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PROCESS FOR THE POLYMERI ZATI ON OF CYCLI C ETHERS

FI ELD OF THE | NVENTI ON This invention generally relates to an

I nproved pol ynerization process for 5 cyclic ethers using as wrafhbfiewse a
pol ymer whi ch C‘Bﬂt"?ﬁﬁgﬂa | ar ge anmount of hydrocarbon, and al so
contains sul fonic acid groups which are flll8EEnated in at | east the

al pha and beta positions I(ﬁd\@ﬁm EFHERE

| NVENTI ON Pol‘PR %EeSrSsF%Ir{er HE POLYMERIZAT -comrer ce, being
useful as nonomers in 10 pol yuret T are useful as nol ding

resins and spandex f' b%i%,mveﬂtlon genefllp edlatescts ananptof/cdpamnwzatwreprowE@r One
common net hod of ma ol vet her Hagmﬂg@] aRelggr i zati on
? 9’5’2 SIS pc&ohgn%\ﬁhﬁ hide

of cyclic ethe XI anes
t et r ahydr of ur ans, hednocarbon, jiand RIHQ)WPW fonie F‘%‘H &eoups gﬁ’ﬁg Fﬁ%"&?‘f“} in at

susceptible to SUqéhs{thE'HI pRPSRH Bega pesitivhs.ons such as pol ymeri zation, but

other cyclic 15 ethers typ| caléé UﬁD%ﬁn-I l hR (or ot her type)
of catalysts. CiT type Of Fyst Inclyde strong

Bronsted aci ds, for ex Dolylethers aremmmgng@fgmmerc@rbema&fal&;m@ﬁ%mdel d.
I't is also kngyn %ﬂh&@' lHe&NhBﬁ&@(ﬁseﬁll asmdhdxggfvsmssndﬁpmdu fibeisgim ar e

effective cat aI yst S ese uI fon| aci L@k i ght
conpounds or ??é\‘f"f""ﬁ'fi uegrpnrg hlo m3')/8‘0‘10oer g?ﬁl& ?trg
pol yners; see for the\Sh@opening. posinmxzstwneqfcmhc CﬂEEF Sucblaﬁ pxiFanes (epoxides

\E/nclycl opedi ?I of hl ]'H&%%E& ftralyHeSfufs, )ftgcggl{kkE&gnth‘dodaxxraﬁékla:e Mditularly I 4
erl agsgesel | scha i nhei ;
Encyclgogedl a of Pcﬁ“???ﬁm’l%‘? ¥ é‘“rﬁnﬁae"@ﬁfe?@gps %%ﬁ gg?%y@%fl Q}d Ibu%tg& 3 dhéz

Wl ey & 1Bonsetheretypicalikrequivagrong catgni: (esetherdypr) of eatalysit.ent s 4, 120, 903;

4, t1ﬁ9’56Z? 25 4, 1?"3 7@:fbsuéhté$§oﬁéa'§al élxéﬁx?eﬁﬁ&gmﬁﬁh&&&ﬁ %79xani1kwve$ ver,

with suc per fl uor | r end to
be relatively sl owuming sul 8"3 *’g‘ﬁ Ytgsglsgﬁ& Ivﬁﬂhath%g?flg rsu oni c

acids is that if tdrgarehdifonit aslh@rq#ffectlve catabyistsal Fﬁ?@“ﬂ&ﬂ #rids may bedow) upl e

in the pol yneri Zatﬁleﬁcgmagmcmeoafds@rﬁ.ayaéyﬁoﬂpmymers,pamaslaﬂy separ at ed
fromthe pol yet her produc

THE
| NVENTI ON peril “°““Pf?fj§’°g’m7é§ﬁt’?eofﬂr @Btﬂﬁcgpn?lwrsg?toaé 8ss” t or t hg:
pol ymeri zation of Epayklopedia bfinustrial ChemistrigSth Edi Nohd\ 28 ¥6Bt ed aci d

catal yst, wherein {,Q,ea ggg REFERbHC Wekiihent 3992 pl S83-584; H. Mask, eeald EdL r ong
Bronsted aci d catal yst

nat e | fo
pol ymer, provi ded Epgyelop ‘EI°?H]?S‘PF i g’lﬁ#%&%rng%agggg%{}bp% John vYﬂeﬁe
35 c &rSomis/ NevalYotke 2989, abﬁﬁ§t55@, o1 G§uRatentehi 20.903; f"llg%g&aat ed
sul foni ¢ acid 4158178619, 1851 1 5.5, 018,699 5,1 50pT0C Haweskr 0wk sichi ng pol yer ;

ggﬂ;gl P 3 22; ﬁo nyd " og Qor?xgatergspok) %Jert]g pél?mgt?zra 81{], ratltgsar}te t&ﬂ b BE re%ﬂgﬁ' slow.
One advantage of using such polymeric sulfonic acids is that if the sulfonic acid
containing polymer is insoluble in the polymerization medium, the acid catalyst is
easily separated from the polyether product.
30 SUMMARY OF THE INVENTION
" This invention concerns a process for the polymerization of cyclic ethers
using a strong Bronsted acid catalyst, wherein the improvement comprises, using
as said strong Bronsted acid catalyst a fluorinated sulfonic acid containing
polymer, provided that said fluorinated sulfonic acid containing polymer:
35 contains at least about 0.05 equivalents of fluorinated sulfonic acid
group per kg of said sulfonic acid containing polymer;
contains more hydrogen atoms bound to carbon than fluorine atoms

bound to carbon; and
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wi thin the grouping -CRlerr]Rerr]CRlerr]Rerr] SO err] H wherein
Rlerr], Rerr], Rerr], and Rerr] are each independently fluorine or
perfl uoroal kyl . DETAI LED DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS 5wo 9727238 | n the process described herein, cycFCIUSIHEIY 416
pol ymerized to usually - st a
fluorinated sul fonic acF’%ll n{'&??drsuﬁ%le &B%&n%%da?n?:’; %i%;@mé

pol ymeri zati on ofREREFRIR &&@%ﬂ%{) &onﬁ‘dlﬁ e tash * P‘H’éieﬁ“b' fluorine)
see for instanceyrBerflibdalgl. et al ., U | mann's Encycl opedi a of

I ndustrial Chemi st ré@%ﬂggg\@? ](ﬂ@O’F PERREPISIBODIMEN S mbH, 10
Wi nheim 1992, p. £ yC opec'—a—_oT‘ Pol ymer
Sci ence and Bngi neer|In@1€msﬂéﬁscnb@élhmm“ycj’éﬁwewwl&“%g o weuallyor k,
1989, P. GRERabiily etmsiug.hg':‘as aRatabyit & astthatdd Sulféine suid sorfaiih pB§meand

Br onst ed aci d tng&?’bncﬁ%rYd‘ hoafis bl e Qs hing AR Brbiyelsefpsi1e B[ 0N
present. Such cokmkepiormm@qﬁévﬁmetdléEdEVHF@a‘PFF“@&’I“{?S%P c acids,

ggr Egm 'ygt gcggt@ fg%lgéﬂéﬁnsh?rﬁﬁ%d' mlAﬂechVéﬂag@gaemhaﬁmbH th;as;ahe
resul ting pol@et“& 359#) 5%&%‘?%@ gﬁyﬁngﬁa ?@g:a% rﬁllge i s
present, some  SciencemndiEhgioéeringZnddid,Mdel6, Mm‘gﬂ%§°a$,éq%ﬁ%kl 19885t ers.
'hf dhyf”oxé' ‘2980' 9r6%§%8a£n‘aus Patcﬂs%ierQ;];éMIWS@raﬁdﬁﬁEOﬂeoSubsequentIy
B onet 2 aci o wihBEReAahe oy cihet yropetsd WAk a8 BLoiheR Sbil o Bip R °
preferably | ess pdigmer. I0ften a "co-catalyst” is alsq pmmbr%ﬁbﬂ?ﬁ@talﬂﬁalomﬁ\éﬂ 8KP have a
nunber avera £)Qr adyl Ralide by ofbl
about 5. 000 g§ gypgcgﬂ%%bgfy'hg Q&df’fcarbméyhc ﬁﬂ%ycﬁxd@ Qr Yy 5. Po y

crossli nke nsi dered to
be an infinite nifieaen-catalyss offen beqm ‘El}hr?g?’e ﬂ’é?)l %fthiggfé’@r'ﬂgzos nked by

met hods known t ordshiting pblyethers. Bomhstamebfauu’bwg'llpeﬂd@hb@@dc is P"?S'mt WS onal |y
with coagents. {ﬁf gﬁhﬁg&y&hﬂteg gﬁﬁ?a,g%yuan e@&;tsapﬂlgdr&@l ¢hdPduipd arer

i nsol uble material, et al | and/o ally. Such crosslinking
or at't achﬁ%‘?r\'l_‘"d ?SSW'@MQ? %/ﬁ‘ i’ <Pr(’?r"l’"ié’e&FSAP from the product
pol yether. Sgeh - Asasmm:mwwmmrmmw megns mBronstsd prid whess pkeq y

useful in a contk (23 s 1BQ IR, ip i’e?érhlﬂ?ld%ﬂxﬁﬁsls In the
FSAP descri bed here| n he s Ifonl 9_11 »ﬁ#%
er ein

present are in the gr&} %ﬁﬁ%&%

Rlerr], Rerr], Rbeut2]000anthof, preférably about 5,00 ogagw, q:rr;ggxig o uori ne
or_per {1 uor oal kyI Iix{xfc ns?&egdqf)%@gnirﬁﬁﬁteﬁ{olecﬁlﬁr%@htr ]TheBbl;rhfe}maybe R3,

and R4 are fluori ne

on_at g upi ng nay be
35 to any otXer czgsshinked by erﬁ@ 3 %togy ?‘@?“Hesr &lﬁﬂé‘m@i&
Is preferred t hatophbﬁﬂ? véittecoagentst Alteinatiyelysthe EBAR lw%m#ﬁ%cm tosa solidier ¢ aC| d

groups per kg of ; F{gxﬁr éﬂeycﬁﬂﬂéglly%&o;ﬂl S Shch cRmslinking@®at s per
I;g Skl attEChIetI;eal"lt al ovx?sbeggg} sepérahon oﬂgeo i"éA from%ﬂé"f:r\éaﬁc? %@etﬂgtr §ﬁgh
crosslinked or attached polymer is particularly useful in a continuous
30 polymerization process.

In the FSAP described herein, (at least some of) the sulfonic acid groups
present are in the grouping -CRIR2ZCR3R4SO3H wherein RL, R2, R3, and R4 are
each independently fluorine or perfluoroalkyl. Itis preferred that all of R1, R2,

R3, and R4 are fluorine. The free bond to a carbon atom in this grouping may be

35  to any other atoms such as carbon or {ether) oxygen.
It is preferred that there are about 0.1 equivalents or more of sulfonic acid

groups per kg of FSAP, preferably about 0.5 to about 2.0 equivalents per kg, more
preferably about 0.7 to about 1.5 equivalents per kg.

2



WD 97/ 27238 PCT/ US97/ 00930
In the FSAP there are nore hydrogen atons bound to carbon atons than
fluorine atons bound to carbon atons, and preferably the ratio of such
hydr ogen atons to such fluorine atons is about 3 or nore, nore
preferably about 5 to about 150. It is also preferred thpgriheiobdaéP is
soluble in tet ™7873Buran at 25[err]C. By 5 "soluble" is neant that at
| east a 2 wei ght per cggihe FSARith@@ meanorb hydrogemeatoms bound Tyqarkam atams than | east
about 95 wei ght percent, of . th ' I | he raticcéf sablyBydedgenan when
the FSAP is not Eﬁ?‘ﬂ%&°‘b“?‘€§%§‘?ﬁ‘8‘%§’ %Ebgegérf?ly'trhi .S tﬁljc gg?l{tary to
nmost of the pri oratmmsttorsedheﬂl@ﬁoestomstl%@%b?%‘i'ﬁ,‘evmg‘reé’lrﬁg[?wg aB?)lf ;ﬁg?
shoul d be rel ati ghy ;06 prefefred thaltte FSIAP it butubiSiiteirshydrofigan #1580 BY bound
toalO0 support, the solubili ot ol ki Momhedof the sane
‘conposi tion wAi chsomblee‘si’%eaﬂto até'& %égsétl_al n ee‘ﬁ“@%@&ﬁ %%cgp%u ort.
A preferred FSAP Typicalljyatileastypbout 95 aysighy pereens of IWI"‘@ﬁ%S‘g'r‘b% [err]-olefin
of the for E{g&ﬁgﬁ%ﬁm@haméem,is btersslinkEY er bound © hsupport.aThiy is

car bon

containing 1 to at o | . Wer ivhiE Mul a
H err] C=CH( CH 19 Roghaffhegrief fgﬁ’ﬁ ’ E‘i‘g 8 X, 15
s tluvb il ek pr

per f | uor oal ky] ene, %ﬂfbﬁh g & dofe 3@thGolyaen ofithe samactanmsition méidhy
cont ai ni ng onieoeorsuﬁg?ré’ﬂéf y X is hal ogen, and R err],

her r oups

Rlerr], Rerr], aMaokgrasH %Pébﬁ‘g'dégﬁsﬂé’(?ﬂabove. It is preferred t hat
R6 is a coval ent bond,Ap(dﬁ?ib)dlf-SAﬂ'ieaderOIYZP%WPOUETWOf,etbfle'le(mm&z-
wherein d is 2 toygQ rﬁl\ﬁﬁai{ﬁ:ﬁé@%,%ﬁkﬁfkﬂiHybf&:arKyli&nﬁ‘aiuinyi 1020 crbeher r ed
cononomers 20 ar & et yl ene or ro%ﬁ‘eﬁoe okrIg&:@inglaiak@@quz 1{3§4§@?(,
Anot her preferredatoms’wmt%) T SIS T Cc esTé® or_carboxyl i ¢ acid
whi ch can proys dewhergin s b integer of 2 to20cRS s coxalertibond experfivoreplkyleney | ¢
acid. Another useful . ' hnd Sptidnally contattii e ok indrsethérs 0
preferred that re%"e'léifls %;‘éﬁi%}i %é%g%?g?ﬁog?%ﬁgly:gﬁi;gﬂ&qbow Itis r
are about 0.3 to &WYB%: 58 g erit » Of° epeat_units | %E 25
FSAP. that RSiscicovalent-boad,d(Cyhpe Whersind isZrto38, qfaﬁ%l:?ég) @?@21 bed
herein, in i SoRfRd Bt Rnpilicine] Brefédradizomonomers| ed
"a-A efins and V&gm@liesyﬁtﬁagoegﬁg?sﬁg d Proc 36 T é%f i | ed
January 24, 1806 g etlpieneonpropyl °°’a°°"§é‘ﬁu8?_°ﬁé. ‘%‘QO‘Q’%&@" Whrch
corresponds al SO tom¥kdraiPandefniatstar ok carboxylig @cid yhighpap proyidegayresite,

Anot her preferred L0 %l Rt abylik 668, hastherlsefil airésite gombnamer is a
preexi sting pol ym?r Wt co

) ou of the fornul .
H[ er r ] C=CHCF[ er r | Rjeagy Jtaxpie pIf é&&?ﬂﬁ[’%"r‘?‘]’ﬁ e%j'f Igrﬂ?e]t}&onﬂﬁtggr is a
coval ent bond, fl ¢emessrhatard atioat.3 to about 50 igle@arsent i theirepeabunits iRy car hon
atons and opt i2 nab;szlﬂpont ai ning one or nore 35 ether groups, or alkylene
containing 1 t© 20 Carbon atons and tionall . l.ni.-ng one or
nore ether groups, X i§“PthIF?‘r?§38?P°-?%1?'6Fa"a ‘lﬂeﬁéfies.gﬂ?%c};ne?ééﬂ it acid
derivative, and R @imonlyissighdd copbmting Applivatioz] Mumber gntitleds'ad@iefineendabove. |t

is preferred that giee. polvniaR dnd PRoceUSTRAEfOPPARA Pinupg24| 19960 Applieation nor e
preferably -(CF2)b- y\ﬁergln_ 1S, . filed
3 Serial No. 590,650, which corresponds also to WO 96/23010, also file

30 January 24, 1996.

Another preferred FSAP may be made by free radical grafting of a
preexisting polymer with a compound of the formula
H,C=CHCF,R6CRIR2CR3R4S0,X, RS is a covalent bond, fluorosubstituted
alkylene containing 1 to 20 carbon atoms and optionally containing one or more

35  ether groups, or alkylene containing 1 to 20 carbon atoms and optionally
containing one or more ether groups, X is fluorine or -OH or any other sulfonic
acid derivative, and R}, R2, R3, and R4 are as defined above. It is preferred that
RS is a covalent bond or perfluoroalkylene, more preferably -(CF3)y,- wherein b is
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PCT/ US97/ 00930 2 to 20, or -(CF[err])[err]OCF[err]CF[err]- wherein d
is 2 to 20. The sulfonyl fluoride may t hen be at Iea[st p!artially
hydrol yzed to the sulfonic acid. The branch that is formed usually has

the formula -CHerr]-CHCF[err] Rlerr] CRl err] RRCR3RAS2X. Thi s rafting
process i s dewardrzemsi n copendi ng application nunber entitl BGT’HS”%“”“_

"Gafti f P ] ) 3 '
ner owi t - CL- 1083 20 or {CFDDCHERL ARGy ERPRE The fé‘*‘*“?g?&“égﬁgﬁalﬁ?&' hot be
glr ?ﬁztéhdteﬁorrpof@dbclat least;alﬂéﬂﬁohxﬂ@ﬂeéé@ltherﬁ“lfﬂ’écﬁ?i@smt #de radical s,

: e po fi OTH,] PERIRAS isl |
nol ecul ar wei ghtéfﬂiuéfliuﬁ%}’lgxﬁsthar%nﬂﬁ(l) t *gﬂ%ﬂzngga@ﬂ din lgaKdUﬂad Imr;r whi ch
is originally ¢ g PIRES %scé'l S%“‘o%’gg'% a#g[ag)g. Koml Bé}r'ef'eﬁlg@%ol ynmer to
be grafted i § a“Grifimg ofdolymers with Fusresarben %ﬂd’%@ﬂ-ﬁéﬂ?&@ﬁ%@w a
ﬁ;;ferredbgowgggrreg@hlegFﬁhgi)t' edi lit Is well known in the art which pol yners

a r , S or, .1 nst

Encycl opedi a of P?‘&%‘gr @%ﬁ“ﬁ%“@ﬁ?‘&f"ﬁﬁéi‘p@b&?ﬁ@‘ﬁ%‘y V“SW‘*%?* g'?]oﬁln- W ng &
sons, New Yor k, défdifinerized ipthe p6sBerge 2f framtadivalssalthongtishe pelymerreay by
reference. Sour siftked E)P%P{%Fﬁh&ea'i@molccular Vidiglt d0Ehg eXpdsu 1o the Ereé OF

i nstance J. Brandrup, e ., . POl b

W ey & Sondd NEwichl-ic polgist whichis rigifaly ropikan ey ot B ot & 20

g(r)\(r:]gcl opedi aNgf preteireipolfinerdn be grmited fragiolsther oxa palydlefing and palyethybeniedsy &

00 e 20 W%%t‘ég&@ﬁ?meﬂo bzgfaaz&f»nmm RhowH th &kt 4 Whiblepeihedsigdyuded by

: ee (Pr 'mat nd 10 f 2t hods <Qf maléin .grgfted

pol ymers. ~ befree radiggly ot%§ d“s%eﬂl{e%’fﬁ t’Egt'Ef'ceyasoipg%lor?e of the

sul fonyl hal i de mlyadrScience andtErginenting, Nl &3.JekmWilsy &nSongdNewiYork 1988, been

hydrol yzed BhE Eb‘? 68%%2%&1?&% Breby includSd'by RiréncBCE6lress O Bee raditald aky dr ol yses

may be readily carried out, see for H}Séan e ri A RCY herein

S i By a*mqﬂbbw;we inrpgnapeil DRBSTP. o S B DENT TRl xd |
ai ni ng only Ed., John WildyGin Seus Newd¥ark,ck989. 1. Il todi-65 end HcMatkaet akyBd-ocar byl

and hydrocar byl epe. gr ' inbedi S8Walep

ot her vi se_speci flﬁ%ca?loﬁéliﬂiof Polymer,| {eglﬁé;ﬂaaﬁ@rcprﬁz %ﬁﬁ&, 3§IUP§;U . f&BSOnﬂgJ; |ntes:

di val ent radi cal New¥oskAPBS; P 24547 bofyof whi ha’ﬁ?‘&&%ﬁﬁ“\ﬁﬁf@ﬁ‘%ﬁé&gé part of

a carbocycl i g ri $& Expafiments 9 and 10ifor neethwds pfupaking giaded prlyBerss descri bed

herein one or nore cygl i 5; ' :
Lotrahydr of urans. - oxer GRARERAS s meant that Yot A0S of O GilRGPhalide groups

. , anes, 1, 3, 5-1 .
pol ymeri zed to fbeymay by et the RStymerhave ﬁ“cﬁ@g’%}ﬁ%‘ﬁﬁ%}f’%%ﬂﬁ%%%‘é’%‘éxi de) airg
herein given it ssulfouit! ack¥ gromyisli Sach kydsalyses atap dbe réadibi camiedeut.sge forigptance

containing two . r 0N and ' '
. . Experim ﬁ&-}gﬂﬂ@%ﬁ_ one oxygen atom Oxetane is also
given its comon n%anleng, a urated, four ining 3

t, d ' : [
carbon at ons2aind one Bxy@pssocathyl herein is m ﬁ%mf’g?"ﬁeggfea?‘%%ycé #’%ﬂﬁ&gﬁlﬁlﬁeans a
saturat ed 5 nmenbedrbeh dridydeoged. alt is preferred tiathydrocarbyl anddydvesarhplgnegreursxy gen

atom - di ) ] . .
o s pEAFABAOL 0 G S s, B9ber e 1119w
4 hydrocarbylene group” herein 15 meant a divalen ical containing carbon and
hydrogen which may be part of a carbocyclic ring.
30 In the polymerization process described herein one or more cyclic ethers,
oxiranes, oxetanes, tetrahydrofurans, oxepanes, 1,3-dioxolanes, or 1,3,5-trioxanes
are polymerized to form a polyether. Oxirane (more commonly called epoxide) is
herein given its usual structure, a saturated three membered ring containing two
carbon atoms and one oxygen atom. Oxetane is also given its common meaning, a
35  saturated four membered ring containing 3 carbon atoms and one oxygen atom.
The term tetrahydrofuran means a saturated 5 membered ring containing 4 carbon
atoms and one oxygen atom. The term 1,3-dioxolane means a saturated

5 membered ring which contains two oxygen atoms separated by 1 carbon atom.

4



WD 97/ 27238

PCT/ US97/ 00930 The term 1, 3,5-tri oxane neans a six nmenbered ring

cont ai ning 3 oxygen atons in whi ch t he oxygen atons and carbons atons
are alternated. An oxepane is a sat urated seven nmenbered ring which
contains 6 carbon atons and one oxygen atom 5 P Fudgiogsso

oxi rane, oxet an\¥°96&'@5%me ‘1, 3-di oxol ane, 1,3,5-trioxane, and
tetrahydrofuran i Eﬁé {4l lmﬁﬂ&dﬁn&iﬂﬁlhaﬂxma@eﬁﬂhﬂe qomagnngﬁsomnmmhﬂ are

substituted with oca C ARt Bed to 20
LIRT: ‘37'5% %{ngyﬁe’n%%&woﬁﬂ 1@HRAC AR AP

car bon at onms W roups réln % cI G Ll n)%g whi ch

i ncl ude bi cy edtimated sevenyusniberedaing W qgebon atonts and Opt RXVEED o |

cyclic ethers havg, hTe formula | [err] wherein d is 0, 1, 2
r

or 4, and each er err err I; e dr ogen
15 or hydroca?l?gll con ??Fﬂwgb’ﬁ% %m%agﬁ‘gjaﬁé 1163-&18’“?1 PQGQ%HIM o J

ethers
pol yneri ze tteraby drofupanl :ydnd@cmnonndswetamm&w?% r@ﬁﬁ)‘r"é“?%\”h‘\ﬁ
-[CHR{ err] (CR err | Bl & d)\L caﬂi?lene groupsacdillmlmng)l a‘fZﬁcraehbmycl iC

ether all of Rerr err il s al so
preferred that d=2oms é‘ﬁ&’ﬁ@%ﬁ’ﬂ? %5?‘3‘\5 |c g%%g?&mﬁg&géd =2,

Rl err], one of bicycht, efiayLlic, lbtet systefnsR] er r | and R[err] are hydrogen, and

t he renai ni ng B[ err] i r@%{k‘éﬂlc ERdtRdrS have thformdla# carbon atons, especially
preferably th remai ni ng er I's et hyl. The

pol ynmeri zations herein are preferably carried out at a tenperature of
about -80[err]C to about +130[err]C, preferaRldy about O[err]C to about

100[err]C. If the pol ymeri zati on Pg arried out above the

at nospheric boiling point of the cyclic et her, a pressure vessel nmay
be required. It will be understood by th@/ﬁr<n$ﬁhithat 25 especially for
cyclic ethers containing rore than 4 atondJf the ring, these

pol ymeri zations tend to be equilibriumre m\ons bet ween pol ynmer and
nonomner, and that higher tenperatyfestysually favor the nononer.
Therefore, for these cyclic ethers, tenperatures bel ow about
60[err] C are favored. The poK?nerlzatlons may be carried out

in the presence or absence of 30 solvent. In some cases unpol ynerized

v | imgr Ietz Qte Loy g%erﬁ%?.r@s 8 ,ﬁ%?%ea?ddfeaém" RS, RY amﬁSWl?s indepentiersiylbylitogen n t he
g ep;r ating thet¥Fsaer chf&p HRAIng, } g‘hﬁg %%ngx‘? ee”“’se g °h°r§§‘ﬁ&9¥a5’ﬁ‘g"w
to give polymers thh repeat units of the formula -[CHR¥(CR3R%)4CHR!?0}-. In
a more preferred cyclic ether all of R7, RS, R? and R10 are hydrogen. It is also
preferred that d=2. In another more preferred cyclic ether where d=2, R7, one of
R8, both of R? and R19 are hydrogen, and the remaining R8 is alkyl containing
20  1-4 carbon atoms, especially preferably the remaining R8 is methyl.

The polymerizations herein are preferably carried out at a temperature of
about -80°C to about +130°C, preferably about 0°C to about 100°C. If the
polymerization is carried out above the atmospheric boiling point of the cyclic
ether, a pressure vessel may be required. It will be understood by the artisan that

25  especially for cyclic ethers containing more than 4 atoms in the ring, these
polymerizations tend to be equilibrium reactions between polymer and monomer,
and that higher temperatures usually favor the monomer. Therefore, for these
cyclic ethers, temperatures below about 60°C are favored.

The polymerizations may be carried out in the presence or absence of

30 solvent. In some cases unpolymerized cyclic ether may actas a solvent. If the
FSAP is not soluble in the polymerization medium the polyether product may be
recovered by separating the FSAP and polyether product, and removing any
volatile solvent or excess monomer under vacuum. If the FSAP is soluble in the

5



vol atil e sol vent or excess nmononer under vacuum |f the FSAP is soluble in

t he _ 5 WD 97/ 27238
PCT/ US97/ 00930 process nmedium the polyether may be recovered by

m xing with a solvent in which it is insoluble, or the FSAP may be
extracted by a solution of base. The FSAP may then be regenerated by
contact with woorem3§ acid. In any event, the FSAP may %%W%’G’%’g"i n

t he: pol yneri Z?LIE‘%???FI‘S%G\%“FQ the polyeg}%f)ylgbgpécb%m lﬂﬁﬁhé Wwith & kdl¥enERanpl es and

Experi nments, e gviations are used.. bp
= boi | i ng poi nwhich it is insoluble, or the F%&maiﬁbeﬂ‘?chfig’ﬁtaisﬁﬁmg‘&%l?ﬁsﬁg’rﬁl orinetry
GPC = Gel Per pgAPinRiy theil W eiengfaridiby cdhitact with a strong acid. Me@y=event, the

met hyl al umxanepﬁérmaybcreusedintheWymerfﬁs\ipﬁ'-m_)er aver age nol ecul ar wei ght

np = nelting o = wei ght average, no| ecul ar

wei ght 5 In the fylpwing-nondisijing Exemples and Bypenygents; the followmng PS
= polystyrene ppreviationsareused: RT = roomtenperature

THF = tetrahydrofuran fion[err] NR50 is a perfluorinated

copol ymer cont ai ni ng abBRit 0'._8b°1hngp? ui val ents_of sulfonic acid per kg of
pol ymer, and is conmer cDSC y= a\Rifferghtial SpanpingfCalorimettyy  du Pont de Nempurs
and Conpany, W I m ngt ongpPE,= U.(52] Permeation Chromatography? t he Experinents in

whi ch the fluorinated cwéy_ners ﬁré nmade, the fol |l owi ng convention

i s used for 1fami ng a-di & cIMPPEBTORTE pt a1 s, whi ch are the

pol ymeri zati on catal yst Mn The [nmmbpr alierage moldcular weiightat ed by the letters

" DAB" . To the | eft,0f ihguelfifdooist € the two groups attached to the
nitrogen atons. To 25 We right 0‘1: he " DAB" larﬁeiéﬂge groups on the two
carbon atoms of the a-dMWine Wit aYPARHMOTAIAWEE T ght of all this appears
the nickel atom |igand®Mt tac mlydispetsite MWMn ni ckel atom and finally any
anions (X), l\glhi ch when 'ggree'__' aﬂylﬁwe desi gn'z'it ed ) ~ by a superscript
mnus sign (T.e., X-). course 1f there is a "free" anion present,

the netal containing noidty Ts CIRRPFARhr evi ations in these fornul as

include 30 Pr = prop{iHF Me =tetshtytsofyra®h = phenyl, and An =

1, 8-naphthylyl ene.  Nafion® NR50 is a perfluorinated copolymer containing aboutxperi nent 1
Preparation of .

CH e 1] =CH{ CH oreapvplepProEapionisei necke ofpeiy e PACATBRETTHRY SYFISS 67 -
A nixture 0f2072 B Iodu Pent de/Nemeyrs 38d Comganyt Wilmington, DE, U.S.A.

'CF[e”]CF[e”]OCF[?%hﬁf iInSitk & WhiGh thé fiofinated copolyfiersGe paiejeie and 180
nmL of hexane was_stirred at 90 errJfgfove.r ni_gh Swhicgmoved by

filtration and velpwmesopyenten issed foy payping & E;%ﬁ“esg‘l?x}’@%fegﬁ €s, " resi due
was distilled t cargthedpolyberiatipnodatafystsd (e o-dijmigejsindiatpdpshpleterssPARR.  +45
(¢, J = Gl'd(? iHedeft dfthe “DRAB” drelthe twd groups@ached €@ the dittogdatbmbizToJ = 12. 6
e, 1R, - 88257 (the right of the “DAB” are the groups on the two carbon atoms of the a-diimine
group. To the right of all this appears the nickel atom, ligands attached to the
nicke! atom, and finally any anions (X), which when “free” anions are designated
by a superscript minus sign (i.e., X*). Of course if there is a “free” anion present,
the metal containing moiety is cationic. Abbreviations in these formulas include
30 Pr=propyl, Me = methyl, Ph = phenyl, and An= 1,8-naphthylylene.
) Experiment 1
Preparation of CH,=CH(CH,),CHICH(CF),OCF,CF,SO,F
A mixture of 72 g of hexadiene, 127.8 g of ICF,CF,0CF,CF,80,F, 7.0 g
of Cu powder and 180 mL of hexane was stirred at 90°C overnight. Solids were
35  removed by filtration and washed with hexane. After removal of volatiles, residue
was distilled to give 115.3 g of product, bp 80°C/210 Pa. 19F NMR: +45 (t,
J=6.0 Hz, 1F), -82.7 (m, 2F), -88.1 (dt, } =42.5 Hz, J = 12.6 Hz, 1F), -88.7 (dt,
) =455 Hz, ] = 12.6 Hz, 1F), -112.7 (m, 2F), -115.9 (ddd, J = 2662.2 Hz,




J =455 Hz, J = 12.6 Hz, 1F), -112.7 (m 2F), -115.9 (ddd, J = 2662.2 Hz,
6 WO 97/ 27238

PCT/ US97/ 00930 J =30.0 Hz,J =8.2 Hz, IF), -118.9 (ddd, J = 262.2 Hz,
J 26.8 Hz, J = 7.4 Hz, 1F). '
Experiment 2 Preparation of /00930

CH err] CI—|(CH[é7Y<P]"5’1["é?8r](CF[err])[err]OCF[err]CF[err]SCIerr]Fl’grms” To
a stirred sol uti ?é OJQSQsz 1F), -118.9 (ddd, } =262.2 Hz,]=26.8 Hz, } = 7.4 Hz,
CH[err]zCH(CH[er@ err ](CF[err])[err]OCF[err]CF[err]SQerr]F and
200 nL of ether added 63 g of Bu[err]SnH at room tenperature.

After the addition was conplete, the ExperiggBt2 on ni xture was refluxed for

4 h and then cooled with i pﬁpm@ﬁ&{d@fuﬂcﬂg),;&ﬁ)z(mﬁﬁﬁ OgF5 destroyed by
addition of iodine. Affer et her, the
reaction nixture was tIChHEEF onof {00 g et of énda}(%’.OOf KF|n 20041‘19
water for 30 min. cm;mﬂmﬂgﬁm&(ﬁﬁzhﬁ%%s@ﬁ ool ohethss gyes 3ddedn e

with sili Casﬂ&hfﬁﬁ' WhripBrafi) eAfter HiGaddittvarwas ayeplenathes epar at ed

and washed with splutio
MySO err]. After WE‘FFE’MP“‘B‘FC Y"Pn%‘egt"f?grd}lra 4 ‘PA’?’E% dgv%jf'/algé %.EQ{ 01[35 ;%?f gi ve
54.7 g of product BujsnH/Rhsdeskdyed by aidition efiioding After bging dijuted i gl of

material . Lfkib wad #5atédWwith K SolutiéiPof D5 (@af KiFin 20086, 6f (m
th
2h), 2o (2B 3oaminﬁhf;%ﬁsmm&gi,ygﬁmnmghaﬁmx i
CH[ er r] =CH( CH er r Lilik#gel ]aﬁ&:ﬁhsmd ]n?jtﬂlethe]' (05| edhrer JagBy was seEsopted ?’]@@b“d with A
mgzt” € i); [ 24 ]9 of Eexa afg%:l anddned over MgSO4 After removal of the etheé, 60
err])[err err err
of hexane was sti rqsweatas distilled tp el W‘H’% PAE AP & b, RIS edr?r‘no ed by

filtration anqswag{aamgwﬁt&ﬂnexane After renoval of volatiles, residue

was distilled to give tg2.7 m,2F) -88.0 (m, 2F), -112.6 (m, 2F),

CH err]=CH(CH err])[err] rr err ] rr]d:Fferr]CF[err]SQerr]F bp
74[err] C/ 9 Pa. [er?{&?ﬁwl §.4 5 (m lF) -82.4 (m 2F), -83.5 (m 2F),
-112.2 (dm J = 270 Hz, 1F), -112 6 (m Mﬁmj -115.2 (dm J = 270 Hz,

4115) - f124. 3.(s. 2F), -125. 5 (m sRR)f CH,=CH(CH,)4(CF,)4OCF,E6FjS08d sol ution of
go

CH err] CH(CH[Zer])[erﬁm@f"é%ﬂ’@‘["éﬁ“ﬁ}")F%Eﬁﬁ%@?ﬁﬁ \é‘];ﬂéffarr]lz and

150 L of - et her was gsRfland 60 mL oRRexgnowvasiired el BiTA ayernighb nSal ture
After the additi on vva m{rﬁﬁoﬂ BQfashea ﬂ{lﬁﬁﬁ{el g[ﬁcm@gﬁd%ﬂ)mﬁuﬁ;mnm
overni ght. Excess’ was

est rﬁ%ﬁ addi tion of i odi ne
After being dilut mlitﬂedmﬂlm1§f3 &P “°tt he reaction m xture
treated with a solcﬂ?u}l(@nzm}gcm(%MOC&GBzSﬂbfbbp WAIGET Pa. OPFM 45 fhe

solids were re{gove(j ﬁé:giarhgtiel:ﬁher r(glum qlﬁgq&gljwymglllmcalmtmﬁm

washed with I"a at and washed with
wat er, aqueous NaGl15.23%dmght 27Q Bz 15hdl é‘?@%véﬁg%d&f%r After renoval
of the ether, residue vpsstitfedsoluti@of47gof to give 24.7 g of product, bp

103[err]C/1.3 kPa. chELERCRNR HICHR (CF HBCHOF,SOfarl 150mL of cther was added

27 g of BusSnH at room temperature. After the addition was complete, the

30  reaction mixture was stirred overnight. Excess of Bu3SnH was destroyed by
addition of iodine. After being diluted with 150 mL of ether, the reaction mixture
was treated with a solution of 20 g of KF in 100 mL of water for 30 min. The
solids were removed by filtration through a funnel with silica gel and washed with
ether. The etﬁer layer was separated and washed with water, aqueous NaCl

35  solution and dried over MgSO,. After removal of the ether, residue was distilled
to give 24.7 g of product, bp 103°C/1.3 kPa. 19F NMR: +45.4 (m, 1F), -82.4 (m,
2F), -83.5 (m, 2F), -112.6 (1, = 2.6 Hz, 2F), -115.1 (t, ] = 15 Hz, 2F),-124.3 (s,



2F), -83.5 (m 2F), -112.6 (t, J = 2.6 Hz, 2F), -115.1 (t, J = 15 Hz, 2F),
-124.3 (s,

7
WD 97/ 27238
PCT/ US97/ 00930 2F), -125.7 (t, J = 14 Hz, 2F). HRMS: Calcd for
Clerr]Herr]Flerr]SOerr]: 482.0221. Found: 482. 0266.
Experiment 4 wog9m723s8  The conpound 5 [err] - - R8O
0. 024 nmol)

d : ] )
CH{ o 1] SOH( CH{ ¥y 1874 § P 75} FIRYIS; Gefed for Gk 1adPy, 18297 o
7.26 mmol ) wer eFalindsaBx0266.n 18 nL CH err]C[err] in a Schlenk flask in a

drybox. The 10 flask was connected tgx%rﬁﬁ‘dh{enk line and the flask was
then briefly evacuated and refilled with ethylene fromthe Schl enk
line. This was stirrBe®OPR™inder 1 atm of ethylene for 72 hr.

Sol vent was ®vaporated after filtration. The viscous oil was di ssol ved

in 10 nL CH err]d[err], followed hy addi temn Qf 100 nL net hanol . The
upper | ayer was decanted. The /i gn was repeated two nore
time, 15 followed by vacuu g of a light yellow

viscous oil. [err]H NWR : 89 nethyls per 1000
met hyl ene carbons. Conpari s¢n 4l sdregt he CH2CF2- (2.02
ppm with the integrals of t K and

met hyl enes(1.1-1.4 ppn) i ndijcat ed g: ent of 8.5 nol %
19F NVR (CDCl[err]): 45.27 gpm - SQf err jf; 082356 |ppm -83.66 ppm -112. 82
ppm 20 -115.34 ppm -124.45 ppm -125.85 pp 2 peaks. The pol yner

exhibited a glass transition tenperature of ~-57[ert]C by DSC. GPC
(THF, polystyrene standard): Mv = 120, 000, Mh = 78,900, P/D = 1.54.

The turnover " nurighes f Q.02tdb Bk @HG=CH(CH,)i(OE,)30(BR);H6),F43S 22098 and 195,

respectively.

, . : i Brpe25
In a Schl enk f| a&¥ mmoh wre dW[;‘éQFYBAgA%iW%? cehrl? %Pﬁidzdﬁmxo%hﬁ nmol )

10 flask was connected to a Schienk line and the flask was then briefly Gvstuated an
refilled with ethylene from the Schienk line. This was stirred at RT under 1 atm
of ethyléne for 72 hr. Solvent was evaporated after filtration. The viscous oil was
dissolved in 10 mL CH,Cl,, followed by addition of 100 mL methanol. The
upper layer was decanted. The reverse precipitation was repeated two more time,

15 followed by vacuum drying to yield 3.68 g of a light yellow viscous oil. 1H NMR
analysis (CDCl3): 89 methyls per 1000 methylene carbons. Comparison of the
integral of the CH,CF5- (2.02 ppm) with the integrals of methyls(0.8-1.0 ppm)
and methylenes(1.1-1.4 ppm) indicated a comonomer content of 8.5 mol%.

19F NMR (CDCl3): 45.27 ppm, -SO5F; -82.56 ppm, -83.66 ppm, -112.82 ppm,

20  -115.34 ppm, -124.45 ppm, -125.85 ppm, CF, peaks. The polymer exhibited a
glass transition temperature of -57°C by DSC. GPC (THF, polystyrene standard):
Mw = 120,000, Mn = 78,900, P/D = 1.54. The turnover numbers for ethylene and
the comonomer are 2098 and 195, respectively.

Experiment 5

25 In a Schlenk flask, [(2,6-i-PrPh);DABAn]NiBr, (0.012 g, 0.017 mmol)
and CH2=CH(CH2)4(CF2)4O(CF2)ZS02F (3.26 g, 6.77 mmol) were dissolved in
35 mL of toluene under stirring. This was pressured with 1 atm ethylene and was
allowed to stir at 0°C for 15 min. MAO (1.7 mL, 8.9 wt % in toluene) was added.
This was allowed fo vigorously stir at RT for 45 min. Methanol (140 mL) was

30 then added, followed by addition of 1 mL of conc. HC1. The white solid was
filtered, followed by methanol wash, vacuum dried to obtain 2.76 g of a white
rubbery polymer. 'H NMR analysis (o-dichlorobenzene-dy, 100°C): 98 methyls
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and CHerr]=CH(CH err])[err] (CF r])40(CF[err])[err]Sqerr]F (3.26 g, 6.77

[er
nmmol ) were dissolved in 35 nL of toluene under stirring. This was
pressured with I atm ethyl ene and was allowed to stir at O[err]C for
15 mn. MO (1.7 m, 8.9 w %in toluene) was added. Thi s was

allowed to vigorously stir at RT for 45 mn. Mthanol (140 mi)pcHmsse7/60930
t hen added, folwo9m223y addition of 1 nL of conc. HO. The white solid was

filtered, followed: , Céapmistndf iedntegraloiftles €MHCF6- g of a
white r ubbR 38%63{;‘%@2{}% err],H %ﬁm gﬁi pm) and methylenes
(o-di chl orobenzen@-@[m)]"‘,"ﬁ‘l@egﬁ"rgf%i:?.m ' %/I()? % 19F NMR

8 - WO 97/ @788 ppm) indicated a comonomer content of 3.5 mol ,;8 s

PCT/ US97/ 00930 RES LJ‘I){|@5’]§9ﬁﬁ,ﬁ’bSO§F; -Eh A ppm ppmhe i ntegral

of the -crpcr2- (09! g&p;{z%? i th int egral SIS, The Solimé PP
and net hyl eness -11(2.9.611?!!1.,4ﬁ§%??%6fzg(§t7€3£nagl£2§%r?§% g%@ﬂtl _&%%mS nol
% [err]F NWR 4 HiBitedi Tah bD9 0Ly RS@ - Mver 156,000 Y @B »TSFe Y F; -82.70
ppm -83.72 ppm 5 -112.96 ppm - 115. Gpeikn6124. 37 ppm - 125.83 ppm

CF2 peaks. The pol yner exhi bited Tmo /[err]C by DSC. Mv = 156, 000,
Mh 90,000, P/D = 1.73The compound Experi nent 6
The conpound [err] 10 (0,0848 g, 0.1 nmmol) and
CH err]=CH(CH err])[err](CF[erfr])|eru.é CF[ ecr}) heynl] SO err]F (11.5 g, 0.03
nol ) wer e dissolved in [err]Yin a Schlenk flask in a
drybox. The flask was / a gchl e Ili ne and the flask was
then briefly evacuated and refj | | 2O W ne fromthe Schl enk
line. This was stirred at RT undd of~o tihybsme for 72 h. The
solution was filtered through n§l t hen trated to 70 mL.
Met hanol (400 nL) was added under st'rmfﬂ%/*ihe pper | ayer was

decanted. The oil was redissol 0 mE,CHp@farp\Cljerr] followed by

addi tion of 350 nL met hapol. The vi scous oi s coll ected, vacuum
dried and 24.1yg of a 20 1|ight yellow viscous oil s obtained. [err]H NWR
analysis (CDCl[err]): 113 nethyls per 1000 net hyl ene car bons.

Conpari son of the | niadral | Qfmbih End EAFFEH(CH)A(CF2),0(CF2);SOF (1.5 g, 0.03 mol)
were dissolved in 72 mL CH,Cl, in a Schlenk flask in a drybox. The flask was
connected to a Schlenk line and the flask was then briefly evacuated and refilled

15  with ethylene from the Schienk line. This was stirred at RT under 1 atm of
ethylene for 72 h. The solution was filtered through Celite and then concentrated
to 70 mL. Methanol (400 mL) was added under stirring. The upper layer was
decanted. The oil was redissolved in 70 mL CH,Cl, followed by addition of
150 mL methanol. The viscous oil was collected, vacuum dried and 24.1 g of a

20 light yellow viscous oil was obtained. 1H NMR analysis (CDCl3): 113 methyls
per 1000 methylene carbons. Comparison of the integral of the CH,CF3-

(2.0 ppm) with the integrals of methyls (0.8-1.0 ppm) and methylenes
(1.1-1.4 ppm) indicated a comonomer content of 2.9 mol %. The polymer
exhibited a Tg of -66°C by DSC. GPC (THF, polystyrene standard):
25  Mw = 186,000, Mn = 90,500, P/D = 2.06.
Experiment 7

Hydrolysis of Copolymer
Copolymer made in Experiment 4, containing 8.5 mol % of fluorinated

comonomer (1.5 g) was dissolved in 30 mL of THF at room temperatu're. K-OH |
30 (0.5 g)in5mL of ethanol and 3 mL of water was added and the resulting n?lxture

was stirred at room temperature for six h. After removal of the solvent, residue

was treated with diluted HCI for 70 h and then filtered to give solids which were

9



(2.0 ppm) with the integrals of nethyls (0.8-1.0 ppn) and net hyl enes

(1. 1-1.4 ppm indicated a conmononer content of 2.9 nol % The pol yner
exhibited a Tg of -66C by DSC. GPC (THF, polystyrene standard): 25 Mwv =
186, 000, Mh = 90, 500, P/ D = 2.06. '

Experiment 7 Hydrol ysis of r
Copol ynmer madgoiefnzasperi nent 4, containing 8.5 nol % of fl uong?%g’gb%ge

conmpnoner (1.5 g) was di SSOl%EFg‘iﬁﬂd r%gﬁﬂnzfe&&&l\l,\g#gu@ltat'7%{'%&‘{&“&@% KCH

30 (0.5 g) in Washedg¥itheyaiein r was added and the
resul ting m xtuyg@ g solid. was stirred at roomtenperature for six h. After
renoval of the solvent, residue Exﬁgmﬁexhlseat ed with diluted HO for 70

h and then filtered to give solidﬁ wilc ggég !
9 PCT/ / 27238

_ ! ) ged wi th
wat er, HC agd dri edAuﬂﬁkarre6ﬂ10.6.gaﬁcnmimermpemlf@eﬂwmt%-ocfa@‘ﬁ% * gi ve

&&gr g| f,g: isd of ngm. yﬂ\g?te 30 mL of ethanol and 30 mL of THF was Etirpeak 4t RAndvethight

A mxtu : I made
in Experinent 6anéa060fodP°Géyns h- Aﬁe"Zem?%?fﬁﬁﬁé?ﬂsgggm%@%?&%éﬁgﬁaand 30
Kftt of THF was s]gwi{uﬁ&}c?nqﬁ gwexrubbgymaten_al,vdmVaﬁ;wmqeﬂ’@sz;@;mogzj h.
er renoval of  a of s S, g id&S wasl nc.
HCl to give rubB’éWeﬁﬁ'ftgﬂaéﬁr?‘Lr\\?h‘ap}éﬁ' vﬁlgﬁaiour‘e,%j\@&%ucodgr&%%;g rveﬁﬁ(kof
bl ended wi t howatcenc.fREI, 86! water, anfidried ypdeg “&3&9@‘5 I ST %ni ¢ wer e washed

with 10 conc. HOy Bk \Wdaial.al?e NIMRETHEIN 482.8 (e 2RmBas (%?E}’r]@'%&grni ght
to give 8.7 g of 2§r§F)rubbery material. [err]F NVR(THF): -82.8 (br,
iy 1182 4%

2F), -88.5 (br, ( br, 2F), -118.5 (br, 2F).
Experiment 9 Ex ration of Grafted
Pol yet hyl ene 15 A m xprépstativn of. olyethylene

| CF[err] CF[err] OCF CE IFNo 5 eof lisioflene and 30 f
s e e 0
Distillation of Bhgof CH;=CHp eshentegipa ayigolaye gqf e %)nﬁo nd’h‘f

88-80[ er 1] Gl 3.9 kP2 19k N o sffildcompound, bp 83:895CH Sk, PERME: 45 (1,

2F), -87.2 2| - . Ny N ,-1193 M 3=2R0. 20
To)a stirre((jmsol Efm"dﬁ' Z’kgqyéﬁf‘&’?'ﬁgﬁi"‘g?") 112.7(f, OF) l_l 3="PR)

ICH err]CH err] CHze2F) CF[ err ] OCF[err] CF[err] SO err] F and 200 nL of CH3CN
was sl owy agﬁed 38 JTo a stirred éddutivn®f186.2 g¢0.3mdleefr | N at 75 to 80[err] C over

6 h. The realtion_m xtu ert re i 10N waslowlyladde: err
at O[err]C, and tlﬁgﬂé{%éféﬁglaﬁ‘? Se%:/\?a%rwagﬁao%?&g&%d W E‘ﬁ}' wéﬁeuifgd .ll'he
ether |ayer was (@3R@hobiof Etshbatds taBPCverf by Jaf reg¥a/™ %er, epoval of

25 the ether, awiﬁ%&kumgst%adbecc,iahﬂefentpoungamoweaargl%frmﬁeﬁw Fhct, bp

115-117[err] C. r'r] FNVR: . +45. anddried oS er MgS0). 2Akdter reidvadof m
2F), -112.5 (m 2 F‘heﬁag?‘lo“’?srﬁmhe‘ﬁm}wg{.& . o 115-117°C
75  the ether, a residue was distilled to give 65.3 g of pure product, bp :

19F NMR: +45.1 (m, 1F), -82.5 (m, 2F), -87.8 (m, 2F), -112.5 (m, 2F), -118.0 (m,
2F). THNMR: 5.80-6.05 (m).
A four-necked flask fitted with a condenser and an additional funnel was

charged with 7.5 g high density polyethylene (Aldrich, Mw = 125000), 16.3 g of
30 CH2=CHCFZCF20CF2CF2802F and 80 mL of 1,2-dichlorobenzene. :‘\ftcr the

apparatus was partially evacuated and refilled with Argon for several times, the

flask was heated to 140°C until all of the polyethylene dissolved, and then cooled

to 125°C (very viscous solution). A solution of 1.23 g of di-t-butyl peroxide in

20 mL of 1,2-dichlorobenzene was slowly added over 7 h. After the addition was

35  complete, the reaction mixture was heated at 130°C overnight. The hot solution
with white solids was poured into 600 mL of acetone to precipitate the polymer,
which was cut with ice in a blender to 16.7 g of fine power polymer.

10



2F). [err]H NVMR 5.80-6.05 (m). A four-necked flask fitted
with a condenser and an additional funnel was charged with 7.5 g
hi gh density pol yethylene (A drich, Mv = 125000), 16.3 g of = 30

CH err]=CHCF[err]CF[err] OCF[err]CF[err] SO err] F and 80 nL of

1, 2-di chl orobenzene. After the apparatus was parti al | yctvsseieassed
and refilled WwMAPTR7H8n for several times, the flask was heated to
140[err]C until all ofy LhguPer V&b Q»f&egrmedmlymdﬂ.semgﬂﬂagnw;m&tﬁd

to 125[err] C (very viscou i , hORirRh atl6028 £8r Sh afild atlrobiuit Y|
peroxi de in e¥hm%f(ﬁ?id%wzqn§%xﬁy§¥g’g%ﬁgé e Wasa sl ovx1é %dgﬂ over 7 h.
Aft-er the additiqanmured?ﬁmigim@ﬁ@trel}loYﬂéfY@ €3> EFPANE YET FEAOWIR €% at
130[ err] C overni qﬁttgl-fomf:mn,gm@&h,%sﬁeuMthwatemmm ankdidried atG10°@3n waesrupour ed
i h Do 1h oS i e gva 5.3 2% aplide; - By DECHER[105°C and 10% Weight oMty CU!
with ice in aSbl datéhtqgvee: 5P wer pol ymer . )

10 WO 97F@X 23 230°C inN,. The solids could be pressed to film at 135°C. Elementa

PCT/ US97/ 00930 i Szt thE Yiafre@ bolfthePcoirtaiied BIO%gsudut, onhighol yner, 4.5
g of KOH, 50 niL o?f"a!ymsrevee%lﬁa‘gﬂé}, 0t m_bo?! 'I; FlﬁaqogorrL of water was stirred
at 60[err]C for Sndicaadthat acid egpvaien wf'@ﬁ‘p‘@?_a ure overnight. After renoval

of volatiles, residue was treated with Expesiment10 HO for 40 nmin, filtered,

washed with er and HO and dr ipgdafikiod Of £ polygtheuum 5  for 8 h to
give 13.2 g of solids, mp, by DSC wa [r nely ' Lias by
TGA was 230[err]Cin mpwd}qhhm‘&nmﬂsa‘yﬂ% g g";ﬁ%‘%’é‘gﬁq@ ?P‘f’ﬁ_)& t

135[err] C. El enen giL o-dichlofotehaent)owasaloody eddediteie salutionf pelyisiraps f?é‘f’
contai ned 3.19% s&hgrugrlycoy\/(mg}]: 11,700, ML 8,96 PolySitend stanaed) THR et wei ght

was around 1000. ] . - | 10 10
Preparation of a Gdighlerebengengd3-A@E in 20 mL °‘d‘°hl°’°b.i{}%e’c‘ﬁ)3}a(‘; gﬁ%gﬁ?}%%

sol ution of test - lpyé xddisrwas cdemplefedif 2 p SPhosobagion as allowed fo gfir at |

o- di chl orobenzene). was, sl Ld/dt 105°Oandepfulitvatuwuamfdr IB\H, ene
ether glycol (Mwv —°rf_Tf’tP€rOé, N‘Ko@ﬂ%@%@%%??ﬁ t trﬁncg K?D abk) in

o- di chl or obenzene leaging®.6$ g?faZ@“WLV‘%?Eq‘g &ﬁ%%‘g 7 'ng%l:éwrr‘gllﬁ atnéd at
125[err] C. 15  Tha sami, tSO4F; we%s pranpBR2epmi rl12.85pm, -HAd 8. (2 #F2%tas
allowed to stir at. 125 errlG.,. | thire 0¥ C482C ibly ®XSCLeGRC
evapor at ed at 125?@???%"%%&#“*%3&%9%_&??!% hJ_ﬁo _gbn; Vigrg 9. 68 g of
a white visco28 olTHEspalystyrprectanderd): Mw T g/ ‘éPPé"gjf‘ﬁer% ; 44.5
ppm -SO[err]F; -82.8 mpmmixfse &f PFhy CH3ZCHCH)A(CFD2804F, hsriraftad pobmgrs

The pol yner exhi bit t bl - ﬁi‘dl—ﬁﬁc\bmerDSﬁrﬂ@C 20
(ToE ol yst v one 20 g G Wal d1BREA iy THEC 15 I uhiif)

0, K. = 11, 300, PLD, mi2n.d
To a mixture of 9.a6RTgesi FF}‘*@‘K“W‘PT')E@'FP"]“ e%rt?fér[[%éﬁg]zfgrcfﬁﬂ F, the
grafted pol yMer  was therA8fiwedFord IKCBblvents wete evhppratediundtearvacuum.nh %r;_ol and
1.5 nL water. §ti rrin . =) 184k Rixtire Wasfiléred theaghiCGelite®Thi s
was al | owed t Pst i‘?’asaefg‘“?‘?fe‘*vglrth?é$ an[é ' then r f-oep5 h.
Sol vents were eva;feﬂa‘v@ﬂbxﬁ?éﬂ}mbéﬁﬂmﬁw"me'rg&%mmwas bl 36t PITF:

This was filtered through Celite®. Evaporation of the solvents and vacuum drying
at 105°C overnight gave 8.8 g of a brittle yellow solid.
To 4.23 g of the above potassium salt of CH,=CH(CF3);0(CF2),S05F
30  grafted polymer in a flask was added 20 mL conc. HCI. This mixture was
vigorously stirred for 20 min at RT. The top layer was decanted. This procedure
was repeated another two times using 15 mL of conc. HCL. The viscous oil was
dried at 105°C under full vacuum for 6.5 h. A dark red viscous oil (2.41 g) was
obtained.
35 Example ]
In a dry box, the polymer made in Experiment 7 (0.8 g), THF (10.0 g) and
acetic anhydride (0.52 g) were placed in a 20 mL vial equipped with a stirring bar.
| After22 hat RT, the vial was removed from the dry box and the polymerization
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25 was extracted with 100 nL acetone. This m xture was filtered through
Celite, foll owed by 3X10 nL acetone wash. To the filtrate was added
130 nmL THF. This was filtered through Celite[err]. Evaporation of

t he sol vents and vacuum dryi ng at 105C overni ght gave 8.8 g of a
brittle yellow solid. To 4.23 g of the above ?&é‘?jﬁ salt
of CH err]=CHvoRPreIdg) [err] (Crlerr])[err]SJerr]F 30 gra

i B add{egm& tteﬂklf 1ti'dgofTﬁ?| Watd %fdl&lﬁrVWHe organic phasé gas ousl y
0 mn

stirred for 2 e to ocedure

was repeated anspawted tWWJWQWfE?‘@&%‘ ﬁ"%’f cg‘m’&dﬂ&m‘?ﬂg{%. scous. oi |
vas dri egoréntifaiGt redtiesd fredsreand themdtied uslesvapuum, affarding 6658 fcous
oil (2.41 g) wa ef. NMR5 ~5800. GPC analysis (PS STD.): Mn = 28300,
Exanmple 1 }s)olymer MoPWtahQ ry box, the ponrre}r’ made in Experinment 7
(0.8 @), THF5(1M‘®"Q§)33%(?D 324, acetic anhydride (0.52 g) were placed in
a 20 nL vial equipped with a stirring [Example2 After 22 h at RT, the

1y e T o7 i BSE), THF (10.0
11 VO 97/ 27 %H&b(& 1h0 Pty RBLmhdiEin BRXbariHRérk 736.89B), THF (10.0 g)

PCT/ US97/ 00930 and acetie aphyideide-08) wete Plaged ina 39 mk vipl gavinpsd with astiming, . 11,6
organi c phase Wagr. After 20%E R the viaMwahmrhowed fromabedry(bex pnd @i ed over

anhydr ous s 6| um Ifattgdn&emmaég(g@ptgg%?ﬁ&%m %&Qﬁﬁh&hﬁ&%&@r@ﬂﬂ t hen

dri ed under Yac®d via [err]H
NVR. ~5800. @Cp&ml%usspams? sypsheg withwater, 2@’3\98“3‘%0‘"3’?%”'\/8'° %‘15‘8’ PD = 2.24.
E;<arr_|:|)_:_|§ (210 0 sulfate, coh&n&atdﬂ Mt ﬂé&lccd hi‘bsslmdndrrm drgdemdet mﬁmﬂmgz (() 0. HES
g Jps3vol Bivw=8 In a

vial equi pped Wl6f# %1°%R31W7r Sﬁémgnggﬁsg?l)g 20 h™at RT, the vial was
renoved from t héPRir@.2ox and the 10 polynerization term nated by the

addi tion of (kHF, water and et her. The qﬁ;g@]ﬂ__ phase was separ at ed,
washed with water (2 dr QV 0.66 ,sltmfgu)eu
concentrated at reduééa HFé’%élugappﬁen |ec ( q%%a% &f&or di ng
6.53 g of pol ynmndmaahwdqul(BSQ pEwere placed ipp it PD
= 2.25. 15 bar. AﬁerZOhatRT thevnalwasremovedfromﬁndrmbce;aﬁdthe In a

dry box, the p0|el¥ Hnggagsm {3 mt%‘ﬁ i)t E%r}tddﬁioﬁggﬁﬁl:g\lraterwﬁ ethtf) . Therganic - and

acetic anhydrld vial e ‘H‘B chW'tha
stirring 20 bmasemwma@dm@bewthvﬁ@r@xal '\R}A?’?’éﬂ@g’g PEH he dry box
and the poy fgﬁrb&ﬁaﬁwa@fmmmmmmdﬂedmrmeumﬁmn&r and

et her. The organ|§ia 36 polfth hase(a%g{mg%?sa@gt% vmﬁhel%mt:\hww:m(m dried
S

over anhydrous s® ncent ated at reduced pressure and

t hen dried underPDacl8@n affording 8.33 g of polymer. GPC anal ysis
(PS STD.): M1 = 12200, Mw = 22000, ComparatRie-Example. 1
25 In & dry box, Nafion® NR50 (0.57 g), THF (10.10 g) and acetic anhydride

(0.65 g) were placed in a 20 mL vial equipped with a stirring bar. After one h at
RT, the vial was removed from the dry box and the Nafion® removed via filtration
[Nafion® washed with THF (2 x 25 mL)]. Water, THF and ether were added and
the organic phase separated, concentrated at reduced pressure and then dried under
30  vacuum affording 0.77 g of polymer. GPC analysis (PS STD.): Mn = 6040,
Mw = 15900, PD = 2.64.
Example 4
In a dry box, the polymer made in Experiment 8 (0.57 g), THF (10.10 g)

and acetic anhydride (0.65 g) were placed in a 20 mL vial equipped with a stitring
35  bar. After one hat RT, the vial was removed from the dry box and the
polymenzatxon terminated by the addition of THF, water and ether. The organic
phase was separated, washed with water (2x), dried over anhydrous sodium
sulfate, concentrated at reduced pressure and then dried under vacuum, affording
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Conpar ati ve Exanple 1 25 In a dry box, Nafion[err] NR50 (0.57 g),
THF (10.10 g) and acetic anhydride (0.65 g) were placed in a 20 nL
vial equipped with a stirring bar. After one h at RT, the vial was
removed fromthe dry box and the Nafion[err] renoved via filtration
[Nafion[err] washed with THF (2 x 25 nL)]. Water, THF and et hggrissResagded

and t heWSr &M phase separated, concentrated at reduced pressure
and. t hen dried uRdars of33lymetACPEEnalSie (RS STDO: Wi g1 2600pMwAR6000GPC anal ysi s
(PS STD.): M = ?)%49%1 i3 Mv = 15900, PD = 2. 64. |
Exanpl e 4 “ " 1In a dry box, theﬁpol ymer made in Experinent 8

(0..57 g), THF (10.10 g) and (0.65 g) were placed in
a 2? m vi al qui Ppedm%mu?bx;sghﬁdd@mksﬁfo.37g;arHFNumg)méatstiatanWBxidphe .
vial was renove rom e dr 0 n : : Hﬁé alal nat e
by the additidn dp.Sggkwewﬁ Hh%z‘g?’ﬂé’ﬁ*h%‘?ﬁ%”grw‘gﬁ?% ® bt Sdﬁai ts"%ﬂmgs

separ at ed, washeRDjithdwialavasrerhoved froge thedrbhax-ang glinnd remgysshyia filtration

sul fate, concentr@ffith@ivaiied WiiTHF @3625 RLHN AViterpTHE ahe dthanelers added andy

S];}c g;gg gg the organic phase separated, concentrated at reduced pressure and then dried under WO

PCT/ US97/ 00930 vacudm 4forglingf1 4og o polymerPGP&raplysis 3 BEDTMn =~ 13700= 17600,
Mv 26000, 10 Pl%véz?lﬁ)ﬂ,l’ =214 Conpar ati ve

Exanpl e 2 a dry box, Nafign erll NR50 (0.37 g), THF (10.10
g) and acetic anhydride 5 (0.56 9) wer@%‘f-‘%!n:'ex dina 20 nL vial equipped

with a stirring bar. Ahtagiry bow tie mlymer madgim Experimentl (037<2)e BB (AP € om t he

dry box and the ' ' | 2006L vial equi ivaith estirfingvas hed
i %lh THE (2 x 25“‘%{%%&%%@1@&& %6 Q) Wer pldckd infd vial equipidi veith] zestirdin

, F and et her [.e d the organic
phase separated, banddist P gt R they c"éﬁﬁ%?%%@&p@atgﬁgg’ttﬁ%%n ®q under
vacuum af f or difig %glﬁcﬂzaﬁﬁnmhmdbym@hbhpﬁmﬂmcﬁié mL) and etherg700, 10
Mv = 29400, PD = 2. dium sulfate, concentrated at reduced pressure aiid diepl e 5
In a dry box, the lB_%qA?/Vh%?nh%g?gsfonw?nxsggérre?t l8m§g'(§€ch)tal sTJ'@S(S]IQJP 9)
and acetic anhydrﬂﬂ@%‘@."'j‘@cﬁ‘}‘“vﬂé@é“ﬁg de§ of ROY Vial equipped with a
stirring bamn Ap5700, Mwo=H2300, RP=Lk6f% vial was renpved fromthe dry
box and the 15 polynerization term nategylyplblge addi tion of THF, water

dr.ou

(2-3 nm) and ether, dri ed oyer anhydr.aus sodi f qt trated
at reduced pr@8sure anlpad¥box,the g‘“ﬂ Pfqgﬁxﬁﬂﬁ%&e%e@ﬁz@&gﬁ%ﬁﬂ%@@; g of
pol ymer. GPC anal yfd aceliPinhydiiie (0.50 g) werd\placed 267 D@mhwlﬁqmaﬂb‘,’mbﬁ)ﬂimﬂg 65.
CCADLE 20, . ] g e VAT, Bt bt ok i, 1
g). -0 g arn( . | i
vial equipped wt WOHMWWﬁﬁm‘“ateda"yﬁé? aA‘ﬂH"f“e&&%’ %.‘e\ﬁg‘;‘f%‘? rbﬁg ﬁ+g_§lt“ ilRT,
the vial was renp\yagkefvwasseparuted]washied withwhtert{2x), dried over anhydrous magnesium

25  sulfate, concentrated at reduced pressure and then dried under vacuum, affording

6.02 g of polymer. GPC analysis (PS STD.): Mn = 23400, Mw = 38900,

PD = 1.66.

Example 7 :
In a dry box, the final product of Experiment 10 (0.155 g), THF (3.00 g),

30 THF/3-Me-THF (55/45 mol %, 7.00 g) and acetic anhydride (0.50 g) were placed
in a 20 mL vial equipped with a stirring bar. After stirring for one h at RT, the
vial was removed from the dry box and the polymerization terminated by the
addition of THF, water and ether. The organic phase was separated, washed with

) water (2x), dried over anhydrous magnesium sulfate, concentrated at reduced

35  pressure and then dried under vacuum, affording 2.71 g of polymer. GPC analysis

(PS STD.): Mn = 18400, Mw = 25700, PD = 1.40.
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pol ynmeri zation term nated by the addition of THF, water and ether. The

organi c phase was separated, washed with water (2x), dried over
anhydrous magnesium 25 sulfate, concentrated at reduced pressure and then
dri ed under vacuum affording 6.02 g of polyner. GPC analysis (PS
STD.): M = 23400, Mwv = 38900, PD= 1. 66. '

Exanple 7 woe27238 In a dry box, the final product of ERXGEUSHER010
(0.155 g), THF (3.00 g), 30 THF/ 3- I\/EE'[(I;E‘ /45 nol 9% 7.00 g) and acetic
anhydride (0.50 g) were pl aced i mL vial equipped with a
stirring bar. After &iadnyiboy, the finghnsoduckef Hxperiment 10 (0.165 gﬁgﬁF%QO%mved
f][om the dry boy, ﬁéeﬁ%ﬂﬁbhﬂ?ﬁhﬁiﬁxiﬁﬁd twith Eistiing ®ah YA fératirring for oreddi t i on

of THF, water an er, The organic ) separ |

water (2x), dri @8R wem@mw%@%%&’?ﬁ%ﬁﬁf?@i‘gf}‘°g%‘§€%‘ﬁ¥?e§‘?§§°%w:educed
35 pressurg anke pdipmeritmtienitermihated by theaddition pETHF nwater and eghest Theo| yner . GPC

i gal ysis "o é,ﬁ}ga%c%gse) was Yaparatt @ AR3hed \Witirwater @R), dBEY svet aflydrous
PCT/ US97/ 00930 magnesium sulfate, concentrated at reduced pressure and thenr:erié:%p “f‘%er 8

In a dry box, thachinnaffopdingi@it? gof pélywer.i nrent 10 (0. 165 g), THF (10.00 g)
were placed in a 20 nL vial equipped V\Awirring bar. After stirring

for one h at RT no pol ynerization was_appare h j renmoved
from the dryl®ox and 153%‘%9"2‘@1 P‘?‘é‘f‘ﬁt‘dw’tlé“?ﬁeﬁtg@ogo ’ﬁgba@%f’tion of
TH{Z, W?tZ e; agd_ egmplg.Ma'JTe{F (55/45m@&hi7&0m)amb§on&sar§e£éd eiﬂ,g)msﬂsdgp{:dn; ht
Wat er X), darie& &h i i iy Yar.! AftESH for offe HIREthé }aPd a
reduced pressuremé‘%% Tlﬁgﬁp%ﬁiﬁ}g%alﬁgleﬁs:m lvacuz%gé&g f(ﬁcéi r%g Oe.a]dgiﬁgmof

pol ymer . | was removed from the dry ox and the polymeri HB}’élg éh In a
dry box, the fi ngfTHF,ehtei(1.00 mE)pnd ethem The s¢ldls 3@repemoYed-via filtptign and

THF/ 3- Me- THF, { 554 4 0 | T '
pl aced }5§] a&gges%hg e%c&)tra?ﬂ\%t fb%ﬁédds‘btr?%rgt??!gﬁd @en dRedéhdey were

al equl ppe Qe irring
for one h RT, t heacypmyyaffording @35 gr‘ér?ﬂm"fgg%af‘ﬂéslﬂ \ x)°a198 tﬂg%’
pol yneri zati on tprwi-n16800JPDy=1.48 addition of THF, water (1.00 niL) and
the resulting

ether. The solids were renmoved via il e X 5
filtrate concentrated at reduced p r n dr.i er. :
vacuum af fording 2. dnagdmb%é‘h%?eé. éﬁéﬁﬁ b sa(%’ @ﬁ% SR 11300,
Mv = 16800, RP =(55/458nol %, 7.00 g) and acetic anhydride (0.50 g) were placedinZSrak vipb
Exanpl e 3 ; ~ ' X A fbdinGal BF bde INRIOT, ¢ ViR vebs reméled( 3. O
g), THF/ 3- Me- THF"W""?%’éﬁ‘fgs‘i?r‘ré g‘&g‘ P50 8) and acet | ¢ ‘anhydr ldant Q.0 )
were placed in afrom the diyjbex and the polymerization terminated by the addition of 13F, Wate
' (1.00 mL) and ether. The solids were removed via filtration and the resulting
filtrate concentrated at reduced pressure and then dried under vacuum, affording
25  0.70 g of polymer. GPC analysis (PS STD.): Mn = 8080, Mw = 12400,
PD = 1.54.

Example 10
In a dry box, the final product of Experiment 9 (0.50 g), THF (3.0 g),

THF/3-Me-THF (55/45 mol %, 7.00 g) and acetic anhydride (0.50 g) were placed
30  ina20 mL vial equipped with a stirring bar. After stirring for two hat RT, the
vial was removed from the dry box and the polymerization terminated by the
addition of THF, water (1.00 mL) and ether. The solids were removed via
filtration and the resulting filtrate concentrated at reduced pressure and then dried
under vacuum, affording 4.53 g of polymer. GPC analysis (PS STD.):
35 Mn= 12200, Mw = 22900, PD = 1.87.

Comparative Example 4
In a dry box, Nafion® NR50 (0.50 g), THF (3.0 g), THF/3-Me-THF

(55/45 mol %, 7.00 g) and acetic anhydride (0.50 g) were placed in a 20 mL vial
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equi pped with a stirring bar. After stirring for one h at RT, the vial was
r enoved fromthe dry box and the polynerization term nated by the
addi tion of THF, water (1.00 nmL) and ether. The solids were renoved
via filtration and the resulting filtrate concentrated at reduced
pressure and then dried under vacuum affording 25 0.70 g opcpglosmbsn CGPC
anal ysis (PS SVY8%273 = 8080, Mv = 12400, PD= 1. 54.

Example 10 - e%uip ed witH &starifl§ Yarb After stireing fonavo hraoRTicthe vial Wagremoresht 9
(0.50 g), THF (3. 1&% et héted BPthe ¥difioOf THIF, Afleracet i ¢
anhydride (0.50 5‘)0 Fgrypl?oé‘caélgT &Jl}%lzgﬁgbéﬁ@ v_?aPPe_euimé‘E%’g Wih a
stitring bar. Af (kPO sili)and ethers Fhesolifisivese repapved yja hiltration FeSR e enpved
fromthe dry box gipde LéiRemededdR kéduddd pressineand theh dfiedyndehreacuum, affordidgi t i on

of THF, water (1.0 nd e . Th S. £obRTREL 1996h
filtration and tl%eoqrggé{ﬂ“?mﬂ' b?’ﬁq’“ﬂyggé%én)(b{gﬁ?'r ‘la%ﬁadggt reduced pressure and
then dried PDmR@®. vacuum affording 4.53 g of polynmer. GPC anal ysis

(PS STD.): 35 Nhl = 1%3@:@11%@@%9@0&9@3& of thd present invention have been .
Conpar ati ve Exanp] e : ) . ln.a . i 5
g), THF (3.0 @), dFF‘Hf‘ﬁ’S‘-l jthe-fgregoing descrtpgxg?ﬂg%}%gf%d%g{%gg ?{ogln 'a:l:ned{l ﬁ%

anhydride (0.50 gt thatrthe inventiod is sapable of numeyous|modifications, substitutions,
14 \:?@ Ot orlen &nents without departing from the sEirit or essential attributes of the

PCT/ US97/ 009 equi d wth stirrin AN, f two h
at RT, the vial vtﬁ%enfléﬁoggfgmn"e stho'f‘ﬁ(?ﬁ“ﬁﬁ‘s hi\a %%dégn‘ggf‘ﬁ’e%%%f f}t}%gtrol tgétti on
terninated by t hefosgdingisperifichtidisas indicating the scopg of the igMeptialqd et her. The
solids were renoved via filtration and the resulting filtrate
concentrated at reduced pressure and then dried under vacuum affording 5
2.01 g of polynmer. GPC analysis (PS STD.): M = 9630, Mw = 19700, PD =
2.04. Al t hough particul ar enbodi nents of the present invention
have been described in the foregoing description, it will be

under stood by those skilled in the art that the invention is capable
of nunerous nodifications, substitutions, and 10 rearrangenents w thout
departing fromthe spirit or essential attributes of the i nventi on.
Ref erence shoul d be nade to the appended clains, rather than to the

foregoi ng specification, as indicating the scope of the invention.
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PCT/ US97/ 00930
clained is:

ethers using a strong
conprises, using as said strong 5

Imiﬂ”k"ﬂf’“ﬂﬂws for the pol yneri zg_ﬂ)rl\l/sof Cle

What
lic

Bronsted acid catalyst a f|uorinated

sul foni ¢ aci d WOAT2RH ng pol ymer, provided that said fl FSHUETRAI30
sul fonic acid containing pol yner: CLAIMS contains at |east
about 0.05 equival ents of fluorlnated sultonrc acid group per kg of

sai d fluorinat edVBeHis 8aMeddEi d cont ai ni ng pol ymer;

10

15

20

25

30

1. A process for the polymerization of cychc ethers using a strong
Bronsted acid catalyst, wherein the improvement comprises, using as said strong
Bronsted acid catalyst a fluorinated sulfonic acid containing polymer, provided
that said fluorinated sulfonic acid containing polymer:

contains at least about 0.05 equivalents of fluorinated sulfonic
acid group per kg of said fluorinated sulfonic acid containing polymer;

contains more hydrogeh atoms bound to carbon than fluorine
atoms bound to carbon; and

said fluorinated sulfonic acid is contained within the grouping
-CRIR2CR3R4S0;H wherein R!, R2, R3, and R4 are each independently fluorine
or perfluoroatkyl.

2. The process as recited in Claim 1 wherein about 0.5 to about
2.0 equivalents of said sulfonic acid group are present per kg of said sulfonic acid
containing polymer

3. The process as recited in Claim 1 wherein a ratio of said hydrogen
atoms bound to carbon to said fluorine atoms bound to carbon is about S to about
150.

4. The process as recited in Claim 1 wherein said cyclic ether has the
formula

O

wherein d is 0, 1, 2 or 4, and each R7, R8, R and R10 is independently hydrogen
or hydrocarbyl containing 1 to 20 carbon atoms.

5. The process as recited in Claim 4 wherein d is 2.

6. The process as recited in Claim 5 wherein all of R7, R8, R? and R10
are hydrogen.

7. The process as recited in Claim 4 wherein all of R7, R8, R9 and R10
are hydrogen.

8. The process as recited in Claim 5 wherein R7, one of R8, both of R?
and R10 are hydrogen, and the remaining R3 is methyl.

16
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contai ns nore hydrogen atons d to carbon than fluorine 10 atons bound

tcgnfgir ﬁgg; V"'a?ﬂ'm"mmmmﬂﬂml m said fluorinated sulfonic acid is
er and

_ . CR[err]R[err]CR[err]R[err]SCIerr]H
wherein Rlerr], "Rl érr}, R err] are each independently fluorine

or perfluoroal kyl . 2. -The process as recited i Hlods
wher ei n about E%E?{zzpﬁbout 15 2.0 equivalents of said sul fglr,ﬁga%m ds?group

gr e-T Ere esent per kg of ?ald Theprbéedsagreciciddn Claim 1 wiendimsaid figorpraiegdiselfonic
process as recited i
Sri St ihg folmdl i3 Ry dOIGEA Bpdylndl drbne br MBtebIdhA 00

atons bound to c

r on bout 5 to
about 150. s&iected from the group mmpmmfééky s apd an F@&efa“rP "ad°ﬂ%“ﬁ 2\wher ei n
sai d cyclic ethemRsppp-cHLS wherein RY i@ hijdibarbyl chstsining 1 to 20 carBén atombiewiéian d i s

nyorogen 5 oroRgivae S B PEE Rt CH IR ETCRTRISG Y, pheeRARENt Y

5. The process aanrmggqreﬂ?- thQ;IW?ﬂM @Wﬂ;’? band ogperfuorcalkylene containing 1t0 g The
process as recit &g dafbofylafthnt® aﬁdwﬁﬁ@:ﬁup cadthiniag ob¥ 6 hdre elieegrotips, MidXiy and

Rl err] are hydr ogen 30 7. The process as recited in Claimi4
wherein all of R[‘@ Rierr], Rerr] and Rerr] are hydr.ogen.

8. The process as reC|tOedThnp@mm&cmﬂeméﬂﬂnﬂﬁhﬁmﬂgr\%aEﬁvaép ¢, poth of
R[ err] rgéﬁ,gb].]wm&n Y ROV or ROE,)jOEFCPyRwhéreig dR§ 2t 20,iasd Keis hy | .

PCT/ US97/ 00930 uorme. 9. The process as recited in Claim1 wherein -
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15  said comonomer are about 0.3 to about 50 mole percent of the total numbcr of
repeat units in said fluorinated sulfonic acid containing polymer.

13. The process as recited in Claim 5 wherein said fluorinated sulfonic
acid containing polymer is a hydrolyzed copolymer of one or more olefins
selected from the group consisting of ethylene and an a-olefin of the formula

20  RSCH=CH,, wherein RS is hydrocarbyl containing 1 to 20 carbon atoms, with a
comonomer of the formula HyC=CH(CH,),R6CR!RZCR3R450,X, wherein a is
an integer of 2 to 20, RS is a covalent bond or perfluoroalkylene containing 1 to
20 carbon atoms and optionally containing one or more ether groups, and X is
halogen.

25 14. The process as recited in Claim 13 wherein RS is a covalent bond,
~(CF5),- wherein b is 2 to 20, or -(CF;)4qOCF,CF2- wherein d is 2 to 20, and X is

fluorine.
15. The process as recited in Claim 14 wherein said olefin is ethylene or

propylene.
30 16. The process as recited in Claim 1 wherein the polymerization takes
place at a temperature between about -80°C and about +130°C.
17. The process as recited in Claim 1 wherein the polymerization takes
place at a temperature between about 0°C and about +100°C.
18. The process as recited in claim 1 wherein said fluorinated sulfonic
35  acid containing polymer is made by grafting and subsequent hydrolysis.
- 19. The process as recited in claim 18 wherein said grafting is carried
out free radically using HyC=CHCF,R6CRIR2CR3R4S0,X, RS is a covalent
bond, fluorosubstituted alkylene containing 1 to 20 carbon atoms and optionally

17
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i izati i i i lysts is disclosed. The
An improved process for the polymerization of cyclic ethers to polyethers using strong Qrmsmd agld cata .
catalysts are zr:olymle’r containing snl?gnic acid groups in which the carbon atoms alpha and beta to'the sulfonic acid group are perfluorinated

or are bonded to perfluoroalkyl groups. The polymer also contains large amounts of hydrogen atoms which are bound to carbon atoms.
The resulting polyethers are useful as monomers and in adhesives.




