and L 1xCBnEs
9Me2 in cycl ohexane (back). The polynerizations were

[0029c ondpigiuesi 5ahones'tt NMR! aht B3 aiMRespbctraiboyopdyrB@RPofas
, the initiator. {0027] Figure 3 shows the GPC results
isobutylgpe caypbetibasryladdowi ng the presence of both

honmopol ynmers in addition to the copol ynmer.[0028]

o030 LB R PR A TP coners o

sobu otto and vin or
isobutglenyg laatevirytl @setaieoduced. [0029] Figure 5 shows 1H NMR
and 13C NWR spectra for copol yners of isobutyl ene and

100315, B ¥ e QB R AP E DR AR R Gotte
and isgsgtyrhe./ dtf3rylategure 7 shows DSC scans for
copol yners of isobutylene / vinyl acetate and

i sobutylene / ethyl, acrylate. [0032] Figure 8 shows ,
10032 fo. FiURe R Shout P FONMED Bypatoist o PR Shbane Bregarsd with

: [ st in C6De. [0033] Figure 9 shows
LHXCFW@%@%%E@@?%' of polyi sobutyl ene prepared with

Li ixCBi i Et 9M 2 catalyst in C6D6 (see exanple in _
[0033Jwhi chigvies DerhewssthenPCANMR specioiny ehpglyispbotyignemprgpaeed with

B RS BReCocy DELS AR SRGPESAEE llhove =

solveritgpresent ati ve 1H NVR spectrum of a copol yner

[0034] Figure 10 shows the GPC of polyisobutylene prepared with
LiHxCB41EtgMe; catalyst.

[0035] Figure 11 shows a representative "H NMR spectrum of a copolymer
prepared using the methods described herein.

[0036] Figure 12 shows a representative '"H NMR spectrum of a copolymer
prepared using the methods described herein.

DETAILED DESCRIPTION OF THE INVENTION

[0037] The invention relates generally to methods and reagents for carrying out

polymerization reactions.
Definitions:

[0038] As used herein, the term “polymer” includes molecules of varying sizes

having at least two repeating units. Most generally polymers include copolymers



prepared using the nmethods described herein. [0036]
Figure 12 shows a representative 1H NVR spectrum of a
woapigemn prepared using the net hods descri be#Chasei06/030470
DETAI LED DESCRI PTI ON OF THEOI NVENTI ON [ 0037] The
invention relates generally to nethods and reagents
for carrying out polynerization reactions.
which Byl initutmhstudeﬁBé@rrww hlselticoralyners.t Specificatly; fralymer™

include, 3l REBReR (i ciies Lavingator 2aLs KFrsrtBinleh < PolyBRTa dormed
using ﬁ@ﬂﬁl/é’ﬁtﬁfrﬁmé?\f/br?ﬁ\\g dléqrteéé of bBI‘yh\\é?Qah@H deurnpéer & m@homer

copol ynmers. Specifical i ncl udes oli

units a(tfmh@d TaiheR fongXABi ﬁom’i’-n@péatzaq @,6umq,sjo1-asgy 261 <500;
501- 7% il 18900 opB 2. b BNLhA IR GidVal YAiIgs 4REEGeind sub-

rmnomer

range$ ﬂ@éh?éhd oftesr c@m@@ of polgmeZizafion.1As XnpwhGn 100 art, the degree
101- 250; 251-500; 501 750, 751-1000; 1, 000 2, 000;

 of polymerization;gam ke Mmeslifies:hy,eaangiag palvieyr iZicanpt iOlhges
therein, and other degrees of polynerization. As known

[0039]'[12 t A8 KAbIwn ik hﬁe dROHRSe ‘éfre BfERT haakiies of @rﬁbl@@ular welght of
di f1ed by changi ng poé{ner|2|ng condi ti ons. 039]

polymeks: laneragei motelwlaaimelglnﬂ\( w (he weipittfayesage «':UsWQith or

M, thf PTG GRS ol e D g IR B e 6 ot B,
a mea@U@@F p@l}/ sp hf@b@éﬂé@M@@hghﬁélz@@ﬂwmm Etaing iveile M,

distrib a nmeasure of polydispersity
emphasgizesithe |Mht%fn?ﬂﬂ§é1 The numben ayerage r@ﬁ@%@r Walghtaé (e average

of the ﬁr‘gﬁg@a? r&a \%\lﬂsﬁﬂt fh%r\E @%@é%gmmg fn{‘ ‘td ?ec u?%mber

average hculaf wéigat |smlhterrdm|eld muhpasmmg theansquulm weTgulet of n

mb |
polyMAERTRGURE e OB BEI IO Y LIRS DUl mERS eI Avetage

t di viding by n. The wei ght
m°‘6°§?§“&%@‘%§§féi‘ﬁ%’%?“%é?€ﬁ (My) is calculated by [0040]

where L/y is the number of nol ecul es of nolecular

wei ght M. The pol ydi t[pers[;yﬁi Adéx (PDI) is a neasure
of the distribution ights of the

pol ymer and is the wei ght aV@r @ dimol ecul ar wei ght
di vi ded by the nunber average

[0040] where N; is the number of molecules of molecular weight M. The
polydispersity index (PDI) is a measure of the distribution of molecular weights of the
polymer and is the weight average molecular weight divided by the number average
molecular weight. As the chains approach uniform chain length, the PDI approaches
1. The degree of polymerization is the total molecular weight of the polymer divided
by the molecular weight of the monomer and is a measure of the number of repeat
units in an average polymer chain. As described elsewhere herein, the average
molecular weights of the polymers produced can vary, depending on the

polymerizing conditions, and other factors, as known in the art.

[0041] As used herein, a “lithium salt” is a compound comprising a lithium cation
and an anion. In one embodiment, the anion is a carborane anion. The carborane
anion can vary, as shown herein. As used herein, a “lithium salt of an anionic

borane or heteroborane” is a lithium salt where the anion is a borane or



nol ecul ar wei ght. As the chains approach uniform chain
| ength, the PDI approaches 1. The degree of
woabyroeéiogzat i on i s the total nolecul ar wei ght 8ETISE006/030470
pol ynmer divided by the nol @dul ar wei ght of the nononer
and is a neasure of the nunber of repeat units in an
average pol ymer chain. As described el sewhere herein,
heterobpeangy drclydingal casbormanend hatesokgranads pdiojamre in wh@h@@do or

moe 47 YRl SRERALSA A A SR RN PO .51

Ge, SWPILIN, P,3As, | S b BM Badférred ﬁe&er@@@ﬂ@@é@@r@ﬂmdlﬁté}@b@roanes
I'i t hi umcation and an anion. In one enbodi ment, the

where gRederes of thebeangrs replased Withdhe AopdIaiAB aieme Denandent
upon tK?raﬁfomalEeﬁt'{B"P@%B% %'o?on /fﬁe U8 68t0RILABm ﬁwag qé l?(?]ﬁ‘d'@osﬁ)l

an ani oni c borane et'eroborane
substutsnaht Rwireups (éuemararboranes)a Brefaned mdmﬂmt@bbbms are

carborgREen Wi BeorarRarRecinion s BERSREE NS Hdiealk T teiman
“hthlunﬁ“sﬁﬂ" i@tlﬁf%hdbﬂ%‘ b@‘HofEl"\/alc%}ﬂrtB"‘ﬁtHhﬁ‘ﬁ b&rtgyrat% safe ITRithitn salts

rred et er oboranes are
used mﬂmhweeﬁ@mehoaldéze ablbastgartiy sblibnindhetreactinor soleentsif

solverk RURTEHEeh " i 8% BRimle RhM. oale SRRty 4BBRia and

lipophilie ahﬁméqdclwmg cHibsianty ERéteEHTANES ahd@Dordnes, as well as other
car bor anes referred nonohet er obor anes are

llthlumo%aﬂﬁd?fmly opiinatiag anddioRhlicaNioNs.i s present in the

lithiumsalt, the term"lithiumsalt” is intended to

[0042]be e%“%é’r?é&ﬁf‘ﬁ isl Belicvbl Thatd &) ar» F.f*‘?gﬁ@tk&ns fo;rp,?ta ajsw{nutﬁé

e invention s | eas art
methodslhebebla ilm otcmar togeotrate tlseulned«ebl” Li'f, #hel eation |s$:ouﬂmmled with a
lude |ithiumsa

very ligighilli and folg %”é@%ﬁ%&b%n?%ﬂﬂ@ﬁswmﬁainengorane

hetero%@femér é‘r‘ﬂ?éarb‘b%b%l@i@hg%‘éc%% ReFre %ichaéoé@hbt dSactivate Li"
other lithiumsalts of weakly coordinatin

and alse plpws | Lt tasiisseive incodtable moryeaendinating ¢ va:f§$,| inclgding non-

polar strgi}?%{\tgs\;\'lﬁ%}égﬁe*%iﬁsf"H%gé(J“ogstBLo%efncst%tr?(#rﬁ-g&grﬁli{%é%@ Wi solvent
While tifheurn @bitoaré genomallly nesdily soluisle e bwdrl(@@mhlriaftmgﬁmivents but
rel atively non-coordinati,ng anion, as the bor

in thoa%te/ee@vs@pamn%tm YT AR @O '6H§erd'é‘@15?¢ byt frostablized by
solvatil Ss ?ﬂ%ﬁée ﬂQ%aFﬁ@ﬁé&%t? d%bf*ec?@ég al so allows Li+ to

ol ve I'n sul non= coor di nati ng solvents
i ncl udi ng nonpol ar sol vents, where it remains "naked",
[0043] n t Fihe agiaseonsdituants pfitheditbidnwsalts ssga imthe invention should

not be so nucleophilic that they de-activate the lithium cation to make it inactive.
Useful lithium salts are those lithium salts having non-nucleophilic anions. Some
useful non-nucleophilic anions are listed in Strauss, S. H., Chem. Rev. 93:927-942,
1993; Reed, C. A., Acc. Chem. Res. 31:133-139, 1998; Krossing, I. et al., Angew.
Chem. Int. Ed. 43:2066-2090, 2004. One group of lithium salts are those containing
boron-containing non-nucleophilic anions. One group of lithium salts are those
containing carborane anions. Some useful carborane and borane anions include
those described in U.S. patent 5,731,470 and in PCT publication WO02/079210, and
include the group (CB4Ry), where R is a hydrogen or an alkyl group having from 1
to 10 carbon atoms and where q is an integer from 5 to 11 and m'’ is an integer from



VWiile lithiumsalts are generally readily soluble in

pol ar (coordinating) solvents, but in those type of
woaaer7diérmdbi ng sol vents Li+ is no | onger "nakedpCThiSkoos®30470

stabilized by solvation, and hence its catal ytic

activity decreases. [0043] The anion constituents of

the lithiumsalts used in the invention should not

5-16. Partinudaresmples of parboransg aniena alydg BGBE) 11t R%%R)s where
Risa h@‘g@gp q?tﬂ%@ g‘r?gﬁaeﬁjid e Rksjsrﬁgg loF tht RLHID Sadikieredt

'havi ng non-n eophil'i ¢ ani ons.
Prefer@nR susefalkyl @mﬁmﬁé\ﬂwhmo CamOncmeranBclUdmgeﬂeihyl ethyl and

Strauss, S. H, Chem Rev. F 42, 1993; F
propylAR inderaneiqac cadaarans @l%ﬁsua@fg 'nlg%nvw%fuﬁgef inclugde
hahdeé‘ E Cﬁ%?%l i tl%ﬁ%ak{b{ena@i (|ﬁu&98%h@ﬁ%ted299& flu6hfated) alkyl

lum sal'ts are ose contal nin

groupé)qmcd_uelmgrttllamlnnmghw(gnempmIpammulanl}ctlfamromthmgeolgr&;up of
['ithi um sal ts are those containing carborane anions.

004aE0 S oS3 236205 309 3205 B LRy E55inating
monoﬁ&@idb@?&h@ﬁnmwr{?@ 3an bedryédl sachnigRs féreherL ot pation catalysts
where R is a hydrogen or an al kyl

in the tmth%e %er@m with éhqorwq)tmt therasuling Wrsad Qg(h%tSawff'Clent
sotunip Aty rbha SouRAL o o SpidRoh IEEERE gL begend 1.2

dichloREiER6l byctlohBdmR)dlkeéne Eﬂibe)rte gRhilst cathlyst actaity amdanthose
al kyl group, and the Rs may be the sanme or different.

conditisf erred R s are al kyl groups having 1-10 carbon
atons including nethyl, ethyl and propyl. R in borane

[0045fnd meﬂgéﬂsm{y S’JB‘i?séHﬁl%%méfhyl)?hénylfbb@é}fel) andeARher

| ude h hal ogenat e
(tetrams(pehtaﬂlung:pﬂcmnai)bwat@opaahbe fised ap eaiens Inathﬂythlbyncﬁa% of the

mventhnp @ﬂﬁ E I Paarlsrrgﬁ ggg#e{rgggi?ﬁ%g%ﬁf L%ifdéér%?ul I%hlfgbsalt%d;) not

contaifHtrenditiG@Pniet@. report certain weakly coordinating
nnnoheteroborane ani ons whi ch can be used as ani ons

for the Li+ cation catal stS|nt e, met hods her ei .
[0046}i t h ¢heicp0h@idveh aBioN aLUse i 93t F‘E@ s hareinplso kbl take into
acco uﬂ't‘mdt ‘fl‘\@ F@sﬁ%f‘ﬁ” 'sb&%hbgldae)ﬂﬁ’éit 58&5&’2&8 %‘b!dlﬂlg? g%etéﬁéfatl@éw

hane
non—cogtdnwtmaerwvemj .'actem&ampera)uredh@b(mmbatlbiamﬂfy@e desiredi ty
nder those condit.i
polymerlzatlon reaction, in whlcl?nhe Li+ ion can remain sufficiently uncoordinated to
retain activity as a polymerization catalyst in the methods herein. Solubility of a
given Li+ salt in a given non-coordinating solvent can be readily assessed at
ambient (room temperature) or at a temperature above or below ambient that is

compatible for the polymerization reaction.

[0047] Li* salt catalysts of this invention are catalysts that can activate even
those alkenes toward radical polymerization that do not carry an activating

substituent in the molecule.

[0048] The term “lithium salt” is intended to indicate a lithium cation is

associated with an anion, not that a particular crystal structure is formed.



[ 0045] BARF

wo %obBifsalsi (3, 5-bi s(trifluoronethyl)phenyl) borp%‘lﬁ}széﬂ?sﬂ)30470
BARF (tetrakis(pentafluorpphenyl)borate) can be used

as anions in the lithiumsalts of the invention,
al t hough they are not preferred. One group of useful
l[ithiumsalts do not contain a transition netal.
[0049] 0048F WSkedi lareint aa‘ilit@nwnnaeburane fcatalyﬁ"eismrrmﬁcajlqsmstaining
rein so_shoul d take into t . that ,
both 2B T oot o & arb &S ek AU o’ et isoysea,
apphcam i8 ot iraéhdiAb Yo ﬂﬁﬂ-tﬁ@q’uﬁ’étmtdfrtge ﬁﬂilﬁrﬁrﬂarb@rtané catalyst to
nperature that conpatible with the desired

C'aSSl% |09Ffséythr@taptmn maghanisms. i AnywAingiionind the lithiwm cesborane

catalyétem'eﬂqur%attélﬂlce H’(l)%t glﬁ?q‘?{f%d%:? dlﬂéfﬂ#g?t %@nﬂ:@% Fit¥uum
carborsabldatehlyﬁy influde ghoserhdving $w) ¢arboremegamien: (CB4Ry), where Ris
non- coor di n tlng sol vent c n be readily assessed

a hydrgggp one ?(m% epahawr@) rem ‘hio 30 carkesy atomse ag8d0e R's

t I ret
ey SIS SR e RO o g g rger
from 5t16.s Onevaroup of savadl allatl grggisshaveafronah tcaetcavl@dmamw Other

exar B S oA b3S i e A R P Rfaneatanyt
includé OQ@BRﬁﬂeoﬂm(BRm tiWwhere rRas b hycﬁ'o% sna%%élpakaarsaé e

alithiumcation 1s associ at ed an ani on, not th
havingsfremy 1 i 10 garkanatoms, enddbe Remay b@thee@arpe@a@]ffemsnt

SoecifSBRFEE o R 8 B1 AR SrSER R i carvorane

cataly@taarbdhag@selmm fré¥htthe gadup bensistir ofc aCBl Wi 5™ IHCBﬁE‘ﬂgMeg :
intending to limt the function of

CBHH%EEM@ aﬂ‘ﬁglﬁf@gﬁ%o%dﬂdm 3nd, &B11ldizc| Ha cagorang anipn; which
norma‘il? b iR RGN )Ia'r‘ﬁk%' lé’tfedté&?oérbbg'dlﬁ;ans), also

orane cat al yst, er cat tirc or
could bmaenadml amohe(forrmdamtdel aliedatea lwonfarilmndj; with Gardpemestee|l.
catal ysts include those having the carborane anion:

10050f 2, 8 P HETE R, ol BSUERER e Aol sr ety 1Bast

one cérb@n%@ﬂﬁbmmﬁiﬁlé 8bAAsuoMes 8 ddubfe Bond BE 8RS bbhA@M @né @roup
1 and m is an integer from5-16. One group of ‘snal

of polysnRPregrEsOES armlhesereletuies mvmafdﬂa%ttmtermrwé.double bond.

One gw yftﬁynﬁ)fer ?%grggarggr# | nc ggﬁta@i %E@%t bie ferminal
doubleRamRaind 2io; nmﬂwntalﬁ%alneacmvhmg gg:fup Marathe rvubleabdyd. Some

examp%so gP polymer precursors are ethylene, propylene, 1-butene, 1-pentene, 1-
hexene, 1-heptene, and others containing straight or branched alkyl chains with from
1 to 40 carbon atoms and a terminal double bond. One group of polymer precursors
are straight chain alkenes with a terminal double bond and between 1-40 carbon -
atoms (“simple alkenes”). One group of polymer precursors are straight chain
alkynes with a terminal triple bond, such as acetylenes, for example 1-hexyne.
Some particular examples of polymer precursors are: CH,=CH,; MeCH=CH,;
Me,C=CHj;; EtCH=CH,; PrCH=CH, n-BuCH=CH,; MesSiCH=CH.. One class of
polymer precursors are those with formula: CH,=CR-(CR,),-CR3, where n is an
integer and the R’s are the same or different and are selected from the group
consisting of: H; alkyl, and halogen, including F, Cl, Br. Other examples of polymer



having from1 to 10 carbon atons, and the Rs may be

the sane or different. Specific exanples of carborane
wanoaiétat can be present in the |ithi um car beCams2006/030470

catal yst are those sel ected4fromthe group consisting

of : CBnMei 2 "; HCBnEt gMe2"; CBnHxEt 9Me2 ; HCBuM n “;

CB-1iH6I6 "; and CBnH 2 . The carborane ani on, which

precunsmnsahd:lyde $rancHedsaklylgrelps kpday estefrhial asape! fond such as
.anions), also could be a radi cal

lsobugl % sd car bor an

785 AP SRORIRARANG ing re9nt§rru@9 sHeiremhayisy a rminahdouble

bond @DER ash@yrenel Qﬂ?@kla% OFESF}ME? ﬁééhrso%"%ﬁérﬂ?én s.
precursors” are nol ecul es contalnin | 85T "one
carbon-carbon multiple bond (such as a double bond or

[0051]; i pI Ehepbih@ptalysie Oéghﬁr inventipo fynionfoepalyrmrizatior of

| bl
unaciyB alienEE H SR0BH 1§ Bofilatef AlanBEo T EL4RkME mtgated and
unactalaitemn esfet tredctivatibaifor (@lkyl)aadicaPadditioh Md)dbr t%@%bﬁa%,‘tﬁ\ step
not contain an activating group near the d

of alkgge,aac?rggln@lwgﬁﬁ@ & @belﬁwlstrbqegt;dpg@x@nalee on an alkene
coss REILRRR SRPRHYBIED, SUBMIERRe didPRL RoR0R - cRRIR o,

CN, aatang mahyiatisensi dchfuhction fortsuchQictiaathsm at ons and a

term nal doubl e bond. One group of polyner precursors
kenes, with a term nal doubl e bond

. hai i
00527 & A FetlharhE Lt Sodian A EPRaEL 5 i
carbogaretha® bilseadofiEins @rt%%fn%@éﬁ(eﬂé%r%qlgﬁ‘iegﬁtthé Rahid ﬁ‘l'o}@éﬂfes

wth a termnal triple bond, such as acetyl enes
Somes@mples of fithyneartsyase polymenprecursossirioisetompbymds [n]2:

precursors are: CH =CH ; MCH=CH ; M2C=CH2; Et CH=CHZ;

Pr CH=CH2 n- BuCH=CH2; Me3Si CHECH2. One cl ass of pol ymer

precursors are those w1 ‘f_ 3l a: CH2=CR- ( CR2) n- CR3,
where n.is an integer and: R s are the sane or
different and are sele m t he group consi sting

of : H alkyi, and hal ogen 2 ’h‘cl uding F, d, Br. Oher
exanpl es of polynerpre<};»ors i ncl ude branched al kyl
groups having a term et
i sobut yl ene and |sopr = _irerE g- cont ai-ni ng
structures having a "'T ciemal  doubl e bond such as
styrene. One class of polymer precursors are dienes.
[ 0051] The Li+ catal ystﬁ, this invention function
for polynerization of u ivated al kenes in addition
to activated al kenes. The terns activated and

where n is an integer greater than 2. In one group of lithium carborane polymer

precursors, n=2-7. In one group of lithium carborane polymer precursors, n is less
than 12. In one group of lithium carborane polymer precursors, n is an integer up to
and including 30. One example of lithium carborane polymer precursor is CH=CH,-
(CH2)n2C(ByRm)Li", where R is a hydrogen or an alkyl group having from 1 to10
carbon atoms, the R’s may be the same or different; n is an integer greater than 2:

q is an integer from 5 to 11; and m’ is an integer from 5-16. In one embodiment, n is
5-7.

[0053] As used herein, “reaction solvent” is a solvent or mixture of solvents
which dissolves the lithium salt to an appreciable extent without appreciably



unactivated refer to activation for (alkyl) radical
addition, i.e. for the propagation step of al kene
woadi7maé7opol yneri zati on. An al kyl substituent, PEDUS2006/030470
exanpl e, on an al kene does 150t provi de such
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reaction nediumis inportant in successful catalysis.
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to the solvent under non-supercritical conditions.

[0055] Radical inhibitors such as hydroquinone are also not desired because
they scavenge radicals. Suitable reaction solvents include 1,2-dichioroethane;
aromatic or aliphatic hydrocarbons and aromatic or aliphatic hydrocarbons
substituted with one or more alkyl groups or halogens, including chlorine and
fluorine; such as benzene and toluene; and alkanes (such as hexane or
cyclohexane) and mixtures thereof. A reaction solvent with a polarizable n-system
provides very weak stabilization of the Li* salt, which is desirable for solubility. One
example of a suitable reaction solvent is silicone oil. Solvents containing oxygen in
the molecule are a class of solvents that are not generally useful.



the Li+ and are not preferred solvents. In generally,
coordi nati ng solvents include ethers, alcohols,

wamorag¢7oand aci ds anong ot hers. Non-coor di nat PAEG/US2006/030470
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non- pol ar solvent are generally preferred (so long as
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ecu are 'ass of so nts t hat e not
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The oG BT R o s Rss RAMAAERLE Va8, B
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Inttrators 1 ncluae al rr,

catawtaez@m@e%mewmp@sltl%pf Hiwdntsl@mr %e&@nplﬁmd@solymerlzmg
condltl%%%(bggﬁpgvglﬂréﬁetaﬁp Qb %?é’tﬁh?gb \E/[ucg tBE umH rordlnalaly

or S re ac
deconq:@seet Foe g@xanplé Heisdmominctbt AIBNfgeheBallyqedergﬂes radhieats at

about 60°CI zilrt1 ?hrescgrrrgnta}ﬁ\tlér\l/t%ne%lg c;a%rbaedhgé& 82[0\,\/\3 IEOhOITll Itegmhgnerature, at
room temperature and above room temperature. Di-t-butyl peroxide generally
generates radicals above about 100 °C. In the current invention, di-t-butyl peroxide
can be used at temperatures of about 80 °C. Useful pressures for polymerization
are readily determined by one of ordinary skill in the art without undue
experimentation in further view of descriptions herein. Ambient atmospheric
pressure may be used. It is known that polymerizing conditions can vary depending
on the desired product. Any combination of pressure and temperature which
produce a detectable amount of polymer can be used in the methods described
here. For example, in general, as the temperature decreases, the average

molecular weight of the polymer produced changes.



Li ght used in the invention includes any wavel ength
and power capable of initiating polynerization.
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vi si ble. Any suitable sourcé may be used, including
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and for characterizing polymers.

[0061] Uncatalyzed radical polymerization of unsubstituted alkenes is only
effective for ethylene at high pressure and temperature, only produces low molecular
weight oligomers of other alkenes, and has been eclipsed by transition-metal
catalyzed (or cationic polymerization (Cheradame 1984; Sangalov et al. 2001).
Remarkably, in weakly ligating solvents under ambient conditions, Li* salts of highly
alkylated derivatives of the monocarbadodecaborate anion 1 induce facile
polymerization of terminal alkenes by the radical mechanism.



conditiFns arelthose pol yneri zation conditions such

“Mxﬁ§w&§%ﬁ yst, solvent and tenperature that prRquss

nmol ecul ar wei ght pol ynmer s;g For pur poses Ofpthl 0loharo
invention | ow nol ecul ar wei ght polyners are those that
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10, 000. Such conditions are known in the art. As used
in herein, "high nolecglar weight producing
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t hat produce high wei gftcpol yners. For
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ol ecul ar wei ght gre. : han 10, 000. Such conditions
are known in the art. [0059] The follow ng description
provi des nonlimting exanpl es of sonme of texenplary
embodi ments of the invdntion and is intended to
further illustrate the invention. Applicant does not
wi sh to be bound by any theory presented here.
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obserdeInyffHF_s a ¢aodinatidgsatveiny.zed radi cal pol yneri zati on of
unsubstltuted al kenes is only effective for ethylene
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cationic polynerization Cherada 1984; |
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o®f
sucied s SERHERERCARE, 0 Mol oSt 208l Ptk pounronete
(AIBN pati Z8°C] (ilipdicieuth bpérogide (DTBP) at 80°C. Seven of the eight terminal
alkenes that were examined, both 1,3-dienes, and both terminal acetylenes yielded

polymers (Table 1). 3,3,3-Trifluoropropene did not react, nor did tetramethylethylene

or the Z and E isomers of 2-butene.

[0064] Alkene polymers were characterized by SEC against polystyrene
standards and by comparison with published 'H NMR and "*C NMR spectra
(Brandolini and Hills 2000; Asakura et al. 1991). The dienes yielded the cis 1,4-
polymers (NMR (Brandolini and Hills 2000; Asakura et al. 1991; Chen 1962,
Grossman et al. 1981: Tanaka 1989) and m.p. (Yen 1959; Ricci et al. 2003)). In the
air-initiated polymerizations of alkenes and alkadienes, one of the terminal groups
was -CH,OH, quantitated as the trichloroacetyl isocyanate adduct (Goodlett 1965),
permitting an independent determination of the degree of polymerization. The



pol yneri zation of term nal al kenes by the radical
nmechani sm [ 0062] To pronote the pol ynerization of
weiogikcamb kenes, Li+ is preferably in a poorlypreoiusaioed30470
("naked") form Li+ cationsi9present in solutions of
Li CB11(CHa) -1 in benzene (Pospisil et al. 1998) and 1,
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salts al so undergo radical polynerization in benzen
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experinment were: (i) laboratory air at 250C, (||?

from theyediesdsoyragni trile (AIBN) at 250C, (iii) di-f-butyl
peroxi de (DTBP) at 8Q0C. Seven of the eight term nal

[0066][al K Mk ??étgl‘é% pé’?& efoneﬁ(eﬁ{gcﬂ 2 gng ‘?{: gx&luaé?ﬁ% EstarIc?ﬂb%sFB?lW of Li*-

erm na enes yi e ol yners

induced, cationior ﬂ;}dl%/me[]ini@himp@melitwr:ﬂl o@nttrcgew;tre rono Kitthi ’?hexene. Air did
. tetranmet et ene or _the Z and E jsaoners of,
not iniaig iiSenly Fmi{aﬂ WA é-Geny Was asided Whendi eY/Rs ERplaged

with NG5 B8 Sy o P S R B0 i TP Rt
solvengndDe¢derated?dbexens dicinal @alymkerizd 99 With LTGB1({Celaps without
nitiatofiof pERIHEE k2t WithBotiiBeiadioh: townith AGRSat & o885 ¢
withoug!_i?ﬁ(délg% , and Mkt res ofd A- MHhYRFodIRShe WithAIBN in

. Inthe air-initiated polynerizations of

1,2-dicklrenthanerat 28 wrl %‘ﬁe§,—H@N@1%_t00tle@nﬁ%'r(ﬁ6rMIt9 POBIRETizgais the
rosor R LT oL B 5B R OS0R%

with Lid8,OH)at iIGHDAE 0.88 pgauin€® NMRolysriricorgdrated into the polymer
. Thepol yacet yl enes cont ai ned both cis and trans doubl e
in the prasgace PHTKMVRD:Shitsth8etGHePy . 1977 Katz and Lee

1980) and had the expected UV-vis spectra (Catal do

[006711 9964t frRf tehnftratifres 498, AIBN asd®YBP do not ordinarily yield radicals
at a useful rate in the dark. However, like other Lewis acids, LiCB1/Me4; catalyzes
the thermal decomposition of both initiators. The decay of AIBN in benzene-ds at 25
°C has been found by us to be first order in AIBN and in LiCB11Me43, with an
observed rate constant of kops = 0.49[LiCB11Me42)/L mol™* s'. The rate of
decomposition of DTBP (initial concentration, 0.015 M) in 1,2-dichloroethane-d, at 80
°C is first order in DTBP and in LiCB11Me12, with kops = 0.63[LiCB1Me12)/L mol™ s™.

[0068] 1-Hexene and trimethylvinylsilane copolymerize with vinyl acetate (ViAc)
and methyl methacrylate (Meth), (see Table 2).



Table 1. LiCB44(CH3)42 Catalyzed Polymerization in 1,2—Dich|oroe’[hanea
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Unoptimized results with commercial alkenes. LiCBﬁ(QH@

initiation, done in ambient air. The polymers were preci
°From "H NMR spectra; quantitated after treatment of tH@

doublet at 3.77 - 4.03 ppm (J
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groups, expected at 5.15 - 5.22 ppm,
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6Df§feﬁ4°fé’° mgsizatiqn f?%eawpé’@?'?‘ 8899 9.55 3.98 4 8 9
9 O CeHs-C=CH 9.00 2.70 2 6 82 14.0 6.00 7 6 8 5 28.9

[0069]92 4912(%% géﬁﬁ@ébrgﬁ)é‘ﬂ?éﬁaztﬁagés%ﬁ)gﬁ\7%gﬁaﬂe /27n§L7!Tooﬁéc§de%rf1ers are

formed.5ThisSs however pdt alwagpthercasel ansbwhes isobutylemsriser ci al

Copoly\%lé§l<rg7_|§5 W&B%%He C%{Sg@smOQQE@&:‘ N and @TE‘E w3k, 10% by

homopdNrhers e prod 288y inaddiibe s tha dEopoTWﬁepm ymers were
precipitated wwth C H30 H and the catal yst recovered

al nost quantltatlvely after flltratl on and sol vent
[00701evap2§1a gompare fe affectiyensss obhbisal tP&:f;é!aB?U%\ENOWt'@/ promoting

the pr#égq{é‘ﬁ% s?@ﬁ Q | %Pg;égt?lngt%t@‘éété/%ﬁ_@é%%tab@?{@H@€§%Sr$g 1-
hexenet w%dDBBP, an&ladfﬁ% HiNbAR Gmdic by aveighihin 1l f 24déshlarbethane were
expos A S R B b ISR gt 3
filter) IH%UMeﬁg g?i-rcftm?ﬂappeﬂa@% APH G, vﬁ1e§re]thrs xﬁmatd?'%é irtfvé fitthe

tons broad singl et at

dark. Photindn GTon SIS0 dutRIGea i Bl hHBBEses, bl -4t

oBvERME CREAIER T T B tRefy LD & CRERR B e and
LIB(CéFQ)4YQVﬂf cit mwem.ﬁany the(Gdide asaiencatalyst at @II)§WEt6:ﬂBII566 (85,
2.9), 11 2d00 (4I6m§_ 93)t 9g00 (41, '2.8), 8600 (36, 2.8), 6700 (26, 3.1), 5600 (23, 2.9)
and no polymer, respectively (SEC, polystyrene standards). These results are
shown in Figure 1. Thus, Li* catalyzes both initiation and propagation, the latter

presumably by complexing the alkene as suggested by calculations.

Characterization of Polymers

[0071] Size Exclusion Chromatography (SEC). Molecular weights and
polydispersities of the polymers were determined in THF solutions by SEC at
ambient temperature and calibrated against Aldrich polystyrene standards. A
Waters Gel Permeation Chromatograph, differential refractometer, refractive index
detector (Rl 2414) and EMPOWER software were used, with a three-column bed

(Styragel HR 4.6 x 300 mm columns with 5 um bead size, for molecular weight



eU-Vis (dichloronmethane): Imax = 248 nm(e = 6 10 0
M1cml) , 328 nm(e =3 10 0 M1 cnf'l) , 380 nm(e =
wa0/omocm 1) . fUV-Vis (hexane) | max = 285 RAT(U82096/030470
1900 M1 cm 1) , 330 nm(e22 1700 M1 cm 1) . The

absorption coefficients are per nononer. Table 2.

Li CB11(CH3) 1 2 Catal yzed Copol yneri zati on* nononers w
rangesvh00-&t 0@, S08e30/000, andBhEPE-60010G0Aend Eoftow 1aie F@.F enl/min.

The rebibdyFe tfe SRR Rerst e bR Ahiiode sleduthedifiom,
methadbMet h 8500 2700 40/ 60 10/16 92 3 Wth AIBN, 25C. SEC,
relative to polystyrene. b Equinolar ratio of

RadicghPgansa o of bithisbroaimBbiceCbHban G BWaL: fdur
copol yneri zations shown in Table onppol yner s

b 2 ,.no h
[0072], ¢ Kovasediscavared thatiselid sampies obihgdjkiuphealtakide and
j I = I i Zed; wi t I

e o G (G R BN R b2 [ s e ™
spontgneodslygublymerizeti i less tiart &elay i styrage unfdeéd@mmbidrd conditions,
whero§E R B R BRD Sl RS i
salts [H]8, {(h 812)48 dedtfhed 2Rl odGORIA RGP EbSHEIaTPeFhtdre |

hexene, 10% DTBP, and a 10% Li + salt (both by weight)

‘spontaneays’Zagiughy.cxygensnducash) e obpperizalionarerahasagierized, and

cviterBH9k Bl Sl BB B S B bR Bt i
mechadig@nhe this initiator is inactive in the dark. The Mw
(n, polydispersity) obtained with Li(1 -Hx-CBilEt

owme2) ,. Li(l- owe2) ., LiCB; 2, Li(l-H CBi
oy bbb Bt Gt Wbded 0 (5. e
oS FBERI Sl 20 ey AT ggfgg on e
knowndeprotapmtion (Jalinekzt )., 19980 @and3tkylatia®) of tie0fedkiy acidlialGH

5600 (23. 2.9 d l tively, (SEC
vertex 33 f 18P, (See Safiiead, harilkeny LBARTESS s ™ g masked
form (ifd.9pfctedied) Nsifice e coiifdne 65a BAbsedudinkt pafrmethyfldn of the
propagation, the |latter presunmab conpl exing the
S.p

I
carborgnr eagetisngs tiéftate yKingl e al-at9 gng U.S. patent 5, 731,470) are
not compatible with the presence of a multiple bond, an arqmatic ring, or a lone pair

elsewhere in the molecule. Finally, the double bond was unmasked (deprotected).



Characterization of Polymers [0071] Size Exclusion
wo 0 AgRbogr aphy (SEC): Ml ecul ar wei ghts andpcr/us2006/030470
pol ydi spersities of the pglymers were determned in
THF sol utions by SEC at anbi ent tenperature and
calibrated against Aid rich polystyrene standards. A
Wat ers Cel Perneation Chronmatograph, differenti al
refractometer, refractive index detector (R 2414) and
EMPONER sof t war e re used, with ggthree-col um bed
Styragel HR 4.6 3 nm col umms 5 nm bead size
yrml ecul ar weigRtt¥Ages 100-5 C%%E 80- 30 000, %ﬁHCHZ
600 000) andCH,Y, ow rate of (CHypi/mn. The (CH,),,
su ts were the sane for the crude polyners and tRrose

7 oI yrrE_Liz.aF :
4 O \ Li + N —Me
& h{i 0ft|!]e|lth =
salt of the al kenyl car borate ani on, CH2=CH(CH2 2C(BMe)
11 " Li+ ([n]2, n =5, 6, 7), spontaneously [n]2

pol yneri zed in Iesszv\ﬂjan a day of storage under

anbi ent condition¥ ereas the cesiumsalt was

perfectly stable. An efficient synthesis of the

lithiumsalts [n]2, {n > 2) is described; the products

of their roomtenperature "spontaneous" (actually,
Schemeok yay €ivHs OB, pEtyarol) refiukodr-Sad.d. \Me@ AT t@aklz edlfoland.
c. Meli, eMd Uz rathei.s provi ded that this pol ynerization proceeds

by a radical and not an ionic nechanism [0073] An

| nproved Synthesis of the Term nal Al kenes [n]2, (n >

[0074]23 : (ﬁescﬁ&d Qéﬁtﬁi:orﬁs)/lﬁ‘é\FEEéén efscfa %éﬁ.%érwn then = 2 -

Vyakaranan et al. 2004)
undecamstiotation mfdhe(13haloml9/nvatlv® of 11996)11:3&(&14 ainld;ﬂ astaohi;n awhilable.

This by SRR el Eoisind G PPt T8 To Phuhg Eadohreme

represéhtsethe rpttet §fdheibe for shéprepaigticirotdij2 ons Dffofn = 2, the
subsequent pernethyl ation of the car bor ane cage Wit

proceqyse iy Scheme hwasusedl et al. 1996 and ‘U.S. patent 5,
731 ,470) are not conpatible with the presence of a

[OOTS]Q}JL&JEE?% &T‘?‘Hﬂuloﬁglxg:frg f\éﬁioéé Flﬁ%ﬁoq?’%ﬂ ﬁ’t@ rﬁ%&ﬁ%%rg%e in4or5
with n-Badi anfBakeid e pobtenet@d)MEN(12- dlmethoxyethane) is quantitative.
The lithiated anion is an extremely strong base and deprotonates THF after a few
hours at room temperature. Subsequent reactions with the bromoalkenes CH,=CH-
(CHa)n2-Br required 15 - 72 h and gave the desired products in 58 - 77% yields. The
byproduct was 3, suggesting possible interference by electron transfer from the
lithiated 3 to the C-Br bond. Such transfer would produce the radical anion
C(BMe)+1", expected to abstract a hydrogen atom from the solvent or the alkyl
radical to yield 3. Allylation (n = 3) was examined in more detail and the results were
compatible with the suspicion. Allyl iodide gave no [3]2, and produced 3
q&antitatively. Ally! bromide and allyl chloride reacted much more slowly, but gave
69% and 52% of [3]2, respectively. To avoid the interference, the tosylates
CH2=CH-(CH,),2-OTos were used, and it was found that the products [n]2, n > 2,

were produced in almost quantitative yields in 10 - 15 h.

Scheme 2: a. n-Buli, -78°C b. TosO-(CHa)n2-CH=CH,, 10-15 h



n: 2 - 7 Schene 1: a . CeHsCH2NMe2, net hanol, refl ux,

3-5 d. b. MeOIf, CaH2, sulfolane. ¢ . MLi, -10 0C
wekher16700074] Reacti on conditions have been dpeTwsenned30470

that permt the undecanet hyMati on of the 1-halo

derivatives of 1 and make 4 and 5 readily avail abl e.

Thi s has changed the synthesis strategy radically. The

fol |l owi ng reacBron schene represents the route of

choi ce for the) preparation of [n]2, n>2 (for n ~ 2,

the procedurg7miyschene 1 was used). [0075] Under

scrupul ousl gondi ti ons, the hal ogen-1ithium

exchange in ,&; wleh -BuLi or f-BuLi in THF, /

tol uene or DMEL1 , 2-di net hoxyet hane) is

quantitative. The ithiated anion is an extrenel y

strong base and deprqtonat egi THF after a few hour(:{:}é})n2
Hroom tenperature. Subdgqueni reacti ons wWith the
Cljbrom)al kenes CH2=CH ( %
..d gave the desired pro" 7T7®% vyield

)
.e tn tran fromtlre S
sond. Such transfer wo dduce t he radi cal ani
C(Bl\/b) 11 ' , expected to abstract a hydrogen atom
3fromthe sol verdt or fhegal kyl radical to yield 3. [7]2
Allylation (n J 3) ‘was exam ned in nore detail and t
results wer e £ patible with the suspicion. Allyl ~3.7
i odi de gave 2, and produced 3 quantitatively.”=2"
Allyl brom i1 chl oride reacted nuch nore
slowy, but 9% and 52% of [3]2, respectively. To
avoi d the mterference the tosylates CH2=CH (CH 2) -
-OloS were usedy and it was found that the products

[n]2, n > 2, were produced in al st quantitative

yields in 10 - 15 h. Schenme 2: a. n-BuLi, -780C b.

TosO (CH 2) n- 2- CH=CH2, 10 15 h[0076] In an alternative

h f [ith
(0076 Xohdng® 3Pt $ytasyis el KHgans2 dNpNElRd SR eyohange i
4 or 5‘*‘5%“&?{3 F?%ﬁyla{%n(\ﬁﬁ?? Wkﬁbmda‘lkaﬂef grQCH}E, I(Sj\f' to afford the w-

Ivative [n]7 in 85%
broméalkylaierivatiye @e]mdrﬁﬁb-r&ﬁ%rymld&rfow\tvﬁd by ydm@m%w with

LITM|¥ g? gﬁ%&gldrseal%lsn feahsht 590R mids&nd! difriGitbt ekPerienced

previously with the dehydrohalogenation of C(BMe)q™ carrying primary alkyl
bro
mid

5]

al n=3-17
reac

tion conditions.



previously with the dehydrohal ogenati on of C(BMe)n
carrying primary alkyl bro e usu ["]7 [n]2 al 3 - 7
woeea/oiem condi tions. Scheme 3. a. n-BulLi, -78r00QUS2006/030470

Br-(CH2VBr 16-18 h. c. Li TM®. [0077] digoners Forned
fromSolid Li salts of [n]2 Spontaneously upon
Standing. It was observed that after several weeks of
storage in closed or open vials at room tenperature,

wi t hout any effort at protection fromair or ambient
noi sture, the solid mcrocrystalline lithiumsalts |
12, n =5, 6, or 7, partially lost their solubility in
non- pol ar sol vents such as toluene. GPC exam nation of
[5]2 and [6] 2 reveal ed the presence of oligoners
consisting of up to ten nonomer units. [0078] This
curi ous phenonenon has been exam ned in nore det ai

and it was found that the spontaneous oligonerization
of [ri\2, n =05, 6 or 7, under anbient conditions is
conplete in a single day (Table 3). Under the sane
conditions the lithiumsalts with shorter al kenyl
Sehemes3: a. a-Buli, 48 4 &.sBatlPH2)hiaebil® h.ed. i TME. are t he
sodiumor cesiumsalts with chains of any length. A

[0077]rri xtOhgonferﬂ;G‘%m‘ied fron iSotiiduloi” sa&sﬁﬂo{miﬂ Sphlontarsousty upon

Standi, ectsicerind AT ShuSeR ek agbhatt LRSS o
d .

vls SRTRRERAR bt esﬁ?ﬂﬁpéfbt%%“%f??@%f%ﬁ?*@@;

moistusdydie tsid munmcqmalhn@ fithiure siadts lfin]2atnesel 561 br 7 @réatiilly lost their

|
sotuoi i 8SoBlH seiepiRs FOREF fiftfe. L BPG BrPiRtofios 1P aa re12
reveal&®the pRenddof biigdher sisistingfoflupl 8. teh %é’norﬁ@ﬂuh@ 2,

but not their sodiumor cesiumsalts, also polymeri ze
1 day when kept at roomtenperature in air

t
100781, s ST sugiaus GhatodEoR hgerheEReaTBINEG IBIoTAsletailiang it was
found frat M FEIRANES Ss oRIEMERARNRYnIZ P93l B or 7, under ambient

conditions is complete in a single day (Table 3). Under the same conditions the
lithium salts with shorter alkenyl chains, n = 2 - 4, are stable indefinitely, as are the
sodium or cesium salts with chains of any length. A mixture of 10% of the lithium
and 90% of the cesium salt of [5]2 oligomerizes entirely. The NMR spectra of the
purified oligomers are those expected for polyalkenes and show no evidence for the
presence of double bonds even at the highest magnification. They show that one
chain end is terminated with -CH,OH groups, and -CHROH groups are not
detectable.

[0079] Spontaneous Polymerization of Li* Salts of [n]2 in Solution. The
lithium salts of [6]2, [6]2, and [7]2, but not their sodium or cesium salts, also
polymerize in about 1 day when kept at room temperature in air in a saturated
solution in benzene (Table 3). According to NMR analysis, one chain end is again
terminated with -CH,OH groups, and -CHROH groups are absent. The reaction of
the lithium salt of [5]2 was also attempted in 1,2-dichloroethane, where it proceeds
smoothly, and tetrahydrofuran, where it does not take place even after two days.
When the Li* sequestering agent, 12-crown-4, is also present in the 1,2-



term nated with -CH20H groups, and -CHROH groups are
absent. The reaction of the lithiumsalt of [5]2 was
wabhew/oasenpt ed i n 1, 2-di chl oroet hane, where i PCT/US2006/030470
proceeds snoot hly, and tetrahydrofuran, where it does
not take place even after two days. Wen the Li+
sequestering agent, 12-crown-4, is also present in the
dichlorpethatiec$olutiore ohtheditsiomusalbef [5ﬂ2,tncereaotlnn isrobservediafter four

cays. WO B Sl PPET BBt R et doethaRE sotution
of the ﬁlﬂhﬂhh QER ST 512 nd Polfrh@nisForméeler Bt BVaRID teﬂipdréﬂuZes

no polyner is formed even at el evated tenperature
When gifesslebeiizes ssiwiaiel hellihivmrsaik ot 512 is damoesnaled ad left at

room t[aﬁfp?erétﬁréj:ﬁ(églﬁeﬁ%tr%dfo?ﬁl\% 'e‘?fe'h fer'th Ja%@paefrr%w femg&tature

even a ter ree days ’at
followécbbpeﬂatjayeofoéﬂm/ed by two days of refl ux. [0080]
Initiator-1nduced Pol yneri zat| on of Li+ Salts of [n]2

10080}, 5, G @ TIDRHGRE HAy e et S it of (Upin Hetbated

Solutidh€ I8RO bBsemetedt &t tiind behbénaVBEmtians BftHeAlthiuth thied 6f the
is present, polynerization occurs even at relatively

monorhers arergiablatindefnitely, it whenteeradical initiator isspresenthar i | y

potym il o5 B € RN ENDlowd AR BPE L KB ne ey s

ordinaify dthielel ilh lihe! Bresdnce offi O%hiosbmtﬂrorﬁmtb (MBN)IW welght the
benzene is conplete in hours (Tabl e

room-fegraratre @pb'unp)erw&éloaafélae iy saleokiais) iﬁvlzhand/m?wm
onae ST, ek o 4 TR S0 PN e

detectamtwri‘?o cNM IR hAMb réo iABNQ Ehepneasbon ef t5]21§/<faml dhivvert bmtctakres

place FE{0 o RO MTBEREA OHIEEEGIH 38 SGiRTORS BuRy el 1aptee in
the préﬁceﬁo@%fw% WIBN‘ é’c%bﬁl t@f’nd&ét@lre b?do%ce@,@'cchfdlﬁnéﬁ containing a
observed even af ter | ong tines and at el evat ed

60:40 {&l2fhexanaretio PybHears! 6 MWt Nogrolyroerizationpefithe litium salts of

1212, (R P i el e g el s a8 Rl ntberatyres.

Air [5]2 5800 2300 - 6 8 3 [6]2 8600 3200 ~ 8 9 1 [7]2
10400 3900 -10 - 9 87 Benzene Sol uti on, Spontaneous in
Air



[5]2 24700 9500 -25 -22 8 0 [6]2 27900 12700 -32 -30 8

9 [7]2 33600 14600 -36 -33 85 Benzene Sol uti on,
wohkBN/erobi at ed, Anaero _>bbiicc [5]2 34700 18BOD/USA®6B30470

0 [6]2 34800 16600 -42 9 0 77] 2 33400 20900 -51 7 8

[6]2/C 6H 2 d e 29200 15400 -24/72 7 51 ,2

Di chl or oet hane Sol ution, di-f-Buty 3roxide/U

Table Bv_Rrieducss ef RoumdresnperaturePabyzoerization of L altsof [n]2
0 50 -7 8 [7]2 912 a- 8.9 nAver age:
m°”°”§§gr ezﬁ"bf pol ymerl zat i on g’y@% analny%h&é'% )ﬁased g'e}]d (%)
Solid $rate; Sporemteciisainddrds. b The 1 H and 13C NWR spectra
(Spectra not shown) conpare well wth expectations

[512 based 980R the |i43¥Pature $Pectra. of Pol yal kenes: 13
NIVR: ura, T.q mur a : Ni shi m, Y .

612 Aspieura, T.g M Y,

[6] Macr onol ecul es, fg 1, 24, 2334; 1H NVR, Brandol i ni ,91A

[712 . J.; 18400s, D .3900. NVR Sdéctra of ~@ol yners and 87
Pol r Additives: Narcel Dekker: New York, 2000. c

Benzep\ggoggtéora QUANFOUSINVMEr i zati on from terninal group

[5]2 Signalpg7pbegratiggpoi n 1H Nigig spectragal n air-initigged
pol ynmers, hydrox end groups were quantitated after

I
[6]2 treat 900w th t1)r/27@ﬂl oroace?y| isocya®fate: Goodl et89 Vv
. W, . Che 65, 37 31. The ,»CHR-CH 20 -
[712 CONH-B%%ECI 3 g}“gt%gns vverde36§bserved 3:33 s a doubl et 8a5t
Benze&e@blutidh,JlﬂBhplg‘iit(al(ej&, ,@n@el:robﬁ‘z; 2 Hé), and the -NH
protons_a s a broad singlet at 10.46 - 10.49 ppm
[512 Neit he¥708HRO cA3M0cocT 34%r ot ons, expected at 5.805
612 ° 5.2 @ nor ovi nyligoprotons were detectabl g

In Al initiated polynmers, 13C NWVR reveal ed the
[712 nitri38408r bon H&0A06r mi nal~51Cve 2C N groups (d 122.78 -

4 Mbad, - Sol ' . H: Johns, S . R
[612/0%!%14“?@%@. ?ﬁ%&@roﬁo?g%/ég 1984, 27?31094, but®
1,2 Di%\n}ﬁlt@%d&ﬁéwé SBIALANGI-MBE| PRESIISTV-Ritied, Mhasrobrt i 0

1- hexene.
[5]12 4930 1700 ~4 95
[6]2 7060 2550 ~7 89
[7]12 9120 3200 ~8 90

? Average degree of polymerization by GPC analysis, based on polystyrene standards.

> The ' H and "*C NMR spectra (Spectra not shown) compare well with expectations based
on the literature spectra.of polyalkenes: °C NMR: Asakura, T.; Demura, M.; Nishiyama, Y.
Macromolecules, 1991, 24, 2334; "H NMR; Brandolini, A. J.; Hills, D. D. NMR Spectra of
Polymers and Polymer Additives; Marcel Dekker: New York, 2000.

¢ Average degree of polymerization from terminal group signal integration in 'H NMR
spectra. In air-initiated polymers, hydroxyl end groups were quantitated after treatment with
trichloroacety! isocyanate: Goodlett, V. W. Anal. Chem. 1965, 37, 431. The -CHR-CH,0O-
CO-NH-CO-CCl; protons were observed as a doublet at 3.60 - 4.15 ppm (J=6.0- 6.2 Hz),
and the -NH- protons as a broad singlet at 10.46 - 10.49 ppm. Neither -CHRO-CO-NH-CO-
CCl; protons, expected at 5.15 - 5.22 ppm, nor any vinylic protons were detectable. In AIBN
initiated polymers, *C NMR revealed the nitrile carbon of terminal -CMe,CN groups (5 122.4
- 124.8 ppm, Moad, G.; Solomon, D. H.; Johns, S. R.; Willing, R. I. Macromolecules, 1984,
17, 1094, but the methyl protons were obscured.

¢ Equimolar ratio with 1-hexene.

® 60:40 copolymer (by mass, quantified by the 'H NMR) [6]2:1-hexene.

[0081] In the presence of 10% (by weight) di-f-butyl peroxide in 1,2-
dichloroethane, [5]2, [6]2, and [7]2 do not polymerize in the dark at room



60: 40 copol yner (by mass, quantified by the 1H NWR)

[6] 2: 1-hexene. [0081] In the presence of 10% (by
wordgy7odi - f - butyl peroxide in 1 ,2- dichl or oechansenne/030470

[5]2, [6]2, and [7]2 d o na8 polynerize in the dark at

roont enperature, but after 12 hours at 80 OC or upon

U irradiation at roomtenperature, they give pol yners
tempetaiuie, biukaftar 12 bourroale8BHE A Hean Wy rrramaﬁom #iNogen temperature,

they of BAEIEE 1V $FriatlouiSsg BEGHS 48R SRR TR ety

abovet he tmlrwmétio?ﬁéxpmmﬁ@ﬁcbnI9mllgame$$lmr@$@ﬁ1bcalahd@ﬂiélﬁI12—
[ 0082] Sone of the experinments were repeated in the

Crownﬁr wa3s ﬁééeéf th@rwﬁmﬁ@zﬁmrle@cﬂw msmpprm. alfagethafi )
and 10% AI BN i n benzene at 80 0C, polynmer formation

[oos2y O'TSE)Hezoﬁhélé gHJngs ﬁl@f’e fe?)e%tlt theggé’ér%eeof tra 0%mg

conver si on requ ours. 1% OD and 1
agentsAl Bfithi ‘ertﬁBu@lne(Oeﬂt mk3% aod, 1086 ﬁ(ﬂBNnmbengem@ahéG *Cnpselymer

omatlBSin A sGEBL AR R AR5E 2CLM e JEN Al R
hours.f WitFedd OH1G DY $0%3NFBMﬁﬂbéﬁué‘hedétl259‘fG Llaﬁpol mer is formed in
i ncorporated as CHD (d 0.82 ppmin 2D NVR 0083
8 hourgi sapseniaiieo mcomcsnte(obdmtsnw i With 106 @do % AIBN in
t
benzefig At 25o e HAUHsP BFRERT 8PS, g i Henforium o
lncorpﬁ@ted BeeCAPHBIEs2 ppat in ‘WONMRINt k obeyed the equation
0.49[LiCBnMei 2]/L mol 1 s 1. In the absence of

[0083];f t eh’hé%%p&%ﬁnce{] (% %?\ff&i 8@%2@“) avsao llt?onegg r]tammg
varyinég@ﬂééﬁﬂr%ri%ﬂ.@ﬁ?{hﬂé%?@l%vﬁéd Hi¥ebldeidindticalat rodr:

tionic polynerization was attenpted using the
tempemueen(Z@ (él)ev“élhmppplamh rae gionstaah & abeyeadithe eguakarnk =

0.491L{GREMEEIY, a3 1A Re e RER 1P sl AT RYE o

obser\yme@k,éﬁglft@ab fedtalygst s (G bson and Spitznesser 1995)
based on group 4 netallocenes. The

a-di i m neni ckel catal yst 8 was prepared (Johnson et al.
1995) and used with MAO as cocatal yst, and the diam de
conpl ex of titanium9 was prepared (Scollard et al.

e JACS 1996). It was verified that both
ynmerize 1-hexene to a high nol ecul ar
er, but all attenpys to polynmeN ze [n]2, n

ded only lo I ecuM| ght

[0084] Attempted Transition-Metal-Catalyzed Polymerization of [n]2.
Cationic polymerization was attempted using the recently developed non-
metallocene transition metal catalysts (Gibson and Spitzmesser 2003; Johnson et al.
1995; Scollard et al. 1996) which are more active than the classical catalysts (Gibson
and Spitzmesser 1995) based on group 4 metallocenes. The a-diiminenickel



oligomers wth Mv of 1700 - 2600, smaller than those

obtai ned by just allowng the solid sanples of [n]2 to
weizo07one@mo bencht op for a day. Extended reacti ORCTIUSE®6/030470

of up to two days did not I2ad to increased nol ecul ar

wei ght. [0085] As suggested by their appearance and

consi stency and proven by GPC anal ysis and NWVR

catalysiSewas psenaied (Jofngencziiadt 199F) andeusadwidh ViAQ asdcocatalyst, and

ne e HeEh e ISHETE ST LY J5B8) oo i

B(CsFd)} as obatafst {Dedllapd aht MEObmale dACSrIg8) . It Wag veafidPitat
r to be indispensable for the polynmerization to

both C@t@g/@is pel¥gerige dskexane t9ea highemetecular tyaightaelymes but aéy
attempgtf,e g%?glghfe‘?ggd , gfrf-pl%:e')i(ncf‘é éﬂéfdeﬁ%@loWHo%ﬁﬂé’rr weight
oligomees withy\dy, of W@ﬂn 260, srealtdrithan dim olthineddnejadt aﬂlavang the

. deatlv [ effect, of t- be attribuyted
solid s plassf Lal2 o ShaneHb %m%%?cgr SR wEXIAnded repetaIptmes of up
to two %S/é Gfbsnéﬂe&cﬂ‘?o IRl moRdravdighd 0086] The
reqU| renent for the Li+ cation to be "naked" strongly

gests that Li+ plays the role of a Lewis acid in
[0085]t he /ﬁ%Byﬁ@est@dthydhemra@pee@ncet@@m@aﬁtsn@hamd]arcweandw GPC

analysB GF AR st RDskORy. GRbHERET RS oAl e RRE & iz

are polymérloaémd)ﬁat(lraédcaﬁllthbqg pﬁ@éntard@ redtavish s b@mhucby theory,
evidently catal yze e presence of naked '

itis ”OlegdkthaAPBRf ly selatrskeaalkrd ™y ugﬂgns PRPeAaRio Reytiglispensgblgdor
the poffierfzafion B b¥cur BEIcRs 3 1 e SEntigiiL dHney e
replac@Chy argpe atkiali ehgtal dateorsi oredeactiepteddencamplexatien WitBN 2-crown-

4 or tefBE B0, B TRACTPT Ao BOf pPRBRoheaastang Slieatef ¢
BuOthééﬂtbé‘aWtéd ft(.’i ﬁ§‘b‘a§l&|t9fwﬁ|'cﬁ|}5rb§al§i9 @Hb\% foltR llnb titidati8ns in
re-equil I brium and that the conplex slo

the forcre@ @Ok ".i nto Li+, N2, and radicals (ii) Upon
photoinitiation at room-t errperat ure, polymerization
onl y.

oose L TS FolUER chioPICEE gl byl ussost har L

plays tderrble&bfrear_mnstmd il the mlmeqwﬂmnpmcesat abxetfedts éroimdividual
W)l est rrecha&% sns for the ?m)tl on of
steps 'PatB? eAYMRiEdigRMeshatiep arg not 43'93“

observations, but both initiation (radical formation) and chain propagation are

t he
y separated in most of the

evidently catalyzed: (i) In the presence of naked Li*, AIBN decomposes at a useful
rate already at 25 °C and di--butyl peroxide at 80 °C, well below the normally
required temperatures of ~60 °C and over 100 °C, respectively. The linear
dependence of the AIBN decomposition rate constant on Li* concentration, observed
even when Li" is in twofold excess, suggests that a small fraction of AIBN is
complexed to Li* in a fast pre-equilibrium and that the complex slowly decomposes
into Li*, N2, and radicals. (ii) Upon photoinitiation at room temperature,
polymerization only occurs if naked Li* is present, and it is suppressed by the
addition of 12-crown-4. This demonstrates that the propagation is catalyzed, too.
The simplest mechanisms for the promotion of the radical propagation step by Li*

would be its complexation to the radical or to the terminal double bond.



woul d be its conplexation to the radical or to the
term nal doubl e bond.[0087] There is considerabl e past
wanel7ogy7obor catal ysis by Li+ ions acting as aPCEWIS2006/030470
acid, for both types of pradesses. The deconposition
of AIBN into radicals is pronmoted by AgCl &4, ZnC 2,
BCl 3, AIEt3, and other Lewis acids (Barton and Borsig
[0087]1988Tlae)re is thes:peatd@aasbanalemefqrméalms biyrLit leas acting as a

Lovis B BRRIRER o eS8 T A PR s

promofddiby AgOIaS, #nc ik, BOB! AELS dnd cﬁﬁélel@émsfa’iﬂcﬁs {Bfton and Borsig
reported for a vari ety of mpnoners strongly activated

1988 ajy Tfe@]@f@nﬁ@aﬂogﬂa@p@or@é@ﬁw eheypolyfarization ot anpylanitsls isn
lncrea%\%d UP aé‘&l'tlar? of Eﬁg C(%an?@r‘d &YS4 %ﬁggﬁd Pl%] Va{f@%snmllar

1 on o and er ac

catalytiinmletaé slaii mﬂf@ctﬁalsa\km[l@eerofépm‘ntedsfed atvarigtydoff r]yilormnmemestﬁongly
. reactj vig I N Copo I ons an O Ln u ce the
activalpgu TuEOTs SR ARBE B R 1SR, GOCR SaUP LI ToL S, Acids
| t 8
(Barto@%agtd%lgrﬁgazb? sﬁéér; 83'?'? )ﬁhdfa%f?ﬁetﬁécry 94 hnd bRRG8]

. esented i scovery that even the
activateddiotiddle \oomo}m’eass baen @ﬁenfusedatothEyeuoaDIRen esaatizity be
ed t hat

copolyBizfians Antss ifftisPt e tadhY of BT (RO%ad and Serater

1998; Raiet aaczomsaehtzvétta{ 2403; fLQﬁ@ettaltlzuml n the solution
of Li MMC(BMe)-1 1 in benzene and similar arenes is

wel | illustrat ed bot h b)( the great enhancenent of
[0083]LeW| Whatisipesenteagshereds thredisegvery dhatyan f@ﬁsra@!%ks et

polym |zatr%godlf)unra% \?etﬁtbd%\lﬁéhetsrtea ?hﬁ@bb#% H"éﬁ%fﬂ)%ﬁis éﬁ%vnded that

& aCtive S0l
the Li* (c&tmue mduﬁmmﬁlylﬁﬁﬁly sGhiateth THO ZmeBang be@x0Acid ketiety of

these Saiats e #1180 kbl iliMeTiwin Rrbeens:foh SFRirarency is wel

illustrafied BM!h%foheC@’éEPéﬁﬁ‘ﬁm@?hé’rﬁ%f%mﬁé a¥RLRfalySIERA patiby AR
(Janousek et™ al . 2004) MS@% Since many netal salts
ey

reacthrtdeoaStetlaltZﬂjShrsl@Itlve Yo fly ueed gnelcn theraselves quite

v SRRAR 5 6L o B A0SR kb . s 2000

Kumatt 260 Dbafichesbriiaing wedissohested Litiohs, &by ﬂfélﬁ‘ébllﬂy to abstract a
rinciple. If Li+ were to act |'i ke other netal

methidesgnigndrons methylatad carbpEANgRNiaNg at eleialesiismrsiatines a

and initiation of an electrophilic attack
Jano%@kb%e ac |vat ed doubl e bond on the doubl e bond of

anot her al kenyl carborane ani on (Schene 4). Chain
[0089]gr owBince many metal saits (but not lithium salts) and other Lewis acids are

known to initiate the cationic polymerization of unactivated alkenes (Cheradame
1984), this route to the observed products needs to be considered in principle. If Li*
were to act like other metal cations, the first steps would be complexation with a
double bond and initiation of an electrophilic attack by the activated double bond on
the double bond of another alkenylcarborane anion (Scheme 4). Chain growth
would be terminated by an adventitious nucleophile Nu such as water from the air or
methanol, which was used as a solvent for crystallization. Either one would also
convert the initially formed CLi bond to a CH bond.



woul d be term nated by an adventiti ous nucl eophi l e Nu
wo 28l Water fromthe air or nethanol, Y@ﬁ%d&ﬁﬁ&m

as a solvent for crystalljzation. Eit her one

al so convert the initially formed CLi bond to a CH

bond. Schene 4: A hypothetical mechanismfor cationic

pol ymeri zation of [n]2, n =5 - 7 . [0090] The

i nternmedi acy of an al kyl lithium corrpound central to

this mechani sm* | ooks hi ghI y inprob especial ly
when_ it _is reqalled th po merl proce
ev&p’:ﬁ:}&l'rﬁi[l@?ﬂc %%ppres?&l on reyg@al

of Rai r, andpreacti vat etR by OHyhiofRa ra ICH
initiator such as AIBN. It s believed that E@ X
cationi c nechani sm shown, and al so ot her catj onic
mechani snms in whigh a proton would play the*role
presently ascri beH®,the |ithiumcation, can actually
be excl uded saf el because the oligonmers forned in

t he presence of gEX®D do not contain incorporated
deuterium wRi j M med:+5 -the presence of CD3CD
do. [0091] Alsogferfailure of active netal-based

catal ysts to induce significant polynerization of the
term nal al kenes [n]2, while they catal yze the

Scheﬁgel X':Eﬁwbégfh'eﬂeal%eéﬁgfﬁ% fb%é‘t‘idmxj: p?iybﬁ?ﬁﬁtloﬁww n=5-7.

catroni ¢ nechani sm reason

o050 S Bt SR b S o meshrim,

fesPeeRA AHePt Rfrethedat the polyaterization
looks q@ﬁlpwﬁg eny lé?ggﬁcar b%r ate anlrgn Such assgc'ivatl on of

proceedarevensn rmbientaiTmspbate, dhsUNPIERSAE LRPRIreMONaL ¢, and

oo o T M Bl el e
cattom@@n%hg*&éiﬂ lsﬁb}/w and%%t (IutEbabaNorﬁt: necha@0as inAlvhicb\a pioton
ngl eson et a

would am&ath@ fole,preaerheasibeRde Po M AR (P AP ALY By excluded
safely, d Sl 4k t@é’hh?@i\eg OfnkhSn M%&%Ee%‘ﬁmﬁdD dotri contain

ai n-eén cations in n the nechani sm under

incorpeeited deutriunm whilel thobe fammeetindtie poesanteyoft@DIB 4. at e
with the - C(Bl\/E‘)-lI an| on but to actually abstract a

[0091]{/79 ab%l@og‘hﬁlf%" %g]é‘éjﬁ\‘(? %%@E%Qalpgfs tﬁﬁ e §|§2@§3rét ’
polym@n‘?iét%réfztﬁé *té’rﬁhlﬁél dIRéred [H122vhild tHé?ecaialyzemhie palymmzatlon of
proceeds by a radi cal mechani sm the Li+ ca@_}ﬁo&? ;
simplevtermintay atkebicbi argues @opist Qé‘r?é'Patq TBRCRANIFA &Y [ﬁﬁson or
this m{rﬁ@s d%ﬂ%#faéagéwg@gcm‘itlf lg%feabﬁ\%tlcﬂﬂoﬁhé %‘é‘té%iét—eﬁkér?ec Eorﬂﬁlex by

uce a secondary al radi cal
intramelular association of the metal center with the alkenylated carborate anion.

Such association of various metal-based cations with methidic (methyl anion like)
methyl groups of methylated carborate anions has been well characterized (Clarke et
al. 2004; King et al. 1999; Zharov et al. 2000; Zharov et al. 2004; Ingleson et al.
2005). Based on the apparently facile abstraction of methide anions by &buty!
cations from the MeC(BMe)+4” anion (, the chain-end carbocations involved in the
mechanism under consideration would be expected not only to associate with the -
C(BMe)1~ anion, but to actually abstract a methyl group from it. They thus do not
appear to be viable chain propagation intermediates in the observed polymerization
of [n]2.



growm h presumably term nates by chain transfer due to
allylic hydrogen abstraction. [0093] The two sinple
woaye/oieronhi ch Li + coul d pronote the radi cal  PCT/US2006/030470
propagati on step are conpl eation with the radical and
conpl exation with the al kene. Two decades ago, ab
initio calculations (Cark 1986) predicted that the
[0092]act i K #he pelymarizatien perceeds bydriradiedl regchanssmethigylii™ cation

scts ot B RS of BB G5 58 s Ay et
a radidan@ttaéit bAthé Batiblehwrd to preducsa lﬁegbhd@y%ﬂbﬂ rédicanVChain
fromthe alkene to the radical. Mre recent

growthcpriesuMmabiioiesminases by shaty tanstendus ipplbdicdygergammabstrastion.
activation of a double bond by such conpl exation is

[0093]9€NeTRE 1A LM v‘r@%ﬁh'vﬁﬁl&q L?*Q:cﬁﬂ&‘ﬁl‘cﬁﬁ@te the rééchPﬂSH&ﬁB@atlon

not surprising t here has beeh no experi nental
step arsecornplexatiomwith theeadicalanslicemplexation wéth the adeerearTwes

docadtS gPhEal HTEE vaRUAREnS AR ) bRl bRl iR thd B
for theadddlt&m ot 1pe riembl Ridisan b ethylrie/wiarKiedueeatdigsatthas half
sol vents have not been avallable and the ani ons 12

when thedatiergisiapmplexashio iin an eeposiggrme indicajientaaldhedé cation
right SR THoB0 orl FE 4kl RSB B) Uord R SERiE By iom
and Cizeic 003 spretiivted tdit tiad aclth}et)marofaadcbubm bbn{i/b?] sﬁtchrcomrﬂexation

7. The chain-termnatin dro abstraction |
s gengiab ARG Soh ¢ TEie 1p GOV e BethARedt CarPTISTED {1t kg has
I
seen ELRNAENE AR oA f o @it ol 4 e ar

awaressibsé isplubhe sﬁts thabivesicheerve gsrspueesiof makedt bié caames aapable
at, descri b her %EOF&OOQS

) vi.or
of conlexing g pIA R PR WA ERP e e have not
been é\%" Iﬁb!éalana|tl|1@ﬁﬁlstt[hthr@ﬁhgﬁﬁlt uﬁiﬁiﬂaﬂ& iPaigatdie fiwe tdke the
| ooks nore plausib priori, and all the evidence
compujatienal esu st face yaw@nﬁw mechaniprhshawn x§Gehkemed is given.
apparently able to act as an initiator, and is
responsi ble for the presence of a term nal hydroxy
group. Its renoval suppresses the reaction, as does
the addition, pf a radical scayghger. The mechanism of
t he oxygen-i nduced initiationihas not been
i nvest i gat¥e—=Ckygen coul d I6=%@Hj vat ed t owar ds
addition tp a doubl g bond by conpl exation of Li+ to
CeeMpy, o —R—and HC—cOH ¢ £Eha radi cal
center2 on carbon b% I ndpgjdgnel ect Ron t@HHSg%
processes. Al though one-el éctron oxi daklf on oEMdJeEN
per al kyl at ed car bor ane

|
l HC=-CH,
R
(Eﬁz)n-z -
TS CH—CHZ)
R= @\_\[-Me“ n=5-17 \Cl‘{ \x
‘V CM02CN

Scheme 5: The proposed mechanism for radical polymerization of [n]2, n=5-7.
The chain-terminating hydrogen abstraction is not shown explicitly.



anion is difficult, it mght conceivably also
intervene. In the presence of a standard radica
wonodzicason, Al BN or dWbutyl peroxide, oxygen PETmSR006/030470
needed, and the chain end gBoups are those expected
fromthese radical initiators. [0096] The product
pol ydi spersity is high, as expected for radical
pol ynmeri zation. In the presence of 1-hexene,
co-oligonerization is observed. The ack of reactivity
[0094]of tTiee arichanism fdr the fildurh calise eatalgteal radidan bdlynterizafion of
s probably a tr%gutable to steric hindrance by

. - 4, | .
simpleupactiyateyali Whichi tBR cathasane @sian slsiitygnt|R s migsing is
tial i : ' as well. Indeed, the
propos%g;cgrﬁvégtﬁeon t Stm?‘?n*g%r?ﬁf'@% g&?@bi ght of the oligoners
of [ri\2 is never very high suggests that the
[0095]abs tAliwughrihisf behidwariis atspounrecedented fior thegwlyroeritation of a

termin%I;%?%rgqe\wgﬁg@/qrgﬁctgvala&)ig{géé%g{iﬁgﬁg, llly Ifgégg]uo?'g p:ﬂqs}ﬁtlpqg a priori, and
all the etiEAYE deSyIBdtEabovedls dontpdtine With el OxRsErCRIPparédly able to
ani ons [n] 2 has been di scovered. The availability of

act as gRdnitiator i dnchisgeseensibiatipybediresanca atia terminalhysrexy group.
' E i L far.t he i
s romBL B85 8BS AR R A e
The meshdridrntof ¢ing oxy'gmw—imjdluwe_ﬂmtiaﬂor{ has Bgﬁbﬁ%ﬁ mdsii)%'ated. Oxygen
roomt rature polynerization w:t as . the -
could b petvates (ava/Es Asition 8,2 é@i‘lﬂﬁt@“g@yt %ﬁ@weﬁﬁ*%d Li" to C=C
0s.8i bl Wiy . _ _

orto O BBubfReBSeABH o g b bAREPOG B i ecror
transfec procasised, Althpogh aneerlstirdn exidatian pf the paratikyteded zathovane

of . Inl2.0s.helieved to proceed b he radi cal
anion i3 SFHF 41 Pigtl cpEesiabl ARER Vet ImeRiFseice pha staydard
radicallifitibtt®, AiBNiov B1-8BLtySpéitikidle, LRGP VMGt HetedOand the chain end
substrate is somewhat special 1n that it carries its
groupsoiie thase pyrectesibinay dresetmadiogt indliaterss esul t s have nuch
wi der inplications because other lithiumsalts sol uble

N . \ , . e
(0361, VETERHgERPRI RGP T 58 et sl popmerizatin.
in the preseneel bt dthexdde} cavligotefizationt isabseast. | Dns . deKAPea&ctivity

1: Li It Catalyzed Pal i zatj ons, and .
of the P ilDrd SHeR BIRETYLRtOD BYhsor 2ok M ATPBAPIY Bitgbutable to

; ' I v = ya(j etate), PEA =

s HRMEE UL, Mg, “amerslailtee L)

pol ypropylene, Meth = nethyl nethacrylate, AlBN = _
[0097]azoi ldoBalts eafaivizeiateer adical teaqliops as well. Indeed, the observation

that the molecular weight of the oligomers of [n]2 is never very high suggests that

the abstraction of allylic hydrogen, which leads to chain transfer, may be catalyzed
nearly as much as the radical addition process itself.

[0098] A much improved synthesis of the functionalized carborane anions [n]2
has been discovered. The availability of the 1-lithiated derivative of the
undecamethylated anion 3 has broad significance for the preparation of compounds
containing the unusual -C(BMe)+4” substituent. The polymers of [n]2 obtained by
room-temperature polymerization with AIBN as the initiator have molecular weights

suitable for a possible use as solid lithium cation conductors, as well as other uses.



[0101] Lithium carborane catalysts: LiCBnMei 2 is
prepared as described in PCT published application

woe0RZ/0079210 and is further described in Myss eCTAIS2006/030470
2001; King et al. 1996; and4Pospisil et al. 1998.
Addi ti onal nmethods for preparation of Lithium

00 arbo ane and borane salts usqful in this invention
[009 pé%?ﬁ? dien therevidence geliasted “spantangous’lgi-oalaljzes+] [ |

oligo%éﬁ%éétgomlﬁi %ﬂ'é&gﬁéb %o%eéﬁeﬁﬁy %qu m;%qH;Jneac]#&‘nsm aflliis

initiated Ibycirabient 8%ygdn) in a round bottom flask (250 niL)
eqU|pped with a stir bar. EtOrf (6.0 nL, 38 nmol) was

001G 0 B b e SO o
in thamtmw& M‘@@wﬁ'da%l?& Wi e ver2fHe?ore 38Rt r@shlt@ﬂgv%1 'nlld.fc?lr\ﬁﬂier

rou% a coarse frit. The filtrate was quenc
mphcg@onﬁ @ﬁaQS@/@mefmlwncﬁadth(sotummzwaalslyroenmdmaltmgssﬂgerats such

oo L 0PI 0 P Bl e R05R A dhcton anc

for otlesttreacties.wi t h 3 ¢100 nmL of Et OEt and countercurrent
extracted (2 x 2) with 20% aqueous CsCl. The organic
| ayers were coll ected and concentration under reduced
pressure gave a thick oil of the product and
sul fol ane. The sul fol ane was renoved at 300 mm Hg /
150 C with a kugel rohr apparatus and the crude product
recrystallized in 50 nL water and 100 nL acet one.
Yield: 0.60 g. [0103] [Cs+][!-HeXyl-CB 11Et 9Me2T.
[Cs+][I -hexyl-CB-i 1Et9H2 ] (0.25 g) was conbi ned
with CaH2 (4 g) and sulfolane (20 nmL) in a round
bottom flask (100 nlL) equipped with a stir bar. MOIf
(5 nm) was added using a syringe punp over 4 d and the
contents were stirred at roomtenperature. After 4
days, the m xture was diluted with CH2Cl 2 (300 nL) and
filtered through a coarse frit. The filtrate was
guenched with 20 nmL of 27% NHACOH and t he CH2Cl 2 was
renmoved using a rotary evaporator. By addition of
water (100 nL) a bi-layer was forned and the aqueous
solution was extracted with 3 x 20 nL of EtOEt and
countercurrent extracted (2 x 2) wth 20% aqueous
CsCl. The organic |ayers were collected and
concentration under



reduced pressure gave a thick oil of the product and
sul fol ane. The sul fol ane wasrenoved at 300 mmHg / 150
wOCQowvoiéroa kugel rohr apparatus and the crude pPOTWSR006/030470

recrystallized in 10 nL watisr and 50 ml _ acetone.

[0104] Tetraphenyi phosphonium 3,5,6,7,8,9, 10,

11, 12- nonaethylcarba c/osododecaborate [PPh p e
EXAMBLE 1 iBalt Ctalye 2 ationsmand Gopolymerizatioy

3. 62 mol ) was conblned Wit h CaFE (10.0 g, 250 mmmol)

01002 TS bAPEBFSE, P 5 P tel L BB R Ul B,

PEA —My@twﬁlerw)gatesyPErxg@olpemmleme PP6= %Bmobwn?e;mnémhm methyl
were stirred at roomtenper ture. ter ays, t he
methagiyiater 81BN S araispidyranitple FA-188 m) and filtered

through a coarse frit. The filtrate was quenched wth

[0101]40 LTthiGQfn 85%&'5'&9&@&1%43%@@%%1%%@6%&% él'éédﬂ%ea in

rotary evapor ator ition of wat &X
PCT plblighest apgication .waoamargena aanqlueétu:éhesraieﬁcnbadvm oss et al.

200%; Rfid 8CA1z 809 Shed PPl o3 o0 48 v et M BO5 Yy iRparation

of LithiudY @4 oiené aﬁ@Ildo@&rﬁ@éalwdsesmnﬁanrimémmnmgwromaéu @ed.S.
pressure gave a thick oil of the product an

Patentsﬁj7$bl43ﬁe The sul fol ane was renoved at 300 nm Hg /
150 OCwith a kugel rohr apparatus and the crude

010287 JEYTH1HGPIEEY BT 1G5, oo EERATA0 Y W combined

with CaH} 15 0NiVR 24Rndriol) amd&ullﬁle{rm (3!DH=hLFiﬁ(ﬁ-E(jund Wotﬁﬁn flesk (250 mL)

N e N
over 1EStd aﬁcﬁ*thé%&(téﬁ?& wefé é‘tﬁréoqat r%@ﬁ‘n te(ﬁ'TBérEtLﬂfe 1)A]fterq{53?ay{s”’che

mixtu r{a yyasammw Wlt-l'EéHSC[z:@Oé B)L) B(nli.fﬂte;[gql througb a4cqa5$e frgB The

filtrate vg %@J(h,edlw% ftﬁ b gg??@ﬁ%@ﬁ%&d ilﬁasgéfﬁg@ﬁé\f&ﬁusmg

a rota%@}f’ér&t@r B¢Gidelition d3katel (100 mPPaHiiayerldds fofrrled, and the
ESI MS(-) mlz 397, expected isotopic

aqueoussspiut@umwm exuractgetmh 38460 nzlsmbEtQEB@nd f%rsterqéz%lt

extraciiy{ g il 4095 cayEi CsCly g hegRoaiedhiAS viig geffected and
concehf?’éﬂ&r{ hnbbﬁ%d%géi}_'%u}e gal€&sithlck-dit §¥hé bré et ahdviffolane.

nbi ned with
The sulfolane was removed at 300 mm Hg / 150 °C with a kugeirohr apparatus and

the crude product recrystallized in 50 mL water and 100 mL acetone. Yield: 0.60 g.

[0103] [Cs™|[1-Hexyl-CB1EtsMe;]: [Cs™|[1-hexyl-CB41EtoH] (0.25 g) was
combined with CaH; (4 g) and sulfolane (20 mL) in a round bottom flask (100 mL)
equipped with a stir bar. MeOTf (56 mL) was added using a syringe pump over 4 d
and the contents were stirred at room temperature. After 4 days, the mixture was
diluted with CH,Cl, (300 mL) and filtered through a coarse frit. The filtrate was
quenched with 20 mL of 27% NH;OH and the CHCl; was removed using a rotary
evaporator. By addition of water (100 mL) a bi-layer was formed and the aqueous
solution was extracted with 3 x 20 mL of EtOEt and countercurrent extracted (2 x 2)
with 20% agueous CsCIl. The organic layers were coilected and concentration under

reduced pressure gave a thick oil of the product and sulfolane. The sulfolane was



sulfolane in a round bottomflask (100 nL) equi pped
wth a stir bar. MeOIf was added using a syringe punp
wover7/Mdemoand the contents were stirred at r oORCT/US2006/030470
tenperature. After 4 days, 3he m xture was dil uted
with CH2Cl 2 and filtered through a coarse frit. The
filtrate was quenched with 27% NHACH and t he CH2Cl 2
removedat Be0owadlg$il 60 °€ with arkygelrajpoaEparatusByndcatha ¢ride podduct

fer, . wa formsd and the aqueous sol ution
recrys\\@geg)grt\ r1§dT‘Lc‘IV5&P'E ﬁ”%ﬁ Bl 2RBIORGuUNt er current ext ract ed
W th 20% aqueous CsCl. The organic |ayers were
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e solve conbrned organic la
throughredesarse dhitc ekhepfileateuwas lquegchmj with @0 L tdf 27 YovhiH OH add the

CHLCIPYBS fefoya usiogR BNy mApqurice. Y Gasian o waled ig L) a bi-
layer v RARR it tﬂtghéﬁﬁf g%oHtﬁnW§ ex traf(&é@WIthc?Q?bé"mL of EtOEt

procedure: Ei er air in

and coumtaduaénmb(tranted\l(z R 2) withl zo%re&ﬁmuplﬂsﬁlt Mg organlc layers
degassi ng, as sgem fi ed a ~10% solution of the Lj+
were cgﬂwtesfandr@n?@ﬁ Atien upder rz&da'peﬂ PreFise gane acthmkacwmfrtae

prod udt té%dsédfyo?ﬁeo etrﬁee B RGN E (Na?r}ehmvgﬁ aﬁtt %botmm“ﬁ IN50(E0fth a

e nonomner ner pre ursor)(
kugelr@hmﬁmraammemndm@dm relcbfystallaeu ih OAL ineitet anwrldo mL
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acetonen VP 100 9 (83 t"/ﬁeiter@df“:%os@le%o VBRI Breth G 0pdrm, TH,
PC&%W%?@&%%@' pétrsaff'%”fs 1H' @31){6‘9@&1’3\4' @(ngro 90f, qeNB(4)],
0.86 [tappldr BHyE - mg)]n@css [ 530, Whﬁdﬂ)}r@ 46 dg s, Gep@ut 1)1 aap [m, 6H,

cra(3 B af 25 24, R Aot 52 b HEL 1800 s 7. B-11)L

-10.4 [bswﬂa,m@}&ha@% ng5291-$(2/@)3 7%9}1'@@ NlﬂRdé Vfr?@e[rseCHézna 11)],

ecipitate s
60.88 &r ﬁidzl)] E/&QSr{deéstf 3ha51d) l?@dtl 1a$$ aﬂ cﬁ@,dPCeHsl 136.77 [d,
PCesHs); ES1 MS(-) m/z 397, expected isotopic distribution. IR (KBr) 2890, 2810,

1482, 1365, 1295, 1170, 915 cm™. Anal. Calcd for C43HgsB14P: C, 70.28; H, 9.33.
Found: C, 70.30; H, 9.30.

[0105] [Cs™|[1-H-CB4:EtyMe,]: [Cs'][1-H-CB14EtgH2] was combined with CaH, and
sulfolane in a round bottom flask (100 mL) equipped with a stir bar. MeOTf was
added using a syringe pump over 4 d and the contents were stirred at room
temperature. After 4 days, the mixture was diluted with CH,Cl, and filtered through a
coarse frit. The filtrate was quenched with 27% NH,OH and the CH.CI, was
removed using a rotary evaporator. By addition of water a bi-layer was formed and
the aqueous solution was extracted with EtOEt and countercurrent extracted with
20% aqueous CsCl. The organic layers were collected and concentration under



the catalyst in nearly quantitative yield. Their 1H
and 13C NMR spectra were obtained and conpared to
woOhow®ié70! i terature. [0108] Ceneral Procedur erapiseedd030470
to polynerization of 1-hexeXle: A 10% solution of the
Li+ salt in 1,2-dichloroethane (or cycl ohexane)
containing the stated percentage of an initiator by
reducegeprgissuiclgage adiickod of theoprpdhekamd sulfrlanée Thersadfokrnieomas

removiE 3§01 G0y 1B & HIGRIG e Soiss HhAn e pde sppduct

recrystERIZeHlN WwRASPa¥dtbhe 21gyrex filter. After 10 h, nost of
Y the solvent was ev pg?/at ed, a snmall sanple for SEC

anal ysis in THF removed, methanol (~5 nL) was added,
[0106]an & s 1saltpvearesionyeded oLy raatts @ Followst 7thengs+ wall was dissolved

T R R RN p—
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.analyzed by 1H, 13C NVR and SEC. Radi cal . )
combingyf 9?%%@5%‘%%@? remRYae Hadesiasdyiced presause to gjve1eplid that

was d Bﬁéﬁ@ﬂ‘aﬂ@op%f@déﬁd ﬂ{]‘ieggﬁ‘ i 2 catalyzed

pol ymerization o exene: 'To a 1, 2-dichl oroet hane

(5nL) solution of 1-hexene (420 ng), LiCB-nMei 2 (42
Radicalgyolymerizatiah afipolymerpreacursorsye.g., derminal alkenesysing
variousdnipsadtsur e under ambi ent conditions. After 18 h, the

pol y- 1- hexene was precipitated by addition of 5 nL of
[0107]mretCGerevil probed et Vifitrerwaslet alrtietdark anabeh waﬁrnaﬂimi:bg, 8r with
. vacuum overni ght. Evaporatiqnpn of the filtrate, vielde
triple TR ZgPUSTPHOITCRBRSIDS. 75 SRRGNad A HON Solitin ekldt sat of
the moHam¥8rn SIP?-‘aﬁdHé'iBr@Etr%nQ_cﬁo\‘l@EinBrtﬁg %ieﬁg? lﬂ)%'réc"j&'\té of an initiator

me T nal "hydr ox en

t hods descri bed herein. e"term
by weighb(ipse vwas addaats the exdnaftesi(i.¢.c palymartprecursor)(1 atm for

saseolt FEHBARGF ) 1 ROGUEAEIR TnEhRondBERY S Miicsatroom
tempe RGN air d?wwﬁ\?t%glbg;, driieafs ERASECE ATRP ihitifition) for the

ol ecul ar wei g | B usi ng Li HXCB11Et9Me2 as the
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. . Lo : o
Rayongf SO ERS I et G AR fiklin Bhbssrt Gy tamp
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anlin o BT i o i B b
polymé&S@8Bel £70 Wg) was filtered and dried. Evaporation of the filtrate afforded
the catalyst in nearly quantitative yield. Their "H and "*C NMR spectra were

obtained and compared to those in literature.

[0108] General Procedure applied to polymerization of 1-hexene: A 10% solution
of the Li* salt in 1,2-dichloroethane (or cyclohexane) containing the stated
percentage of an initiator by weight (10%) was added to 1-hexene and the irradiation
was done at room temperature in a Rayonet merry-go-round apparatus using a 450
W medium—pressure mercury lamp with a Pyrex filter. After 10 h, most of the solvent
was evaporated, a small sample for SEC analysis in THF removed, methanol (~5
mL) was added, and the precipitated polymer (230 - 470 mg) was filtered and dried.
Evaporation of the filtrate afforded the catalyst in nearly quantitative yield.



filtration. It was dried at 200 m I li Torr overnight.
The catal yst (488 ng) was recovered by evaporation of
woOheo7ioiétnat e. Procedure for the preparati on oPChiug006/030470
nol ecul ar wei ght PE usi ng L3HXCBnEt SMe2 as the
catal yst: [0111] To a saturated degassed sol ution of
ethylene (2.5 g) in cyclohexane (25 nLL
Polyhaxeng GBEp4Eddivm varisusd) seits veas anayzed by dro ACadMR asd

scc ok SRR R AL TG 1" °

addi tion of 50 rrL of methanol. The polyner ( 1.9 g,

[0109]75%em6§eﬁtaﬁwprwédbpe forILﬁ(BBhMmg chtalym pmtrlyménaano?ﬁ)@f 1-
m Ll i Torr overni ht

hexenged i & ighloreat ao%;é@mﬁ St 6% O%ﬂé‘qxsng?ﬂ@%) LICB+1Me+z

(2 mRES468, B hOSoRGRRDNE S oy IBHBE 3P ™
ambiestanditices. dsftersEel, 1$|elpdly-drh@{enpnmg/pmwli(amcsbg)addmon of 5
o SR TS o Ebbee ST B ek e e
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pol ypol ypropyl éne was preci pi tatedby addition of 50
represgntatige Kld}lugapectm ob &l pakwney pr:epavecbusmgq@e wethods
cescrSERFRC TRE bbb eyishe i B e Bhf e bhrbsimen

with trieiRIPGdESyIaso@fanble Bthet spéetra Rees oBtalred but dreenot shown here
preparation of_ high nolecul ar wei ght pol yhexene using

(data areHprorided mbonep as the catal yst: [0113] To a degassed
cycl ohexane (5 m sol ution of 1-hexene (420 ny),

Procetlu r§ oﬁ dﬂ?lghf}ﬂgle@mir\%@l{t ME qihge (0. 06

ntents were heated to 80 OC.

I[-Ol:i';( CE; d| {Nﬁ% ?IS?te?oaeﬁia 8& %éﬁﬁi%n\gﬁ%% eﬁ%g{e 35”0% gbjclohexane (50

mL), Lﬂ@)@@BWE%M@&(@‘@ahgﬂaM di-t-butydperxidd (0. B\Iml_)d/ﬂereobdﬁemm the
I1i Torr over nig cat a

contentgm@m@atqpytotm @Vaﬁ;@ra@.lbﬁh@poiméown%%as[mmtated by
addltiﬁé cat rﬁ@l?traﬂ YPI}@E @ﬁéfr(gxﬁ 978%2%3%%96%

oroet hane m.) sol uti
filtraticof. I1vdas>d!|mi 420D mili Tor ioBARNAgI{ts dTheccatalyst@t88 mg) was

recovered by evaporation of the filtrate.

Procedure for the preparation of high molecular weight PE using
LiHxCB4EtgMe; as the catalyst:
[0111] To a saturated degassed solution of ethylene (2.5 g) in cyclohexane (25

mL), LiHXCB14EtsMe; (25 mg) and di-t-butyl peroxide (0.3 mL) were added and the
contents were heated to 80 °C. After 19 h, the polyethylene was precipitated by
addition of 50 mL of methanol. The polymer (1.9 g, 75%) was recovered by filtration.
It was dried at 200 milliTorr overnight. The catalyst (240 mg) was recovered by the

evaporation of the filtrate.

Procedure for the preparation of high molecular weight PP using
LiHxCB1EtgMe; as the catalyst:
[0112] To a saturated degassed solution of propylene (2.5 g) in cyclohexane (25

mL), LiHxCB1,EtgMe; (25 mg) and di-t-butyl peroxide (0.3 mL) were added and the
contents were heated to 80 °C. After 15 h, the polypolypropylene was precipitated



42 ng) was added and the contents were stirred at room

tenperature in air under anbient conditions. After 42
wo200me1pobyner was obtai ned. [01 15] To a degaBe&@S2006/030470

1, 2-di chl oroet hane (5 nlL) s@l ution of 1-hexene (420

ng), LiBARF (solvent free, 42 ng) and AIBN (10 ng) was

added and the contents were stirred at room

by additiemef 50 otleof methanoboThe pedyne (18, WR%) wasdesevered by

a1t s g SARRAET I Buc T RERBENBs o

recoveddd y)tharyagordtiobwsfthe fitragei de (0. 06 nl) was added and
the contents were heated to 80 0C. After 50 h, no
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LiHxCH} g@gmflggcfk%n@“gﬁda'@)m}vl Py lﬁ&ge 0'"@8 o) d@é{%&ge%?d the
contervte M%radféetiecath@ Pe. ¢dterdBtis the pelyheﬁélw\nia@ @ecipitated by
After 18 the volatiles were renoved and the crude

additiqrpfol @%Ofrﬁ"ﬁth?tnéi wale pPENg]i (B4P 800, B alWas respvsred Yy
flltratldﬂ- l‘?(/va%%r'&‘f‘é’t' 200 ﬁ’l'llﬁé BRL %lﬁnq)he aelﬁ/g?%}ee@gp%/aangcovered

'et extraction Wlt pet rol eum et
by thepmdapwratgdn afdbe diltgtewas renpved with acet one
extraction. The residual copolyner (0.72 g, 229% was

10114 Kl bred BrdbeiatiRy ot BRGMEXERR using HBRARR 75 the fatalyst:
Toa 18@@tc¢mﬁoéma"n@qslrﬁn) séilgen ef $-hehens (ade n@qlmw {Solfent free,

the c nmer s, showi ng the presence of
42 mghmwf rd the mtentswvejgrsélrwdsaid@@mﬂe@neaatm inp@ir upder

S R S

for copolyners of 1B and EA. Figure 6 shows 1H NMR and
[0115]L 30 d\vRlegpesead 4,2 dichbopethgne (5 ndf) sloEBJtim‘obf\MbexmagM mg),

LiBARF O ERENBITBE i o)A AT LIE(E) Sasciidad BB Sisiznts were

stlrred%'rﬁgni—ﬂeﬁ%%fhré Mt%r%th""nb ol rﬁ@r@:a‘é%%ﬁé@d degassed
so ution of isobutylene . % , 2- di chl or oet hane

(50 m.), LiCBllMe-12 (490 ng) , ethyl acrylate (freshly
[0116hi sTcr aw@@asge@g%)rd@hlpr@ethang@ L)l diandef 1-bexeng {420 mg)

LlBAR)ge s%l\/%%gﬁ% aﬁ-‘%rﬁg{}eﬂn |Ies r B%dg té%dm 8w§% ée%greal nd the

conterete warg ieated 4 80 éCwatsfter 50 h, no polymer was obtained.

[0117] Procedure for the preparation of PIB-co-PVAc using LiCB1Me; as the
catalyst: To a saturated degassed solution of isobutylene (4.8 g) in 1,2-
dichloroethane (50 mL), LiCB11Me12 (480 mg), vinyl acetate (freshly distilled, 7.4 g)
and di-f-butyl peroxide (0.5 mL) were added and the contents were heated to 80 °C.
After 18 h, the volatiles were removed and the crude copolymer mixture was
precipitated by addition of 50 mL of methanol. Poly(isobutylene) was removed by
soxhlet extraction with petroleum ether for 12 h and poly(vinyl acetate) was removed
with acetone extraction. The residual copolymer (0.72 g, 22%) was dried at 200
milliTorr overnight. The catalyst (472 mg) was recovered by evaporation of the
filtrate of acetone extraction. Figure 3 shows the GPC results for the copolymers,



precipitated by addition of 50 nL of nethanol.
Pol y(i sobutyl ene) was renpoved by extraction with
woesamecmnd pol y(et hyl acrylate) was renoved byCaamskmee30470
extraction. The residual copolyner (0.65 g, 179 was
dried at 200 mlliTorr overnight. The catalyst (485
ng) was recovered by evaporation of the filtrate of
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extracm with exara aadalvethy aerylatepwes remored byracejigre extraction.
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homopdlyrhE® #haliyst: To a degassed solution of vinyl
tr| met hyl si l ane (420 rTg) in 1,2-dichl oroethane (5

3:% Li CB11Mel 2 (42 Vi nyI acetate (freshly
[0119]di &rpcedure mh@rwa prf fexengicaBVAGusing éﬁﬁmﬂl&z as
tho cof0H€7 8 ABRARH R o Toe i TazbFind) i 12 QA v (s
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paration o - et
methanol The copolymer (0.820 g, 88%) was dried at 200 milliTorr overnight. The

catalyst (35 mg) was recovered by evaporation of the filtrate.

[0120] Procedure for the preparation of hexene-co-meth using LiCBy1Me > as
the catalyst: To a degassed solution of 1-hexene (420 mg) in 1,2-dichloroethane (5
mL), LiCB11Me12 (42 mg), methyl methacrylate (freshly distilled, 500 mg) and AIBN
(10 mg) were added and the contents were stirred at RT. After 18 h, the volatiles
were removed and the crude copolymer mixture was precipitated by addition of 10
mL of methanol. The copolymer (0.890 g, 90%) was dried at 200 milliTorr overnight.
The catalyst (38 mg) was recovered by evaporation of the filtrate.



Li CB11Mel 2 as the catalyst: To a degassed sol ution of

vinyl trinmethylsilane (420 ng) in 1, 2-dichl oroet hane
wO300mo)i6700i CBi 1Mel1l2 (42 ny), nethyl nethacryl aC€US2006/030470

(freshly distilled, 410 ng)4tand AIBN (10 ng) were

added and the contents were stirred at RIT. ﬁ#ter 18 h,

the volatiles were renoved and the crude co
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described in the literature Johnson et al. 19
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representati ve 1H NVR spectrum of a pol yner



prepared using the methods descri bed herein. O her
spectra were obtai ned but are not shown here. [00103]
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perforrgee o $ODENt Pechralogies 21 8'(6%1/5‘3 %)pmmevem ph:a&mckdumns

e vl Gogaion’ 8 Wi ELEPieter NG e binaTRERRE (150 um,

with ddteBliéBy ritodarfifs @Qetﬁbhbﬁcﬁgolﬁ%n)hﬁ mgthafblvaRl (1: 1). All the
tenperature. The resulting solution was cannul ated

monomeatsoveresdgdassed yftheeiepyeppmpeihapcisles;ang gtoregtiroBchlenk
tubes f 0l uene at -20 O0C and then kept either at room

[00102] Figure 11 shows a representative "H NMR spectrum of a polymer
prepared using the methods described herein. Other spectra were obtained but are

not shown here.

[00103] Gel Permeation Chromatography (GPC): Molecular weights and
polydispersities of the polymers were determined in THF solutions by GPC at
ambient temperature and calibrated against Waters polystyrene standards. A
Waters Gel Permeation Chromatograph, differential refractometer, refractive index
detector (Rl 2414), and EMPOWER software were used, with a three-column bed
(Styragel HR 4.6 x 300 mm columns with 5 ym bead size, for molecular weight
ranges 100-10 000, 500-30 000, and 5000-6 000 000) and a flow rate of 0.3 mL/min.
The results were the same for the crude polymers and those precipitated from

methanol.



tenperature or at reflux at 50 OC. About 15-72 h

| ater, reaction was quenched by the addition of water.
woher70é6Ment was evaporated and [n] 2 was extr aeCEAS2W6030470

di ethyl ether (3 x 20 nL) f43l | owed by extraction with

20% aqueous CsCl (3 15 nlL). After evaporation of the

solvent, the resulting solid was purified by reverse

[0010ﬂhasl§anﬁQﬁmf AIBNRacamppsitiarsiThg disappaaraace of AIBN (o 015

M) in %@ﬁlﬁ ﬁﬁhaﬁﬁgn&%ﬁr@ ﬁ%&ﬂ%ﬁ%ﬂ%ﬁb&é O{pzflv\ﬁf(l%etlcs? gf: room

tempemtarw(mmn THe & Heie ¢onstants k2 WESCTvbrRd < MO005 for 0 M
(3& kar anam 200 e Yields of Products \ri \2 in
e

B 03] B 80 (15 0. 801 or GHARCHE Ll 237 0.6 or

0023 [ shelfei 5 9T7 orfyog BV o Ehrs ey Maxinyn
deviationg 5 thrée Itddpe2@ienOkiRBtO @S, 0.33 2 8 R T 0.042, 64 5
~0.100,°0.18 0.25, 0.40 0.067, 0.45 2 0 R T 0.053, 58 6

100108] 7 3Gengral,syithatic prpseguics; CoraBraignon gy salls,

Procedl@fd PA71A megmr@trw it iRid G20 RES RVBicthy |‘é$rre|((E3/ x”]l 6 }nL and
Procedure P At -78 0OC under ar

the ethiergaldgyet wassxmcwmﬁhiﬁ'e tiroesiwile 20% agueaue m and HﬁeBqu
soluic it Wi B el LIRS0 BBl oBREcThi e S fmovec

under eeduugdairedsuratto givesalsolid ¢mtatatifiédoyemight 2t 3000L unter
THF or toluene at -20 OC and then kept at room

reducqGpisSeHiQire. After 6-18 h, the reacti on was quenched
by the addition of water. The sol vent was evaporated

d t
(001061 PRAyRGBEHTS PRICEMERF Y CHACHCHNCIBIRI{Ssf (2,
Procegiare.rf’)z (Tabteet). ephiptd &€ ivoneofirgame 4sar & €heq) ini® mL THF or

toluent {745 o @ 30, ¥ 0 R () 67 Yl BT 2 PRLARRY e

for 15 ﬁﬁﬁ%t ffﬁth@ﬂﬁ?bratﬁ@%m %sul(ﬁ%céblgﬁkﬁﬁ aBiga@nlafedir®d a solution
r

3N and eparation of Cs+

of CHﬁ%QHe])rﬂBr (ﬂr%@@)duﬂ[éﬂfsm totaeneat)20 K¢ apd disn kenlztn%nher at room
ompofiBi by Rt a0 65 AR o1 ISP UEEG AT by
additidnhef watenl ThegoliehMivas@vabbrated and [BI8 wasextracted into diethyl
ether (3 x 20 mL) followed by extraction with 20% aqueous CsClI (3 x 15'mL). After
evaporation of the solvent, the resulting solid was purified by reverse phase column
chromatography using a buffered water/methanol eluent (50% methanol, 50% water,
each containing 0.7 % of EtsN and 1 % AcOH). The preparation of compounds 4
and 5 is described in Vyakaranam 2006.



cannul ated to a stirred solution of Cs+ [n]7 ( 1 eq)

in benzene at 50 0OC. The reaction was quenched after
wo3o0orinedt h 100 nL 25% CsCl (aq) and THF was PCT/US2006/030470

evapor at ed under reduced prddssure. The crude product

was extracted fromthe resulting aqueous m xture wth

3 x 100 nL of EtOEt and concentrated under reduced

pressure. It was purified by chronatography and

further recrystallized fromacetone ( 100 nL) and

Table ¥2YAG1ds>3F Blddi Qs $hiLird Bbhef MiYdefyps ¥3 2l S Tabl e 5.

n #4- BuLi Br- ¢@d) n- Br THgeOH{CHg),o-Bmol niTimend g, [n]2

Fredmbl 9. W3 Ambb0, gOnitfol0. 45, 0.68 0. 140, 0°88 6909l
15,75 4 0.500. 0.90°1.50. 2.25 0.500. 2.25 9.5 0.410,

0 4 L1600 PN g PlRD 920, 2 25085 D10 e o

0.060,0.03 18.20,2629 0. 40045, 0183 0. 40 18 0 @86, R TablG#2, 64

?jhd{/j ﬁ %P%[ﬁré)og ctw é)ﬁp General’ o %ﬁedu ’ P402§53 58

@@3‘0 020§500|&?Qﬂ20930403%®42% 0.60 0.45, 33. 000 28@ 1030, 65
96 100, 0.17 0.13, 0.85 0.078, 9 1 6 0.100, O.

@. 11% %2900035)1155387071(!5 R0 0.64 0.48, 18 20RT, 33@ 098 77
98 [00109] Preparation of Cs+ [n]2 Using Al kenyl
Tosyl at es Procedure P5 (Table 7). At -78 0OC under

too107}; oPtaparptinn Srenf By Baf), PEcsdinedas crable 5).

At -78 ECZJI‘R)(@( a@?@h oA bF 5 eflefPih §0nil THRoritOReNE SRS 8htRH Syith £-BuLi

he resulfing solutioh was cannul ated into a solution
(1.6 M@fohﬂm:tam(anr@)e Arosqf ang saq¢d ifor THminat that dempeeature20The

resultifgifiop N, Efthydhe GHE R EMRALE i dh ava gpr o

toluene at -20 °C and then kept at room temperature. After 6-18 h, the reaction was

~N o O AW

quenched by the addition of water. The solvent was evaporated and the pro&uct
was extracted into diethyl ether (3 x 20 mL) followed by extraction with 20% aqueous
CsCl (3 x 15 mL). After evaporation of the solvent, the resulting solid was purified by
reverse phase column chromatography using buffered water/methanol eluent (50%
methanol, 50% water, each containing 0.7 % of Et;N and 1 % AcOH).

[00108] Preparation of Cs” [n]2 from [n]7, Procedure P4 (Table 6). At 0 °C,
1.6 M n-Buli (23.2 mL, 37.2 mmol) was added dropwise to TMP (6.31 mL, 37.2
mmol) in 20 mL benzene. After 5 min, the resulting LiTMP solution (5.0 eq) was
cannulated to a stirred solution of Cs”™ [n]7 (1 eq) in benzene at 50 °C. The reaction
was quenched after 45 min with 100 mL 25% CsCl (aq) and THF was evaporated
under reduced pressure. The crude product was extracted from the resulting
aqueous mixture with 3 x 100 mL of EtOEt and concentrated under reduced
pressure. It was purified by chromatography and further recrystallized from acetone
(100 mL) and water (30 mL) to give [n]7 as white crystals.



wat er. The sol vent was evaporated and [n] 2 was

extracted into diethyl ether (3 20 nlL) followed by
wexbto7aaéioon with 20% aqueous CsCl (3 15 nlL). APCEMUS2006/030470

evaporation of the solvent,4sthe resulting solid was

purified by recrystallization usi ng MeOH water ( 1

: 9|% Table 7. Yields of Products [ in General
Table c\é’@lﬂ%obﬁ’r?ﬁﬁqiéﬁcﬂnlm%er%?m‘ﬂ'ﬁt|Q)n of Li+
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S8 Fod 0 Do TRY THETROG: The 9 vent ved 200 85
AP €d,0.25 00| Ll @.40r GPC agal ysis i 10.0865 79

renoved, nethanol (~5 nl) was added, and the
preci pitated polynmer was filtered and dried. The

I itril
able B¢ VRIS af Efodfiesé tnfp il obere PRI e 00 & Lty
ginmlar to[niwse of the ndibvers, but vinylic[n]2

resonances giefigoRbsent . [ @)himbl Pol ymers fromggdhid

lg +sal ts igpay, Iro 4§pectra 0k, shew) . [5]2: 18, Nm?96300
M) d 2.74 - 0 (m, -0.60 - 0.20 (m BCHR)

(4r) 13C IQWQQD@DM—E) d 84588,0032. 51 , 27. 59 23403,9§o
.26 (B- - 11B(1H) ( I\/Hz)d012 q -
. 20; IR pﬁl et) 560 3@%5 730, 764, 89 ?1,

900, 10260 11@1;3411&103 11824, 0ZRB, 1268, 128D, 0753(82

1379, 1408 1147 1631 , 2338 357, 2827, 289 24

ot \ [ 6] 239 08R (300 M % 0. 88 (%?30 é

- 0.55 (m BCH3) , 3.32 (n) 13c NI\/R (100 MHz) d 53.01
35.20, 33.22, 32.91 , 27.80, -3.66 (B-CH3) ; 11B(1HJ

oorofl 55adt ol it LTS PHRARI P

Table13)88At 17g6C u%l%@a'(%ﬁﬂl or@?ﬂe i&GSD m?LSIZHF 286ltiend 9 treated
crr . 1H N

it 15 a1 o o) £ S St st
tempe.gét_ugg.’ ng ggultn?g LoRifion %?asséanrﬁjléteaﬁnto@sglmloﬁgf 50,

CH,=CH(CH,),0Tos (2.5 eq) in THF or toluene at -20 °C and then kept at room

temperature. About 10-15 h later, the reaction was quenched by the addition of

~N O O K

water. The solvent was evaporated and [n]2 was extracted into diethyl ether (3 x 20
mL) followed by extraction with 20% aqueous CsCl (3 x 15 mL). After evaporation of
the solvent, the resulting solid was purified by recrystallization using MeOH/water
(1:9).



2.99 (B-CH 3) ; 11B(1HJ NWR (96 MHz) d 0.23, -8.80, -
11.25; IR (KBr pellet) 562, 638, 644, 785, 834, 877,
woO277/016M0, 1122, 1295, 1377, 1458, 1480, 1627pCRB42006/030470
2533, 2827, 2859, 2930 cm M6[ 00113] Pol yners from
benzene solutions of Li+salts in air (Spectra not

shod) q[yd]z 1H NVR (300 MHz) d 2.90 - 1.05 (m,

Tablsd. Yiqids of Rraductsinld) in Gegergh f@ﬁfdw&g’é NVR (100 M) d
no3] &5, 33. 24] +Bdi 09, [A8H,90H-(€H,)I0Td3- CHTiRe {1 [AdB IH
NVRy,(900lVHZ) | @LOndh&l, | Gmidbl - 10. 15; T R| GKBr [gekl €t)
35340.0685,136960.28 D20 871070, @8®, 1004, 10%6, 18960, 95466,
41487.05080%, [16220.22550.0525033 2872, 28972 29204tmwp1l | .
5[ 6] 2100181 1BIVR 0.39@.40Hz)0.10830.85 - 0. 95 (Imi5 - 00.068,9880,49
6(m O.Me08)18, 30.3% 0(4%) ;| O1BIE, MR (100 MHz) 9d 5] 0.08% 89 "
738] 8850,99980] 0.4% 029, [207062. ©23 - 3. 10 (B- CBR) 10948E1
NVR (96 MHz) d 0.10, - 8.10, -10.25; IR (KBr peIIet)

754, 923, 1275, 1344, 1409, 1678, 2839, 2950 cnf 1.

712 1H NMR (300 MHz) d 3,22 - 1.05 (m, -0.05 - 0.50
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solutiohRf(KBLI it ¢ftthe Gfhom@S3in bémzend Q085 nl04dntdiAing.thd %?aTted
1367, 1404, 1487, 1707, 2541 2808, 2890 cm 1. [001

percentage phpp Arifiator by waight wag alowed krsipadatupem tamperature for the

specifigBRRid iR difine DA radiBlehi yAS B A 100 Eeflae O

RayonbHrery-68r@4d 8@8paratus3zsitg a 4501\V\0BediBn4Pessike 5r2er(:BFyGBlmp
B(1H) NVR (96 Mz) d 0.12, - 9.1 1, -10.50;
W'thaﬂtﬁé}x Wet) 754, 824, 845, 1155, 1240, 1390, 1603,
2588, 2844, 2960 cm 1. [6]2: in benzene with AIBN. 1H

[00111YVR iBePoMHe)solveht %s-e\ihpb%téﬂ) a sn%l?é'ampl@ f5pGP® analysis in
; 13C NVR (100 WMHz) d 63.

THF reemom%ml ngethesol (-5, 18k) was @Ued and g”m mﬁkﬁ}d POWWW@B

ftered P bS5 SO pe rgolbia n Tigs bonsshe, Aoyt gha

acetoanUDnelQG@hnd 1?G'J%B\/lRnépbc:tra[vVe}ré vehisiMRr (8 ®odd39) the rorémers,
(m, -0.40 - 0.16 (m BCH3) ; 13C NMR (100 M)
but V'“d“?iesy@anssswfegbse% 34.10, 33.92, 3 1.09, 28.32,
27.41 , -2.55 (B-CH3) : 11B(1HJ NMR (96 MHz) d 0. 19,

[00112}8 1I50I%m§'é?s om ham’( ﬁ&al&thﬁﬂ%§p%§grg4r€bﬁ%gg%} [5]@7’%4 NMR
(300 M) 1L B]74PoD Qﬁéﬁé 0:60n 0i20 @ay BSHs), Bait kmk (DrNMR (100 MHz)
5 52.80; 32 84°5% 35055 3" 86 B-&15)PHBY'H) NMR (96 MHz) 5 0.12, -8.23, -
10.20; IR (KBr pellet) 566, 668, 730, 764, 832, 871, 900, 1026, 1084, 1103, 1142,
1253, 1268, 1287, 1302, 1379, 1408, 1147, 1631, 2338, 2357, 2827, 2890, 2924 cm’
' [612: "H NMR (300 MHz) 5 2.90 - 0.88 (m), -0.16 - 0.55 (m, BCHa), 3.32 (m); °C
NMR (100 MHz) 8 53.01, 35.20, 33.22, 32.91, 27.80, -3.66 (B-CHs); "'B{'H} NMR
(96 MHz) 5 0.15, -8.34, -10.39. IR (KBr pellet) 595, 704, 742, 915, 1035, 1149,
1257, 1312, 1377, 1388, 1426, 1480, 1502, 1632, 2360, 2827, 2897, 2924 cm™.
[7]12: 'H NMR (300 MHz) 8 3.15 - 0.92 (m), -0.18 - 0.49 (m, BCHs), 3.46 (m); °C
NMR (100 MHz) & 55.05, 53.09, 51.24, 32.84, 31.25, 28.77, 27.50, 25.39, 22.24, -
2.99 (B-CH3); "'B{'H} NMR (96 MHz) & 0.23, -8.80, -11.25; IR (KBr pellet) 562, 638,
644, 785, 834, 877, 937, 1040, 1122, 1295, 1377, 1458, 1480, 1627, 2349, 2533,
2827, 2859, 2930 cm™.




(characterization spectra not shown). [5]2: 1H NWR
(300 MHz) d 3.27-1 .60 (m, - 0.55 - 0.28 (m B-CH3) ;
we2W7MWRo() 100 MHz) d 60. 09, 55.65, 52.34, 45. 087/US2006/030470
38.22, 24.22, 18.39, -3.084B-CH 3) ; 11B(1HJ NMR (96
MHz) d 0.18, -8.80, -10.22; IR (KBr pellet) 492, 5083,
557, 660, 725, 883, 910, 1013 1051 , 1089, 1382,
[00113]464Polypegs fromnbenzaversolatisgs oblgisaliszin4ir (Spectranst shown).

1512: AR SO eidfle Bodor o Beap Th15at J8EHR, S35 (i

NMR @@OMHzﬁZi 5:@25233 a& 2829953 9934351 ((_B=(C1H13)$)“B{ EHFMMRF(QG
MH2) § 011536, 44 519 150K (Keirslieiind, 6856061818, 6711 88, 1004, 1056,

1390, ﬁémq 3;87?43?22 223;%?428%1 %sﬁf%%e?Zgé%%%mﬂ %ﬁl 2H NMR
(300 MHOHB}. qs ABG5NIVER, {0100 - DS (rd, BCHs)) B, 44 {nB3! csrswm)moo MHz)
5 51.08 KRR, 550 0 26,145 -2 38 BECHsR o BEHT NS @E e éfwo :

8.10, 9825: TﬁgKB%éue%l?@@ 921§-3|82751?@§4 1’1«5:’(797 16¥894839.68350 cm™
501 827, 2903 35 cm 1. O her

[712: b NMIB (3@ M7 ﬁea{aaﬁh@at(@ @ omb d'B@HBbB ﬁ(mhé‘*c

NMR B IPE) 2030 RA0eD: 20 470ehPObP2r bR A o7 SPLRRer )

Myt H;mm/lmge MR ED 0B Mes S5heqt, @ﬁ IRO(NEfﬂdllét) 6%8, 231861, 1008,
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experinment in THF sol vent, even w thout a radical
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H Nl\/ﬁ’i t rosc g ?@g ngéroﬁﬁgtegﬁ{v\e%f@eﬁg o%ct edH-(|J 2) 0
72.34 1% 619-[353388@!4 10%3\98[\!31 09, 28.32, 27.41, -2.55 (B- CH3) B{ H} NMR

(96 MHz) 8 0.19, -8.15, -10.56; IR (KBr pellet) 519, 559, 621, 677, 718, 754, 812,
837, 1114, 1249, 2604, 2952 cm™.

[00115]  Polymers from Li" salts irradiated in 1,2-dichloroethane with (-BuO);
(characterization spectra not shown). [5]2: "H NMR (300 MHz) & 3.27-1.60 (m), -
0.55 - 0.28 (m, B-CHs); *C NMR (100 MHz) & 60.09, 55.65, 52.34, 45.09, 38.22,
24.22, 18.39, -3.08 (B-CHs); "'B{'H} NMR (96 MHz) & 0.18, -8.80, -10.22; IR (KBr
pellet) 492, 503, 557, 660, 725, 883, 910, 1013, 1051, 1089, 1382, 1464, 1600,
2506, 2577, 2859, 2914, 2941 cm™. [6]2: "H NMR (300 MHz) & 3.50 - 1.22 (m), -
0.62 - 0.01 (m, B-CHs); *C NMR (100 MHz) & 64.75, 53.20, 50.39, 34.15, 32.10,
28.85, 22.05, -3.85 (B-CHs); "'B{"H} NMR (96 MHz) 5 0.11, -8.70, -10.50; IR (KBr



by wei ght and with 1% CD3CD and 10% Al BN by wei ght at
roomtenperature. Polynmers were obtained after 8 h and
waQodrjotemepectivel y, and characterized by NVR PCT/US2006/030470
spectroscopy. [0124] Nickel48Catal yzed Pol ynmerization
of [n]2. Under an argon atnosphere the nickel catalyst
was di ssol ved i n anhydrous di chl oroet hane (40

peneﬁgﬁaﬁg%,szaqrggd D60, H09%i1143; 13001 38811428} 1627, JHES) 2533,
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THF and filtered was 'r eird
resulting solidwas dried under reduced pressure. The
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polyrnanlwasfonneﬂ HCIl (3 m _). The m xture was extracted
w th hexanes, t he sol vent was renpbved and the

0011757 o %135 SelutiS? ehineiic: 2t obE12 Tn dabaichisoctgne (~15 ml)
was a@ﬂ@@ %ﬁmdﬁéh&n@aﬁ%uﬁ oP12 %r n9f ar fﬂ% cganrﬁ n%&wﬂ% tifred at

the Cs+ salt of [6]2 and an h reac
RT foyfosir gays aNoopo lgoes fomathnmsobmed blyleZIGMR/‘h}@ébtmscopy
group of substituents is dlsclosed herein, it is

[0123!n‘3ﬁr~5ﬂ0@°g fiah e Ngd gb% sgp‘np Tg@:@rbgngtﬁgg waslefl 12

groups,

days atf@hindrthe progressef m@mcﬂﬁﬁhﬁa’sﬁnoﬁﬁ&eﬁll FSHENMR
s t hat cg}g be forned using the substituents

sPeotZREBR NP Rk Lpamatien asvphePryeGoRp et saltiameldhe Li*
L nAthe

salt of [5]2 it fchfe (1 BINEL ARG ol 1RO PIRAHY, WEBHEah o 'L of -

BuOLr(éﬂ\éselmlbee inthexamas)d Ther @interts averethdatéd flediuk@ndeafter 18 h
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spectroscopy. Similar experiments were conducted with 1% CH;OD and 10% AIBN
by weight and with 1% CD3OD and 10% AIBN by weight at room temperature.
Polymers were obtained after 8 h and 10 h, respectively, and characterized by NMR
spectroscopy.

[0124] Nickel-Catalyzed Polymerization of [n]2. Under an argon atmosphere
the nickel catalyst 8 (5 mg) was dissolved in anhydrous dichloroethane (40 mL) and
stirred for 30 min at room temperature. Then the Cs* salt of the monomer [n]2 (100
mg) in dichloroethane (5 mL) was added and stirring was continued. After 18 (n=25)
or two (n = 6) h the reaction was quenched by the addition of water. The organic
layer was separated and the solvent removed under reduced pressure. The residue
was dissolved in THF and filtered. The THF was removed and the resulting solid
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additional, unrecited elements or method steps. As used herein, "consisting of"
excludes any element, step, or ingredient not specified in the claim element. As used
herein, "consisting essentially of" does not exclude materials or steps that do not
materially affect the basic and novel characteristics of the claim. Any recitation
herein of the term “comprising”, particularly in a description of components of a
composition or in a description of elements of a device, is understood to encompass
those compositions and methods consisting essentially of and consisting of the
recited components or elements. The invention illustratively described herein suitably
may be practiced in the absence of any element or elements, limitation or limitations

which is not specifically disclosed herein.
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[0131] Every formulation or combination of components described or exemplified
can be used to practice the invention, unless otherwise stated. Specific names of
molecules are intended to be exemplary, as it is known that one of ordinary skill in
the art can name the same molecules differently. When a molecule is described
herein such that a particular isomer or enantiomer of the molecule is not specified,
for example, in a formula or in a chemical name, that description is intended to
.include each isomer and enantiomer of the molecule described individually or in any

combination. One of ordinary skill in the art will appreciate that methods, device
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[0133] Al references cited herein are hereby incorporated by reference to the

extent that there is no inconsistency with the disclosure of this specification. Some
references provided herein are incorporated by reference herein to provide details
concerning additional starting materials, additional methods of synthesis, additional

methods of analysis, additional anion examples and additional uses of the invention.
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c x nmet hod of any one of clains 1-5,
mafgﬁbgﬁr@?)ﬁg@rplgl??/@&pr ecursor is selected fromthe
group consisting of: CHa=C(R) (CR2) -CR3 di enes,

t %Qinqgljhod of any one of claims 1-3, wherein the solvent is supercritical.

The method of any one of claims 1-3, wherein the polymer precursor is

supercritical.

The method of any one of claims 1-5, wherein the polymer precursor is a

terminal alkene having 2 to 4 carbon atoms.

The method of any one of claims 1-5, wherein the polymer precursor is
selected from the group consisting of: CH,=C(R)(CR,),-CR3 dienes, terminal
alkynes, terminal alkenes, CH,=CH,; MeCH=CH,; Me,C=CH,; EtCH=CH,;
PrCH=CHj; BUuCH=CHy; and Me3SiCH=CH,, where n is an integer and the
R'’s are the same or different and are selected from the group consisting of:
H, alkyl, halogenated alkyl, silylated alkyl, and halogen, including F, CI, Br.

The method of any one of claims 1-7, wherein the lithium carborane catalyst
contains the following anion: (CB4Rw)", where R is hydrogen or an alkyl group
having from 1 to 10 carbon atoms, and the R’s may be the same or different,

where q is an integer from 5 to 11 and m’ is an integer from 5 to16.
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al kynes, term nal al kenes, CH2=CH2; MCH=CHZ;
Me2C=CH2; Et CH=CH2; PrCH=CH2; BuCH=CH2; and
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same or different and are s®l ected fromthe group
consisting of: H, alkyl, halogenated al kyl, silylated
al kyl, and hal ogen, including F, d, Br. 8. The nethod
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a hydrogen or a small al kyl group havi ng from1l to 10
carbon atons, and the R s may be the sane or
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The method of claim 8, wherein the lithium carborane catalyst comprises an
anion selected from the group consisting of: CBy1Me+2; HCB11EtsMez;
CB11HXEth€2n; HCB11M€11-; CB11H5|5'; and CB11H12“.

The method of any one of claims 1-13, wherein the reaction solvent is an

alkane, cycloalkane or mixture thereof having from 1 to 10 carbon atoms.

The method of any one of claims 1-14, wherein the lithium carborane

polymers prepared have a terminal —CH2OH group.

A method of preparing lithium carborane, borane or heteroborane polymers,

comprising:
contacting a lithium carborane, borane or heteroborane polymer precursor
with an initiator and an optional reaction solvent under polymerization

condifions.

?
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14. The nethod of any one of clains 1-13, wherein the
reaction solvent is an al kane, cycl oal kane or m xture

woher/@aé7ohavi ng from 1l to 10 carbon atons. 15. PCinAIS2006/030470

nmet hod of any one of clains71-14, wherein the lithium
car borane pol yners prepared have a termnal -CH 20H
gr oup 16. A nethod of preparing |lithium carborane,
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n 5-7. 2 1. The nethod of any one of clains 16-18,
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the R's may be the same or different, where q is an integer from 5 to 11 and

m’ is an integer from 5-16.

The method of claim 21, wherein the carborane anion is:
RC(BR)g’, where R is hydrogen or a small alkyl group having from 1 to 10
carbon atoms, and the R’s may be the same or different.

The method of claim 21, wherein the carborane anion is: RC(BR)11; where R
is hydrogen or a small alkyl group having from 1 to 10 carbon atoms, and the

R’s may be the same or different.

The method of any one of claims 16-23, wherein the reaction solvent is an

alkane, cycloalkane or mixture thereof having from 1 to 10 carbon atoms.

The method of any one of claims 1-24, wherein the polymerization conditions

are room temperature and atmospheric pressure.
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23. The nethod of claim2 1, wherein the carborane

anion is: RC(BRn "; where Ris hydrogen or a snall
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R's may be the sane or diffS8rent. 24. The nethod of

any one of claims 16-23, wherein the reaction solvent

i_s an al kane, cycl oal kane or m xture thereof having
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A high molecular weight polymer selected from the group consisting of:
poly(isobutylene); polyethylene; polypropylene; polyhexene; and other
polyalkenes or polyalkynes having a weight average molecular weight above
10,000, with a polydispersity between 2 and 3.

A high molecular weight polymer selected from the group consisting of:
poly(isobutylene); polyethylene; polypropylene; polyhexene; and other
polyalkenes or polyalkynes having a weight average molecular weight above
100 000, with a polydispersity between 2 and 3.

The high molecular weight polymer of claim 31 or 32, produced by the method
comprising: contacting a polymer precursor with a lithium carborane catalyst

and an initiator in an optional reaction solvent under polymerizing conditions.
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havi ng a wei ght average mwol ecul ar wei ght above 100
000, with a pol ydispersity between 2 and 3. 33. The
hi gh nol ecul ar wei ght polymer of claim3 1 or 32,
produced by the nethod conprising: contacting a

pol ynmer precursor with a lithium carborane catal yst
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claim3 2, wherein the polyner 1s po ypr
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and an initiator in an optional reaction solvent under
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A low molecular weight polymer having a weight average molecular weight
below 5,000 and a polydispersity between 2 and 3, having an optional
functional group at one or both chain ends.

The low molecular weight polymer of claim 39 or 40, prepared by the method
comprising: contacting a polymer precursor with a lithium carborane catalyst

and an initiator in an optional reaction solvent under polymerizing conditions.

The low molecular weight polymer of claim 39 or 40, wherein the polymer is
polyisobutylene and the terminal group at the chain end is hydroxyl.

The low molecuiar weight polymer of claim 39 or 40, wherein the polymer is
polyethylene and the terminal group at the chain end is hydroxyl.
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pol yet hyl ene and the term nal group at the chain end
i s hydroxyl.44. The | ow nol ecul ar wei ght pol yner of
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the terminal group at the alain end is hydroxyl. 45.

The | ow nol ecul ar wei ght pol ymer of claim 39 or 40,
wherein the polynmer is a term nal al kene having nore
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fTdventou motawtaﬁwegglmtlmlm\epof glain 3PrarcAl, adeseibdheipolyinagy is a

g‘FW‘H@Eg‘T‘ﬁ H'ﬁ'gi}ﬁé @ﬁﬁqe%f%ra@og‘a%ﬁ %skgrﬁg}e {eﬁm{rhal group at

Qﬁ@QhaNﬂ&ﬁﬂgﬂﬁkm@ﬂﬂ| al kenes are selected fromthe
group consisting of: ethylene, propene, 1-butene,
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3 Itowmo@ulaq (y!%’ gﬁﬁgqlﬁ@\er i ‘c@ﬂﬂ r[?r'%d r\/\ﬂ@ré*ﬂ"th@ offthér is

MONONEr'S group o poI precursors

o alsicege @ind thadeoninabgreupradhe leamacbndelsmydaisxyhl kene
or al kynes and one or nore activated al kene or al kyne
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arhglirsacy gonsistinoneftivgl orrmaoreaenactivated tesminad alkenes or alkynes.
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and one or more activated alkene or alkyne that can be polar or non-polar.

The copolymer of claim 49, wherein the activated alkene or alkyne is selected
from the group consisting of: vinyl acetate; ethyl acrylate; methyl
methacrylate, acrylonitrile, maleic anhydride, styrene, 1,3-butadiene, and

isoprene.

A copolymer from two or more monomers formed from the group of polymer
precursors consisting of: one or more unactivated terminal alkenes or alkynes

and one or more alkenyl substituted carborane anions.

The copolymer of claim 47, 49 or 51, wherein one of the polymer precursors is

isobutylene.
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55. The copol yner of claim47, 49 or 5 1, wherein one

of the polyner precursors is a term nal al kene having
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A polymer or copolymer having two or more covalently attached borane,

heterobroane or carborane anions or slats thereof.

The copolymer of claim 58 having the formula:

Term-(?H-CHz))—(—Term
L

I
A

where Term represents a terminal group selected from H, OH, OR (where R is
an alkyl or aryl group) ; A is a carborane, borane or heteroborane anion or
salt thereof; L is a linker between the terminal alkene that is polymerized and

the anion, and x is the number of repeating units in the polymer.

The polymer of claim 58 having the formula:
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63.

nmet hacryl ate. 62. The copolynmer of claim60 or 6 1
wherein x and y i ndependently range from 2- 200. 63.
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conprising two or nobe carbarane anions or salts
t her eof .

Term-((l?H-CHz)y—(Monomer)y—-Term
L

|
A

where Term represents a terminal group selected from H, OH, NH, or NR3,
OR, where R is an alkyl or aryl group; A is a carborane, borane or
heteroborane anion or salt thereof; L is a linker between the terminal alkene
that is polymerized and the anion, Monomer is a repeating unit formed from a
polymerizable monomer and x and y are the number of repeating units in the
copolymer.

The copolymer of claim 60 where Monomer is the repeating unit formed from
a terminal alkene, terminal alkyne, alkenyl acetate, ethyl acetate, or methyl
methacrylate.

The copolymer of claim 60 or 61 wherein x and y independently range from 2-
200.

The polymer or copolymer of any one of claims 59-62 comprising two or moe

carborane anions or salts thereof.



