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(lBaz)et te. are converted to highly useful ionomers. One area of important use for ionomers
- o formed is in the area of lithium batteries. See for example Connolly et al, U.S.
15 Patent No. 3,282,875 and commonly assigned Serial Numbers 09/023,244 and
Serial No. 09/061,132.
It is also known to prepare imides from compounds having sulfonyl
fluoride functionality particularly fluorinated organic sulfonyl imides are known
in the art. For example, DesMartean, U.S. Patent No. 5,463,005, discloses
20 substituted perfluoro-olefins of the formula

T
CP=CF-R-X-S02-R

(SOZR)m

) where X =CH or N, Z = H, K, Na, or Group I or II metal, R = one or more
25 fluorocarbon groups including fluorocarbon ethers and/or sulfonyl groups and/or
perfluoro non-oxy acid groups, Y = perfluoroalkyl or F, and m = 0 or 1.
“Xue, Ph.D. thesis, Clemson Umvcrsxty, 1996 ‘discloses the formation of
the monomer ’

30 A CF; = CF-OCF5CF9SO,N(Na)SO,CF;3
by reaction of CF, = CF-OCF,CF,S0,Cl with CF3SO,NHNa in the presence of

Na,CO; ini acetonitrile. However, Xue’s method is not apphcable to the sulfonyl
fluoride species without ﬁrst protectmg the double bond.
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sul fonyl fluoride func- tional group. The imdes so prepared are useful in
a variety of catalytic and el ectrochem cal applications. (1) or polyner
conprising the unit (11) 1 June 2004 TITLE METHOD FOR PREPARI NG | M DES
FROM SULFONYL FLUORI DES FI ELD OF THE | NVENTI O\I This invention is di rected

to a method for prduahérWsdidted 8§ Xuc0dB.dt. GOOP hfﬁéh@ﬂ a :ﬁyilrdn%“
fluoride functd es. So 2are uder a variety
of catalytic a é§@M$ﬁﬁ 5'?4‘2?&? ?fzg" fo
Conpounds havilig inventers lergdf Haveidetemieinéd that Xies'eine@bd bPprép&atidl grokideyn i N
the art. In o ' I f f onyl

e 1D Gronetioh of lseVign S FRSSONIER RS0y NeF A ror &

mers for

fluoride 1 ave, been

copol yneri 2at i® gﬁgﬂﬂﬂnﬂnl‘%ﬁq’ F‘béﬁ“bﬁtﬂymdM‘ﬁM@mﬁmtﬁﬁene fluoride
and o';]hgr -I ol €IH;806NNaglafHigher gmcef]r*]mjsﬁrmmf ﬁﬁsoﬁ&dffg{%g@ﬂgrer S Wwhi ?h
upon hydrol ys [ ONG ORVEL; yusefu r e area o

i mpor t ant use@é?érlgﬁg ﬂlrs gﬁgpilgfﬁ%%aﬁ uﬁs?gfﬁstﬁa@ﬁgﬁ$§% 2AfFRRSt teri es.
See for exanpr%ﬂcééﬂﬁﬁlﬂ‘ib’céﬁsdfomlgfglefmﬁnﬂatent No. 3,252,875 and commonl y

assi gned Serial Nunbers..09/023, 244 and Serial No. 09/061,132. It is also
known to prepare inmi des from conmpounds havi ng sul fonyl fluoride.

functionality particularly fluori QI gﬁﬁ%gﬁ?‘éﬁéul fonyl- i mdes are known
in the art. For exanple,; DesMarte at ent No. 5, 463, 005, di scl oses

URIURCRYOLND [P ETHEre; NVENTI ON

2D substi 4t ed perfluoro-olefins of the fornula Y Z t | CF=CF-R S(err]- R )

(Sgerr]Rkmwhere X = CHor N, Z=H K Na, or Goup | or 11 netal, R =
one or nore 2® wmdm@hammt@rmmmcn@md* IB—O(DMFQS@QM@%)Q@Q@S and/ or

sul fonyl 97 URSAH AR b R L1 RrRc il ieRiten? 9, BEOERSE) zp%sag'gggf oal kyl
di scl oses t hec?aﬁ t(bpro uce an unusable complex mixture of products ue makes :
15 no suggestion that CF3S0O,NNa, is effective at convertmg sulfonyl fluoride
containing compounds to imides. '
MeuBdoerffer et al., Chemiker Zeitung, 96. Jahrgang (1972) No. 10,
582-583 discloses a method for synthcsxzmg RSOZNH», wherein R is
perfluoroalkyl.
20 Feiring et al., WO 9945048(A1), provides a method for imidizing
fluorinated vinyl ether monomers containing a sulfony! fluoride group by first
- protectmg Lhe double bond and then converting the sulfony! fluoride into an
imide.
7 Armand et gl, EPO 0 850 920 A2, discloses a method for imidizing
25  sulfonyl fluoride and chloride species coﬁtainfhg aromatic rings.
| SUMMARY OF THE INVENTION
The present invention provides for a process comprising:

Conta.ctmg, in a liquid dispersion or solution, a composition compnsmg a sulfonyl

7 amide salt rcpresented by the formua:

30 | (RzSOZNMb)3 bM (Iﬂ) ‘
‘wherein R2 is aryl, fluoro-aryl, or XCF,— where X is 1, halogen,
ﬂuonnatgd or non-fluorinated linear or cyclic alkyl radicals having
1-10 carbons, optionally substituted by one or more ether oxygens,
M! is an alkaline earth metal, b= 1 or 2, ¢ =0 or 1, M is an alkaline

35 earth when b is 1 or an alkali metal when bis 2 and ¢ =0, and M




the mononmer .30 CF2 = CF-OCF[err]CF[err] S err] N(Na)SO err] CFlerr] by
reaction of CF2 = CF- OCF2CF2SQ2C1 with. CF3SO2NHNa i n t he presence of
Na[err]CQO err] in acetonitrile. However, Xue's method is not 4pbhel8®de to
the sulfonyl fluoride species wthout first protecting the double bond. 1
1 June 2004 WO 01/40174 PCT/USO0/ 32672 Further.disclosed by Xue, op.cit.
Is CF[err] SO err] NNa[err]. g]g té}/aéc nb'gni CF3SO2NHNa and NaH i n THE and
reacting for four hours &t H N%@P g °THeWi‘tH\F}éﬁrﬂr6V’§°ﬂ@F§é?nﬂave
determned that Xue's neteqod tof vﬂfeﬁ}b&ratlon provi des a conversion of |ess
than 10% from CFSSCJZNH to CF3SO7/NNa2. No nmethod 5 of separation is

provi ded; nor is any I’OVI ded for preparing the CF3SO2NNa2 at
hi gher yield. Thus. noalmaﬂ?@Mr@rprsulfontddlubndemmmsﬁnmepmfﬂ@th]eNNaZ in a

hi ghly purified state. fmaSH%@E%:g‘gzt CF3SO7/NNa2 can be reacted with a
cyclic sulfone of the tor SQRCF(CF3) to produce the vinyl

. ether nononer, CF, = CF- N{?da‘)’l&ll&dﬂ?nmm]sofihﬁ matedynere is a
reaction between CF2 CFOGb2fhgihitéd; 3mdratddror Saeiiied iy dricaiy pﬁdﬁi&l unusabl e

offective at “LﬁnSferFfﬁS“‘éseepaa%}’ﬁu9fpa§ﬁré§av9°%oﬁh‘%??rﬁt'°” e A

Meu[err]doerffer et al. bﬁhm#@ore&éhﬁr@ﬂmens@rtdmhr}gamgoidrwmnfsb=2,10

582-583 di 5¢l oses a net hRd Pfiu ’&e{%ﬁ ??%?I
perf |l uoroal kyl . 20 Feiri glgecig 5‘323% rowgtles a ‘re‘t)’q]od for _
imdizing fluorinated v Yigse, ﬁ%ﬁ?ﬂ?ﬁfﬂu@@%‘eﬁ%ﬁ@ﬁﬂ@ﬂmgnyl fluoride
]glroup 3y first prot egtl mgztchfbod@ulbﬁ@ aﬂ;sﬁﬁﬁ%dﬁgﬁéhgz g:ﬁgﬂ@é'gth@g?,gﬂ%ﬁul fonyl
: uoride into an imde i.scl oses a
méthod for imidizing %5 ?Pgﬁmmf’%?q ggu% WR?F*“&B"Q’EBE?‘B% cont ai ni ng
aromati ¢ ri ngsmonGukNIRY reiFesehied biVENbInGidaThe present invention provides
foor a procé&ss conprising: Contacting, in a liquid dispersion or solution, a
. conposition conprising a sul fonyl am.c{@ ezRisgpymEented by t f or mul a:
.30 (R2802NI\/0)3 bMc (10) wherein R2 is arzél quoroP:ryI or XCF2- where X

is "H, halogen, fluorinated Qr, non. fluorinated linear or cyclic alkyl
radical s having 1-10 cavhesia R%jpeidindicrlseleatsd diomthegrenp eomsisiing obr e et her

oxygens, ' fluorinated or non-flucrinated alkylene, including oxyalkylene or
20 _ fluorooxyalkylene, but not perfluoroalkylene, and each Z is
independently hydrogen or halogen, and the Zs need not be the
same; and,

causing them to react to form a non-polymeric imide composition
represented by the formula
25 |
e (RUSONSOR Ty o
' M

wherein y = 1 or 2, M is an alkali when y is 1 or an alkaline earth
metal when y is 2, m= 1 or 2, where, when m=1, R! is a fluorinated
or non-fluorinated, saturated or unsaturated hydrocarbyl radical,

30 ' except perfluoroolefin, having 1-12 carbons optionally substituted

' by one or more ether oxygens, or tertiary amino; or, where m =2,

R1 is a fluorinated or non-fluorinated, saturated or unsaturated
hydrocarbylene, except perfluoroalkylene, radical having
1-12 carbons optionally substifuted by one or more ether oxygens,

35 with the proviso that when y = 2 and m =2, M may represent a
combination of alkali and alkaline earth metals;
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M is an alkaline earth metal, b =1 or 2, ¢ = 0 or 1, Mis .an alkaline 35
earth when b is 1 or an alkali netal when b is 2 and ¢ = 0, and M2 1 June
2004 is alkali metal when b =1 and ¢ = 1, with the proviso thatJurei2004ot
equal to 1 when b = 2 with a non poelyneric sulfonyl fluoride conposition
represented by the 5 formula RI(S®2F)m (1V) wherein in =1 or 2, where,
when m= 1, Rl is a fluorinated or " non-fluorinated, saturated or

‘unsat ur at ed hydr ocar®yin the altetoative, eRrelymerip émide gompoditién eomprising\mohorhar
carbons optionally sjgtd nore ether oxygens, or tertiary
~am no; or, when m= 2, E(#rbgeﬁédbg)ﬂﬁﬁg??{\at ed or non-fluorinated, saturated
or unsat urat ed hydrocar byl ene, except perfluoroal kyl ene, .radical having
1-12 carbons optionally substltgmﬁﬁ ' g et her _oxygens; or with
a polyneric sulfonyl fluoride c - P §1fg  no r units ,
represented by the formula 15 20 25 -[CZ2 R3SO2F)} wherein R3 is a
diradi cal selected fromthe group consisting of fluorinated or
non-fluorindted al kyl ene, including oxyal kyl ene or fluorooxyal kyl ene, but

not perfl uoroal kyl ene, %"?‘%gézl L2 qugg%gggﬁts%%ct%%%%@gﬁrﬁgai ggrenna

and the Zs need not be th d,” .7 causing

non pol'ymerie inide conp&endisting Ofﬂ@pm%@@wﬂbﬁumteﬂ@lwm, inchuding

{R1[ S2NSO2R2) n}y M whergidlc)ers br ﬂﬁoraoxymlsneam%bm}ﬂuomg@leﬁeI s | or an
al kaline earth nmetal wheny is 2, nr or 2, where, when nmrl, Rl is a
fluorinated or' non-fl uo@%@dﬂdeﬁ%ﬂdﬁ‘ﬁ]ﬂt ed or unsaturated hydrocar by
radi cal , 30.&xcept perfl Mdmmaﬂhqlogm/whgemthﬂm@mtmmem?

substltut ed by one or vﬂ{eretggggaﬁﬂog’gﬂﬂgonﬁthere m=
2, R is afl uor| nat ed or nat at ed unsaturat ed o
hydrocar byl ene,” except pé‘PF‘I {W@ﬁ@fcw ving:b 1@ gafbans,

. optionally substituted bppﬁmﬂgrsumecbbﬁeme aw@eleﬂxer oﬁﬁgens M it he alkalivi SO
that when'y =2 and m = g MARY of GPIRARN cafth metal when v is 2.

15 As used herein, the term “reacting” is intended to mean allowing orto .
allow at least two components in a reaction mixture to react to form at least one -
product “Reacting™ may optionally include stirring and/or heating or coolmg

BRIEF DESCRIPTION OF DRAWING
. Figure 1 is a representation of the apparatus employed for determeng the
20 volume of hydrogen gas evolved ﬁom the reactmns described in the specific
embodiments herein.
DETAILED DESCRIPTION
The process of the present invention represents a simple methed of
" providing a very wide range of imides which can be readily and vanously ion

25 .exchanged to prowde superacid catalysts, electrolytes, and ionomers useful for
-electrochemlcal apphcatlons .

In the practice of the invention jt is not necessary to first protect the double
_bond of an olefinic or vinyl ether prior to imidization. The imidization will
proceed without attacking the double bond. A

30 _ Equally useful is the imidization of a polymer comprising monomer units

of vinylidene fluoride and monomer units compﬁs_iﬁg a pendant group having
- sulfonyl fluoride functionality, particularly a perfluorovinyl ether
. _perﬂuoroa]kbxysulfonyl fluoride, such as described in Doyle et al.,

‘WO 9941292(A1). The methods of the art for. converting sulfony! fluorides to

35 imides are not applicable to the copolymers of WO 9941292(A1) and others
embodiments containing vinylidene fluoride monomer units because of the base
instability of the vinylidene fluoride moiety. Application of the methods of the art

4



conmbi nation of alkali and alkaline earth netals; 3 1 June 2004 or, in the
alternative, a polyneric imde conposition conprising nononer units
represented by the formula {- [C72CZ(R3BS2NS2R2)]-) v M5 10 JuBevhe4ein y
=1 or 2; R3is a diradical selected fromthe group consisting of
fluorinated or non-fluorinated al kyl ene, including oxyalkylene or

fl uor ooxyal kyl ene, but naqt perfluoroalkilene, each Z is independently

hydrogen or hal"8g8HR ei7aEs fnd Hicgepi adgtion ef the @olymes backbone in ar y| |
fl uo][ Io- aryl, t oaﬁﬁSEHE{el : ﬁéﬂixoridb*b@lm i Ség ol eﬁgh%:iﬁbthéd ofahé 1%%%{1 i¥ention
non-fl uorinated_li.near or cycli radi cal.s .havi ng .1-10_car bons,
optionally subﬁr?‘fla?s?r%%?vg%@“éﬁ s lgf‘ﬂ‘éﬁ&e %&f&“‘%ﬂ}d@%ﬁ“‘éﬂl li  when vy
is 1 or' an al kaehiamngpolymensovitioutdiepradatios oPthe pelyuse badldbone.n, the term
"reacting” ks inten ' « at | W0 _conponent s
in a reactign m xt u(rigq%et ?eact-v‘t?%io?’\gtrh?n%ar?{ lhggrsot%kéggrg@%‘,rnggf@g@;&mﬁ&&i ng"
may opti onal | y moncrasdical eqnsisting gf easberandhwdrogsy. Incledsd|in the temBRI EF _
 DESCRIPTI O CF Ry Pl eycloalid SEYICROTAIRY | 0 Rl kI SIBPRAT A4S
enpl oyed for erginin e ,»20 volune o rogen gas evolved fromthe
r ggc t ?/ ons desc ?‘?‘B’e Q}y Fif?':gﬁ]?@ﬂ%e’é iefqpioy 5’8?1?1% Fg‘%ﬁa r"gPﬂ?“%E’fAPLbEB and
DESCRI PTI ON Théygirogee sBothhydtvearbylbmeitydiavadiyiene radiexi, as employad hérall, € met hod
' LAS] ' ans b eadi | y, and
&t c{gmg uRsfahlrgngﬁ gﬁ'ﬁoﬂ\-’@éfﬁgn gg:ﬁ'dsr gx%e[ ér rg%qe e

-~ of . providipg %Xfaﬁﬂ
variously ion - exchanged to_provi super aci a : ol ytes,

and i ononers u8¥Yasms.fasd may)hepartidly onifully flugsisrieda Essantially anyt hnlrpraabylioze of
‘the invention hjdrosarBflbndvagRAISAEitdble ifo'tﬂﬁtprmgﬁhetiﬁ@qnﬁeﬂék@eptﬁﬁf‘d of an .

W thout at t ackiHiFsE @0 IRE BExBuRraIcEadt Bpnal e Seebiatte R preetvol | on of
a pol ymer conpthieshveptiomnBerfnonowinysetherf funétivphlitydeveibis braferrad AT iR eher
par i cul ar 1y o Rery T Brap CEeE IR R opfithe Bbihe bRkl Brob Cor Ve, sueh
as described i GFeRyl-©-dtnationly syiteljo hutig alsp preferree et hods of the art for.
converting sul f onyl Inf duéQipedest the prederd invEntles dinbtalailfoRPPirhiad Bhies KRidde
¢ OP‘_" ynmers. of t\ﬁg fgr%ﬁﬂaz 8&%6%2\!1\?59_ ﬁtcrlﬁrl)sare found to be highly effective agents for
e preparing imides from a wide variety of compounds having a suifonyl fluoride
- 20  functionality, both from polymeric and non-polymeric species. In the dimetal
sulfonyl amide salts suitable for the process of the invention, R? is aryl, fluoro-
aryl, or XCF,- where X is H, halogen, fluorinated or non-fluorinated linear or
cyclic alkyl radicals having 1-10 carbons, optionally substituted by one or more
ether oxygens; M' is an alkaline earth metal, b=1o0r2,c=0o0r 1, M is an alkaline
25  earth whenbis 1 or an alkali metal when bis 2 and ¢ =0, and M is alkali metal
when b =1 and ¢ = 1, with the proviso that ¢ is unequal to t whenb =2,
Preferably, R2 is fluoroalkyl having 1-4 carbons; most preferably R2 is
CF3-. Preferably, M is an alkali metal, most preferably sodium, and b=2. .

REEE
N "

| In one c_mbodixhenﬂ a non-polymeric sulfony! fluoride composition

30 represented by the formula R1(SO,F)p, in liquid dispersion or solution is
contacted with the dimetal sulfonyl amide salt-(ITT) to form a reaction mixture.
m=1or 2, where, when m = 1, R1 is a fluorinated or non-fluorinated, saturated or
unsaturated hydrocarby! radical having 1-12 carbons optionally substituted by one
or more ether oxygens, except perﬂuorooleﬁﬁ, or tertiary amino; or, whenm = 2,

35 Rlis a fluorinated or non-ﬂudﬁnated, saturated or unsaturated hydrocarbylene,
except perfluoroalkylene, radical having 1-12 carbons optionally substituted by
one or more ether oxygens, preferably m = 1. More preferablym=1,Rlisa

perfluorovinyl ether represented by the formula
5



embodi nents contai ning vinylidene fluoride nmononmer units because of the
base instability of the vinylidene fluoride noiety. Application of the
met hods of the art 4 1 June 2004 result in extensive and unacdelpnaBfed

degr adat w@® oplessfre pol ymer backbone in vinylidene fluori | ni ng
pol ymers. The net hod of the present invention provides fgfhﬁ'gs%@?@?on of

sul fonyl fluoride to imde in vinylidene fluoride containing polyners
wi t hout degradation of the polynmer backbone. 5 In the present invention,
the term"hydrocarbyl" is enployed to nean a monor adi cal consisting of
carbon and hydrogen. |ncluded |n the term "hydrocarbyl" are al kyl,

cycl oal kyl , aryl aryl al gy I ar he term
"“hydrocar byl ene" is enpl oye%l o rrea %2 ah"@lajn_ctgﬂsq gting of carbon and
hydrogen. Both hydrocarbyl and hydrocarbylene radi cal s, as enployed herein,

10 may cont ai nvmn&"lﬁﬁpep@rﬂsentoaﬂmwlnt@m&mﬁg QG:Elobppq,gan;@Jor nore

et her  oxygenavosapekfErayiyvine =Ralli @ I at’ Essent ially any
hydrocar byl or ° B ocary %q(ﬁ;z{n‘d J%é&@léﬁguﬁ’%ﬁl a.ch} r?é practice of the

i nventi on except t thepregens pithe irvention maebs contiunted inahal | ty are
not sujtable fabsenbénef qurme:t liqaidafiueritheniVPtdian her
functional i ty:%\é@iﬂ@% é’g eé"ﬁ& E-lfigx TP%’ t he %exfﬁ%{z:{é’ﬁ’iﬁ?'km@b %ng:[ err]=
CF-CF2- is not Buitable REt FONEVeTy ioihp 2 W@cwlq@m only = -
- sui tabl e but ﬂ?%?"é@nﬁ?%‘fm@@é mhomagmecmsb'emd isfpotchtiallyrsabjeat td sidedt i on,

di metal swbf odyd ftions Théefdra\t 8

(Rlerr]Sqerr bNﬁnng]h};Eﬁrd’al& [ ] Sil’:{elf{ﬂllil‘;?d %?%H%unchmegs Ofrfhe mvyntbqnf ective
agents for . preparin tfﬁ}’r’#cé %@@%’B@F?lléwdﬁz@nﬁmﬁhmaxg a -
sul fonyl fl uo@d@ﬂlmlff@lh@m fonaielprgqesbofﬂieiﬂ\ﬁﬁhmhh’e"\i%ﬁm{?ex&ﬁ% #ORotPOl yneric

species. In t%c%d%h@il({ﬁ%% %H’ﬁleﬁff@sge](tq?%}é%ﬂl[té%?l v c{b%rg}; a%h?sg?cess of

the i nvention uoro-- - ary

hal ogen, fI uofe ﬁ%‘f%@%ﬁ’xﬁmﬁthqlﬁ%ﬁwﬁm@e}m ﬁoﬁbﬁﬂtwea&%(ﬁqfﬂteaé&qﬂ radi cal s
having 1-19 cRrefares liguisisiacnethéry, ineloging THE &itHesODRISY, aﬁﬁﬁe@ ant her oxygens,

Mis an al kal t t |sanalkaI|ne25
earth when b klﬁﬁﬁ%ﬁ gﬁ%l%@%&%ﬁ“%‘@ﬁﬁ@?@ﬁfm 0, and Mis alkali
metal when b = 1 hhfireactionmaypa sondhesedatanysempirarabdrsesanhelfisdzidgd 1 when b

= 2. Pref erahidsboﬂa%mmfdmw,aatmmdmem Reofh fH{3AAz b eg??fefgcgab'y R2
era um and

Is CFlerr]- i s.an .al kal. ]
b =2 In ongtﬂ'l’sg'li fagtgﬁémtﬁﬂ% refrSrd 581 ﬂ’é’?‘?”é@ﬁﬁﬁ%wpﬂlmwmwaﬁposltlon
30 represtht e@ﬂweﬂlﬂeﬁmm(ﬁcﬁﬁ‘esmt]abls@ahm}dﬁ[mﬁpdmm tb 6OREC Fhofl Sper si on or
solution is clg-efeﬁ@aed W th the d| rretal sul fonyl amide salt(lll) to forma

reaction rn'xturé.,@f or ; when m=1, Rl is a fluorinated or non
fluori nated, satur é&%ﬂ%%ﬁﬁmﬁfwlm@apﬂpma@md dacoriling 1- 12
carbons opti Ooahdaps serbsibalyetpdoyey vt arQr nNDre et her oxygens, except

per fluorool efin, ALk is a fluorinated
or non-fl L%OI’I nat egﬁ saf rrgftee ggfl&tgjdr}sa ?%@BWWP%&&‘BWH%‘I‘EPW duct o

of the process 1s most preferably as represented by the formula
_ _CF_fCFO—[_CFzCF(CF;)-O]n—CFZCFZSO_-,_N(Na)SOZCF3 {VIII) |

| where n=0 or 1. It is a particularly surprising aspect of the present invention that

30 the conversion of the —SO;_F group may be effected without the necessity of
protecting thc double bond. The product 50- formed, (VIII), may advantageously

N be employed as a comonomer with fluorinated olefins, non-fluorinated olefins,

ﬂuonnated vmyl ethcrs non-fluorinated vinyl ethers, and combinations thereof
Preferred comonomers include ethylene, tetrafluoroethylene, hexafluoro-

35 propylene perﬂuoroalkyl viny] ether, vinyliden¢ fluoride, and vinyl fluoride.
quolymenzmg_l_‘the n_lonome_r.(Vm) with a variety of co-monomers may be

effected for example according to the teachings of DesMarteau, op. czt or of’

Feiring et al., op.cit. or, more broadly, may be effected according the methods of

6



except perfluoroal kyl ene, radical having 1-12 -carbons optionally
substituted by one or nore ether oxygen, preferably m=1. Mre preferably
m= 1, R is a perfluorovinyl ether represented by the fornuliaumel0ddne
2004 WD 01/40174 PCT/ US00/ 32672 CF2=CF--O [ CF2CF(R4) - - 0z] n--CFZCF --
V\,herein Rlerr] is F or perfluoroal kyl having 1-4 carbons, z =" O or 1, and n

= 0-3. 5 Most =
or 1. In onZ eﬁgg%ﬁngték ’ﬁgewpl)r@égg@%%é é]gorfnﬁg ?Sghﬂk§wﬁ‘g’%¢r&b‘&ded in
t_he absence ofeleatrocheraical applicationsii | uent when a sufficient excess of a
liquid Rl (Serr] F)éﬁé&&oﬂﬁaﬁéﬂﬂnﬁgﬁyfﬂn%ﬁﬂﬁﬁaﬁgﬁg Tt W0 pud IOV - |

t he absence of an,inert reacti on my procee nngeneously
and i s potenti P g Peton ereshangredp ihetithivmy frar by eontacting s

gr Ief er { edNt G cqhdmmbxe(\mm& difuté ﬁﬂuﬁdﬂ’@fﬂl@ﬂ% TIl—)IF qihe ipBRlerizh@dtsd t
i luen unmer qu ic or i ta use as an iner
l'i quid diluent @%ﬁpaatg‘agéoa/rc& Ee Fﬁ%‘?cﬂj@% m@W&&‘@&BﬁP&?@ﬁ?@%F@’ not .
strict beyond Iﬁrqﬂ.hechffeytednﬁhllbwed by éssexchangeswifi IafCélun&‘denlaﬁeltanS@%/ent
t hat di ssol ves - can
easily be fil t%ﬁijﬁﬁ%ﬂfﬁ%}ﬁ%ﬁl qwééfi?ﬁfﬁ%%@f&&%ﬁ g THF,
nitrites, DMSO, afiddpHensed 2y Adrcoup nEum s dtovmth
-IIJ-HF ﬁDSttErIO;erfb@ﬁlthe'ﬁiﬁuﬁﬁgﬁEbﬁ Podltdn, bte conduct ed at iany tgngelrat U{e .
et ween e freezin 0 in e i,ner il uen oom
t.enperature has beegnﬁgﬁ‘ﬂ?f E’Ibo%gl%g E'ng@fl noride pp ?ﬁ“é‘ﬂl Bnbodi nent
- of the inventi onntaftedpathabediostd solfo0 amaxhamalte(ﬂii)andiqwcbdﬁpbréi&&ﬁcﬂuuon
suitable, with t o)
36 80 4 RIBRnhYERe ! TOBHRE ComMiel BidnBher Hf 1 l{gsr%g @y

“mxture is prefe y stirred or ot Se a accor

corrrmnl y enpl o °F-’-H“1ﬁhe art. Ina first preferred enbodi nent of the process
of the investion, the product 25 of the process is nost preferably as
represented by the forrrul a CF2= CFO_&%@&{ E g a CF2CF2SO2N( SQ2CF3

- (VI1'l1) where n=0 or 1. is a par g(:)s?r ?]pr|3| ng aspect t he
present invention that 30 t he conversion of the -SOerr]F. group maybe

ef fected wi E(}/lowh E@ngm ageous‘f&)ﬁ&ggﬁé;%pflggo%?%g% h%ﬁnatéﬁ‘e Ig)r oduct

so-forned, conononer
f1uori nated ol gfl?ﬁ‘&a £0e, bt ot pedlugrastiyiene, inpluding oraaliatlepe oy | et hers

non- f | uor i p@at efludtodyyalieiifie] snd 4l Z&lelﬁlie éideﬁﬂﬁ by &P&rflllalf eﬁfgfélr&‘éd I
conononers inc uor o upr o propyl ene,
~per fluoroal kyl- L q)??gf %e%ﬁ?ﬁi’@‘f ?{iéﬁgx¥%¥?&d3ﬂa§ ed yor i de.

Copol yneri zi ngem (Y is fepicsentedby thedorrmulaet y of co- m)norrers may be
effected for exanple according to the teachings of DesMarteau, op. cit. or

of Feiring et al., op.cit. or, nore broadly, nay be effected according the
met hods " of ACFz-CF- '

1
O-[CF,CFRY-0,1,- CF2CF2802F

)
25  wherein R4 isFor perﬂﬁoroalkyl having 1-4 carbons, z=0or I, and a=0-3.
" Most preferably R? is trifluoromethyl, z=1, and a=0 or L.
The polymer comprising the monomer units (IX) may comprise up to
50 mol % of said monomer units (IX). Comonomer units incorporated therewith
o " may be derived from numerous olefinically unsaturated species as identified in the
' 30 art including, ethylene, vinylidene ﬂuoride-(VFz), vinyl ﬂuoride,'an'd
combinations thereof to form terpolymers. Additional termonomers include
t_etraﬂtioroethylene, hexafluoropropylene, perﬂ_uoroalkyl vinyl ethers, and such
other ethylenically unsaturated species as are known in the art.




6 1 June 2004 Connolly et al., op. cit. The iononers so forned are useful
in a wde variety of electrochem cal applications. One area of particul ar
utility is in lithiumbatteries. For this purpose, the produttjun®@fdbrer,
(VI1), waise1iMon exchanged to the |ithiumform by cont apCrageefzéerzhe
mononmer (VI11) with a dilute solution of LiC in THF. The pol ynerizations
I ndi cat ed above may then be effected. In the alternative,

t he-pol yneri zations may first be effected, foll owed by ion exchange with
Lid in THF. In an alternative enbodinent, the preferred sodiumimde of

the invention can mrﬁm&ﬂy@%mmorﬂﬁwge@pﬂ,g,ﬁﬁnﬁé}”ﬁ tclr%? Igﬁ,ll g folloved
n

by treat nent umsalt.to. formthe conposi tion.

In a further en%'ggggy% c<’asdsu Pt oSt ATe S TP B RS 200! %S BIonPEr Ynits

cont act ed wi t KDfradgpmenemerguits dﬁwcdafrmd&fF§,ahnbst pteférpbliyrt leagpsiodnatiogper si on

onits ?LL?Q%‘?}’?"{*&‘““M@Q‘?%*%LWWF‘CZE%PE%% wj‘"@%ﬁ S ] wher ei n
R3 is a diTadi ve?P“%%ﬁhéé &g erﬂﬂ@@r"ﬂ%ﬂé% 1&mphyp affunfts denived4raml or non-

f1uorinated aVEglcembe smessﬁxﬂyrqmtei:llaawrdmgkyﬂﬁmocckﬁ@ﬂthéimﬁn@ﬁ@dﬁﬁ ene or

.20 fl uor'ooxyﬂé%h%ﬂgm i?‘i'x?zﬁﬁ Eﬁéﬂsﬁgm@%ﬁ entl h%d(%:)gig)r'\ I;(:;(r:()hal ogen, and

need not be the sa I'S "0X nd preferred
enbodi nent (V) EB°°F‘@B%E‘H¥IE%FS H-?e W@Oﬂﬁ)@fﬂlw aleQlFf.@Hﬁg imides from sulfonyl

O[CFZCF(R Oﬂamﬁsaa:&sea&aﬂsmthqf Vi nyothoR&hd Wl ARldoHls opavi ng 1-4
car bons, 8_‘0%111%1‘ o refer hly RA IS trifluoromet hyl, z

= 1, and a mﬁ:%e po W%@% AgREY ofithe g@at(tqck) my
conprise up t@ewlmb%mn%@uammn@mvcmm@n@hx) Cormnorrer units o

i ncor porated ther e%érélsdb?én 149 BikrlidBi6n Bﬁﬁf@é@&@&ﬁ%ﬂ&tﬁ) e ni H'zl ene.

unsat ur at ed spec a en ed int art inc
vi nyl i dene f|ﬁﬂ?i’ng%%ﬁf?mﬁﬁ‘?ffﬂ‘e?w%}opd@lgamneeﬁhmmmm emselvenf to form
terpol ymers. belliquidsoatai nearomm eEmgresatirs ahd derefoet ekl ariaet é%&th@ﬁ'@m
hexaf | uorppro hers nd ot h
PP Eﬁ)ﬁﬂ)&ﬂﬁ nﬁﬁfu&] oK. ﬁ'o%l/ 1t[15 oenﬁra?IH 8re§u ryed to ejnp % e 2004

et hyl eni cal |y unsaéarate es as are
WO 01/ 40174 PERRER P@Q@refevabftq %ﬂh‘rea!efoyﬂmmﬂmweMm molesular setghtef of t he

i nvention is thegolyaey measﬁpsmiblﬁﬂyrmd lution PRcIERY be/eonmﬁ&re%ﬁ%?r ably up to
20 ol % of &Rl kT 0 ling oo S SRS R Y he prbtorres O
VF[err], nost pre rabl'y a BT "o pre
copolymer of 2 and comonomer (IX) is particularly well-suited to the practice
20  of the present mvcntion because of the relatively higher solubility of
VF,-containing polymers in non-fluorinated solvents than other fluoropolymers.
Numerous aprotic organic liquids are suitable for use as solvents for the
sulfonyl fluoride polymer composition in the process of the invention. As stated,
solubility of the polymer reactant is 2 limiting factor. Preferred solvents are
25  ethers, including THF, nitriles, DMSO, amides, and suifolanes. Ethers are more
preferred, with. THF most preferred. Because of the limitations on solubility
_ associated with high molecula.r weight, lower molecular wexght polymers are
preferred.

Suitable and preferred reaction temperatures are as in the case of the non-
30  polymeric reactant hereinabove described.

. For the,purposes herein, the polymer produced in the process of the
invention is rcprcscnted by the formula

{-[czzcm3sozrgsogkz)}—}y
' ' M
35



of monomer units derived fromVF2. It is a surprising aspect of the present
5 invention that the copolyner of (DX) with at |east 50 not % of units
derived from VF2 can be successfully reacted according to thé&Jpgn®2edts of
the invention to form the corresponding i mde. Because of the well-known
base instability of VF2-containing polyners, the nethods of the art for

form ng imdes §f Lfqpy. R3% é?aﬁé‘ﬁﬁs%&e@%ﬁ'ﬁﬁﬁfﬂ%iﬁﬁ& ymers

havi ng any m)re than trace “Anou eri ve rom VF2
because the i ni Bnoringipdgraenslucsinated allylenedneluding oxmalkplengerr backbone

causi ng ext ensi ﬂﬁ)td@ﬂfaﬂ%%ﬂeoé’ach'ﬂ‘ﬁ.fiﬁdépéndbﬁﬂ? BYarol B haldgh! @«Ebﬁﬂa @8 7she

nol ecul ar wei ght mer s itahl e for C e | nvention.
A i goreric pol yHé& 390% eﬁ Byl u‘PrP(j’EWld%r}gp oyWhare X is &b dalogeper at ur e
and t her ef orse aflworismted- csmbh-éﬁmﬁsatbdhﬁnéar@u eyelitTlic] saticaas limrnli@ﬂ-lm@hfﬁoné he
B oF e bl v Slrighbut Sy ABARO e SL6t bR YRR AR Yy e Y S e
pol yner i ncr easasalkaliseghith mejal avhgn ot 2t ansmllsmbkahmmMQnaabl ngl y
difficult pr obI% clagln[g ta.'li&FKn red
copol ymer of VE2 an lc?rrl;'g)gﬂ %ﬁﬁﬂﬁﬂﬁgrﬁtﬁu cu agkm%#aisuf?@é)o
practice 20 of hag @ vglepee =|1$1 tedifigEsat pol m&ch@%&aphefshenn@n@tpd
sol ubi | ity of cVE@Josmah,ahﬁs Wﬁ@hyﬂﬁ{eialh@cf@@dﬂhﬁ&. Lms zns'ﬁmsﬁ»m ¥gtngirghan
Use as o vent SEPEPeineOUTRERN BRIt skuBiedBtl e M s Be Posisao i e
process of the scgmertsoﬁthe smegbh’!mdpham.ol ubility of the polynmer reactant is
allmtlngfactor f
nitirites, DMSO, am ggmgp% ﬁ?‘? f‘eg%xgslﬁe(é%lﬁé ?’%@%‘?‘%pre é‘r%@é“ﬁe“
wi'th. THF most gows ef ﬁéb%l!f@eﬂoﬂ*mﬂﬁéalt (TH)-t Xue.opeitorteasbeonly apyocess
ass?CI at gd wér t hvﬂti)tlblgﬂsroﬂmee %ma!ﬁhﬁimhtstdfmmymﬁtﬁﬁitﬁhﬁa (WD dtde inY t be are
preferre ui e a rred reacti erat ures as, in the case
of the non- %‘tbe P’r”i’g %Qfg‘iﬂé(% TN f%w% Bposes
herein, the polhahﬂ'ruebrprdmepmdncddr@F with Memlmmmessdmm K%,
represent ed by ?ﬁm 2004
whereiny =1 M?Of%%ﬁg&ékg%l ca"lla%ﬁ ect '%%%E]r e group %é]r?‘s?ellﬂs i ng of
fluorinated or N?dﬂ@thPﬁﬁerﬁ‘&@%@mébﬁ?ﬁé‘P@W%@EﬁDﬁgP gsefarRy | ene or
f 1 uor ooxyabkyl ene, &athe pfodeSs biitHe RVRAE, kﬁédiﬁl@fa@ﬁlﬁibn?laﬁiﬂe%ﬁﬁwge' n the
re
yig

nal ogen, 5.1 1 uBPIRG AR S0NVins s (TR thokY Sriakls pboinesd st B vibd ool

i cals
havi ng 1-10 cahb@H3 R2 isptyil offadiroprd desXCF+tveibrd ¥ inHe halogem fleosindted coxygens:

Mis an al kal i spyififopinatedlinear or cyclic alkyl radicals having 1-10 carbous, optionally
| substituted by one or more ether oxygens, M' is an alkaline earth metal, b=1 or 2,
. 25 c¢=0or 1, M is an alkaline earth when b = 1 or an alkali metal when b =2 and
¢ =0, and M is alkali metal when b =1 and ¢ = 1, with the proviso that ¢ is not
equal to I whenb=2..
Preferably, M is an alkali metal and ¢ =0, b =2, and R? is a perfluoroalkyl
radical. Most preferably M is sodium and R2 is a trifluoromethy] radical.

30  The inventor hereof has found that surprisingly the dimetal sulfonyl amide salt
(III) can be made at much higher purities than in Xue’s process, purity of greater
than 50%, preferably greater than 90%, most preferably greater than 95%, by
contacting a sulfonyl amide or monometal sulfonyl amide salt thereof having the

formula (R2S0,NH);_,M",(VII), with at least one alkali or alkaline earth metal

35  hydride and an aprotic liquid to form a reaction mixture which is permitted to
react to any desired degree of conversion up to 100%, which is preferred. In the
sulfonyl amide or monometal salt thereof (VII), a=1 or 2, M" is alkaline earth
metal when a = 1, M" is alkali metal or hydrogen when a = 2, and R2 is aryl,

.9



an alkaline earth nmetal when y = 2. When y = 2, Mis an alkaline earth
netal. Settingy =2 is neant to designate that the al kaline earth netal
Min (11), which has a valence of 2, is bonded to two differdntunpdOpder
chai ns eWEnh014f0174he i ndi cated 10 conposition, thus servingpeynsoosicad | i C
cross-link. It is also possible, depending upon chain configuration, for
the alkaline earth netal Mto be bonded to two segnents of the sane

pol ymer chain. The process of the present invention is preferably practiced
with a purified formof the dinmetal sulfonyl amde salt (111). Xue,

0P, ﬁ]t tfachﬁmr@w ot XOR C%Sre)@-ﬁPl\/fHa eﬂrd?‘é'fﬂﬁs%nt}ﬁ%&ﬁrﬁé‘ftﬁh{m nts of

i ghly contam vent ar s resen ent1on have

det ermi ned by lglr%% orc&f/ J‘fqﬁ(ﬁg %?‘3 H%rln m@ﬁgl‘?}’gf’gau‘ﬁ"f sted by oBs e es s
produced CF[ errqreefhsr phygrig. elmrﬂ]nehwckidem\berasnmmrcofniomambﬁlamﬂf/or nmost of
the remai nder Mfaiifé SarftERyci uepopmmemjmauw %gﬁ bng mieral.

No net hod |s praovi d in the art preparin orm 20 In
t he procesg fpr%ﬁre'e‘ﬁgverﬁ?‘iwﬁ mayRIoGsed Ht Hpes Wi Freahhﬂ@dgﬁqugfedrtm ng

mat eri al ( R2SGRNwhdtRmly/differdnt kitges. shoul d fir st |tself be produced at high
.yield. In (H al ogen,

%/: uori nat ed(or) n?%r ?’%ﬁlﬁééﬂﬁﬁ%@?ﬂg}osﬁgmﬁ ZIXP\I‘&\@?“?'Q)&"P(‘SQF@HQ\}? ng 1-10
carbons, opti GRGHMy %§%%ﬁ@ﬂpﬁfe@@%ﬂnmﬁr@l focprepagimethe, M is an |
gl kalll ne eart hEBgﬂOgNNanreferﬂﬂ f&th@ﬁr&ess o@ﬂfbrprésenMn'v&tﬁﬂ m%f&?ecﬁa{tr men

=1 or. ,an | met a en
b -1 and 402 P05 gl Eesltifie SreferBl e fengiion uprapocecte Chndoorgten 2.
Pr ef er abl y, Mis epniipued wil pnfmtthﬁ otirristarting MatepiatisompldelR2onsmnted and o
‘per f1 uor oal ky|reacﬁé\§jét6ﬁ§ Mmiirefﬁfaﬁfﬁh@%%h%ﬁeﬁg%’%ﬂ S8 0o

af tha surprl singly

trifluoroneth he 1 nyentor here
the di metal é{nf’%a@ ﬁlmeﬂé%ﬁ‘&mat?’? F§man WheR reagtien icomplate-nMgFer puriti es
than in Xue'sppafeareliysthe pudrideyis addedraesiightly beloanstbidbionietif quiaatityy great er than

90% nost jprefer abl'me J?cﬁi??{mfd?@ﬂd w0 ﬂoH% sﬁpgltﬁ?e%tfk\r)ﬂ%%re bR m@m de or

nonanet al sulfonéF her eo
( R2SC2NH) 3- aMEPTOYF F9 Ve‘qu eRPlgyed isdhg propess af Rr&pmmaﬂmtalrselfeayltamxdmt al 35

hydri de and asale@}tbucthkiditétal swoﬁyaramx@e $2B 0T i1 XY I'me\ébiushu)b s permtted

breferrod. - 1nCHEtREH SAGRIRESH SRS b BikdR srdnet o blieiption” & -1 or
2, M is al kamwee@ﬁﬂbmhﬁﬁmlpmm@Hlpﬂilngmlfmwlatrk@salmﬂatstor hydr ogen
when a = 20 andnfd?% %r@éﬁbLyaﬂe@stbOM%%Q%préanQ %gésprg{%stﬁd 32672

ont oY S SRR E R ¥ s B B R o0
optional |y suberinaeovediefiped ndnyoconvemient nedthed knawprgiethe art fortsbgariyigy | de may be
of "al kal | and o R e RaRACmRY o, S EROL tomHHERS T D T
~ proceed in stgt‘é ﬁaiﬂ"t h different hydr| des being fed to -
: 25 While'it is preferred to permit the synthesis of (If) to run to completion,
this may not always be practical depending upon the aprotic solvent chosen. In
neat acetonitiile, 100% conversion is achieved in ca. 4 hours at room temperature,
However, in neat THF, six days of reaction are required for 100% conversion. In
the latter case, it may be desired to separate the reaction product before the
30 .reai:tants have fally reacted. The method of separation based upon the heretofore
; unknown solubility difference hereinabove described provides a practical method
for isolating the dimetal sulfonyl amide salt (IIT) at high purity when conversion
has been low. .

It has been found in the practice of the present invention that residual
35  hydnde left over from the synthesis of the dimetal suifonyl amide salt (ITf) is not
highly deleterious to the éfficacy of the process of the presentinvention. While
not critical, the CF380,NNa; preferred for the process of the present invention is

substantially free of contamination by NaH. This is achieved by employmg
: 10



the reaction at different times. Preferably R2 is perfluoroal kyl, nost ‘
preferably trifluoronmethyl, and M is sodium CF3SO2NH2 is the preferred
starting material for preparing the CF3SO2NNa2 preferred for 1Whee godtess

of the pwesAmbiMnvention. The preferred 10 aprotic |iqui dpeposseheni trile.
Preferably the reaction to produce the CF[err]SOerr]NNa[err] is continued
until one or the other starting material is conpletely consuned and
reaction stops. Mire preferably the stoichionetry is adjusted so that only
trace anounts of either starting material remain when reaction is

conpl ete. Mosty; h=1al] ; - ' ' bel ow '
stoi chi onetri Tglgﬁ&%ﬁéﬁ? %%St%ﬁglismu#%%g?ﬁrgﬁggﬁgﬁ% Rgéﬁc%'%egé’fg{?{h%e:qyt t her eof
(VI'l1) are sol ng that yhen the rescrien agicyen full compersipadthe NaHhwillheocess of

pr egari n? t?e exlhamsted| Aaykekanybf mais@ieblesmbxh{ddidtég}? ,NHQa i a8 tAl I sul fgnyl
am de salt (HL),.l L 1o upi Lit iTference is_.e oite
herein to sepgérpzﬂa}% thewr eaC‘t|1gﬁﬁ%?%8%tgﬁe%%ﬁ¥ﬁsé“$gﬁﬁ#‘@ﬁowﬁfﬁ t and
obtain a cdnposi t i BhPrEPATREths dignesal isplforpl amidedelt éUN tichaabe¢refonnd BBt t6O nol %
pr-leI er abl_yw-at"cbrﬁﬁtﬁfent &Q,gmdtrﬁ%ifmﬁk?@éﬁ%g%g&ﬁmﬁ%d ibn%ﬂb tor@ci‘ﬁﬂ?lth%?ithi?f _WhibCh
salts are rept n .hg fo a (. ( -bMe ", (nn, . as .. herei nabove
defined. Any 'E%z‘%faeﬁiﬁgr?{% r‘%{*ﬁ}?&“&ﬁ%ﬁﬂe ?‘Wema't‘%m?tﬁlrsagé*ﬁ;?%ﬂl}awmé@ ids from
| i qui ds nmay -bepenplieyidto fomal seditiog. following withnaddiser of theiyiride afiertie ‘
distillation. saBioldsGorded Fi - R ; i I11) to
run to co Iefi on th?s cm? %fﬁ%gg&% pracﬁckgﬁ%égggﬁi%r%wg%%i t he
aprotic sof velftPooRE@sHen 915 ‘XY@E F £QUVERSION1 00% conversion i s achi eved
in ca. 4 hours at Acointlemupesdture dor prejfmny elie ditigtad e@lfonyHirids isx s of
reaction are GQfHL h&delPlhe HAA% ﬁ%‘ﬁ%ﬁit@&;i#} J:he él otn?ert..clﬁsetg?{ may be
desired to seﬁpééq%s I%Qﬁegé)rég{g%f@gr%é%% @p}gf? }%g%o_ ?ﬁ?c_qélﬁQS have fully
‘reacted. The 4] ¢ T theeprigice obthgnevenborkieown

fsolju_bi | : ty di édrﬂh&ﬂlﬁ@pﬂ@eéssioﬂ&i&?ti&tﬁeﬁﬁﬁobﬁﬂex'ﬂ %?ftf:‘sﬂé‘w&feﬁ%ﬁihﬁﬁhatmt uﬁd

or isol ating,. . .0 am de sal; t high purit en
conver si o{n3 h%‘é %ggﬂb‘%%t\‘/lv?ésf?sﬁtt_m Eégerﬁ%agﬁo?.oﬁ- e&ﬁs't%ﬁéﬂf”g@ﬁp@gmﬁ‘ft he
present i nventhednventien. apaianittile ks @Eplpyadrasdle Jobfent anacemperaturd bigweamnt hesi s of
{the dimetal soid ado-erprdferday bothvkbd JookPrehBbrankt 8 Jo-RehBbELLANEY 0 Lhe

v

efficacy of t rocess of the present i1nvention. Ie not critical, the
CF3SO2NNa2 prgﬁgg?nerao?]&m{’%mﬁ%@gé%&of the present invention is
substantial |y freeApioticerivens suitablerfobpreplaidg thrdisnctal salfriye wathelaylt gapl oyi ng
10 1 JunesgO0houlBabbdliely BELPRANLI30I ol i ad 3% b e

|
stoi chionetric anmount . of Nalxi In 1ts preFara | on, % | NSUF i ng that

i
when the reacVT§ SresHony, & cxamplede forgy GF O NHNa spd NaHi androvdsgsaust ed.  Any
excess of t herona fabinekinp tenifediainetetd 3G Mg Ins Re®irkd embeRRER, d by

washi ng/ F111 trgisivQfh foufil SRisrlfoe) & ARbiky YSLOduhl RSfing ShlediQhs s 824 vent -
o - orequal to ca 500 ppm, with water content less than or equal to ca.’50 ppm more
) 28 - preferred. - Acetonitrile is quite hygroscopic, and care should be taken in handling
' ’to avoid water contamination from the atmosphere. o )
- The preferred apmﬁc solvent for the preparation of the dimetal sulfonyl
- amide salt (IIf) comprises acetenitrile. Acetonitrile has been found to accelerate
~.the conversion by a considerable amount over other aprotic solvents.* In neat
30  acetonitrile, essentially quantitative conversion is achieved in ca. 4 hours. In the
.- presence of as little as 5% acetonitrile in the THF taught by Xue,op.cit.,
.-:essentially quantitative conversion is achieved in ca. 25 h. These results contrast
starkly with the six days required under the conditiohs taught by Xue.
It is found that solvent selection has a tremendous effect on the rate of
.35. conversion, though maost aprotic solvents will lead to high conversion over
. sufficient time. Acetonitrile is highly preferred. Other aliphatic and aromatic
nitriles, while suitable, do not appear to be particularly better than the THF ° :
employed by Xue but may be employed as substitutes for THF. Suitable nitriles
11




5 In preparing the dinmetal sulfonyl amde salt,(Ill) it has been found that
the -conponents of the reaction m xture nay be conbined in any order, but
that it is preferred to first nmix the sulfonyl anmi de or a noidckpeaD04al t

t her eof WOIOL40th the aprotic liquid to forma sol uti oneC¥usdoseémag with
addition of the hydride after the solution has fornmed. First m xing the
hydride with the aprotic solvent has resulted 14 in poor reaction or

sl ower. than expected conversion. A suitable tenperature for preparing-the
dimetal sulfonyl amide salt (I1l) wll lie between the melting point and
the boiling picidedighenalkyiminilése dinitgles suchsmladiponilrile] benhasitdleend ipund to be
satisfactory fige. Gﬂﬁrﬁﬁﬁ%'sﬁﬁe%lﬁcmeeﬂl\é@bhﬂqﬁ ﬂ}gﬂﬁ; the Brocess of

the invention roam t enperat ure. ‘However, soma
t enper at ur es FggTBP{aUP?F qug{r@ﬁe $QIYRILS 387 alsp Auitale. m)st pref er red enbodi ment of
the invention, aceAapbf thenetisistepinyedt, abnt beinsdmbaktion) prévileaper at ur e

- between 0 a enperature and 80C, nost
pref er abl y§ bglghmggﬁn%g%gﬁ&nggggpﬁre ancfség@rb %aémsdbﬁ“ﬁ‘&?ﬂr’s"vﬁp’f:abl e for

preparing t heP@fifstofXusy The highlyprrified Somm O(GRZSPZNBQ)ﬁgMUI(ﬂI)bgexemst antially
free of wat erthaid\&b'%l’ lmmﬁﬁcmbeeaﬁﬁﬁaémmdh@mg%é fefhBés hée'élﬂragsc%écﬁg ' on,
-for: exanpl ey 3802 HNa and OH, and praovid rout e makl ng
a sul fonate |ns€ %mf PGS of tE preset H’B‘bEﬁ"H’E‘l’i{‘gP‘i‘YFnﬂ-ﬁiﬁ% been

f ound satlsfa&@r(ﬁ),t%h@m{ld?s Huepwity therdof deyeniding divattby umanhepirity @S t han
or equal {® Cﬁgﬁ dpsﬂ%e\‘}iehi%d%? ﬁgmr?ﬁ@re.h‘aé&r&m&e%p B orbQad. 2 PPM
5‘

nore 25' -pre Acefonitrile [s quite hygroscopic,”and BRoul d be
taken in hand puritigs, oLgrgater than ]3%cont ani nati on from the atnosphere. The

pr leI eE Ir Ield) aprotic 'Bmatmnsphbmrtot\ﬂﬁcmeﬂmﬁmntseﬁo@l aimﬁbgajtr(g%)a}ge dponyl am de :
sa co, BGShaRN as been_ foun
accel erate emg?)%\%gr s on %%E hg‘gﬁgc%;r ab wa%ﬁﬁﬁ%‘fm%‘éefmﬁ?%r”félﬂ?%t i C

_ solvents. %ﬁ PH%Q?"%"*’&@M‘S#P be highly. Ség-%féﬁt Highey leyelant ivawt vaper conver si on
~is achi evisd i toncentradiom eaii e toleratéd) ut 1p§kﬁ:'i1ﬁﬂ§@mﬁfers?&d| thdtlthEnidRer 2l

_acetonitrile Aught Xue entially quantitative
conver si on |s‘b£al?:¢1‘p’§ %‘n caonﬁg%ﬁ %re’r & gF5a ri‘%ﬁ’rﬁof‘ﬁ’é‘i‘nat’é’f‘éiflﬂl‘& with
the six days JubsfdpensdeastionrAs Agensoalditle] tha dess wating thobetbéncin whatever f ound t hat

sol vent sel ecihgirpn has a trerrendous effect on the rate of .35. conversion;
t hough nost aproti zol vents will lead to hi gh conversion over sufficient

time. Acetonitrile dﬁ%atﬁ}oé?léef‘? & useq kzeingeiepsia ap anbysdaousr omat i ¢
ni tril es,20nhidtmosphitediaving advaterotapapqeeeenttationerf Jess thak td. 30lppmbat fs@bt t han t he

tries 11 Toune. éjz?“ “W’“%o1749%%&26*8%35%%&'; R RN al kyl
nitriles, di rﬁcf?“i‘? Wﬁ%‘“%?‘ﬁ&?ﬁ"ﬁ 79 ia dry aitzagan Pqu’th@’ noarrdemipally | i ke.
Ot her suitabl a«enwgasmtﬁmmd.gadgh@wmf $s pr%ed DMSO, DMVAC, and ami des.
Conbi nations of s lfﬁ tdﬁpéfgxr&iodﬁ(tﬁgd 3f fHefard e o n?eltae] ‘sulfonyl amide salt
: 25 (1), CF3SO,NH; is dissolved at a concentration in the fange of 5-10% by weight /
in acetonitrile in an inert atmosphere such as nitrogen, Athigher concentrations
good mixing may become more difficult to maintain as the insoluble
. CF380,NNaj, product begins to form, creaﬁng a dispersion. Therefore at
concentrations higher than about 10% by weight, other forms of agitation may be
30  preferred over simple stirring, such as muaéonic agitation, or microfluidization
such as may be achieved using ziMicroFluidizér"“ available from Microfluidics,
Inc., Newton, MA. : - - |
While maintaining the inert atmosphere, NaH 1S added with agitation
continued until the reaction is complete in about 4-hours. Hydrogen gas evolution
35  rate, determined by any convenient method known in the art, has been found to be
an effective indicator of reaction. The cessation of hydrogen gés flow signals
completion-of the reaction. S
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Any of the nethods herei nabove, alone or in conbination, provide a 5 highly
purified formof the sufonyl amde salt (111) in dramatic distinction over
the practice of Xue. The highly purified formof (R2SO2NVb)34JNne20¢4 1),
greater than 95%purity, which is readily achieved using the nethods
herein described, is then suitable for use in the process of the present

ther eof °3e82ﬁ33ﬁ'g”3. P i, R Bl onhe pacfiuafgifimantEadil ots
of preparati on intntons efdbe prabliticner bereodh AAddingd slighd exatssigver (Hel1) in pur| ties
of oreat et t hary SchiomBie: @ TIE BN chudsthitBBoslehBh e i LFSR

salt (111) is expgse subst ant |

vapor concent raﬂﬁ@rﬁ%ﬁ@fﬁo‘@t Sﬁgzﬁﬁﬁnhwy‘?ﬁ@‘eﬂﬂﬁ]@qu @eNNa; so

PI ?hlytsgl tgbltq:t %ﬂdéflv@hlﬁatg&wmtﬁolﬁﬁ@m]ﬁ)ﬁ%%ﬂifs%ﬂi\%glttg?” geor
olerate ut it sho e v
concentration SEPIRE- i’t%é’ﬁ‘hglr}'@s L??{’ﬁﬁ’f‘%&'?{gﬁﬂ EHQ%’EF&Wﬁ%W%IWﬁ ng
subsequent reagroass oﬂ&e m\@anm ald todheprotiints therenf.Oh dhie othérchabid)if @te gdal
“whatever formy, figpld I%Eétg%&ﬁ@ﬁﬁeﬁéalﬁﬁ%%ﬁl%ﬁqsﬁglétdgﬁc%e{’ﬁg&tO an

anhydr ous 20 atnDsp ere Yavin ncentr than ca.
50 ppm It is mhelow mlcmmﬂﬂﬁlaywanﬁmﬂfb@(@IEBIDYQCthMQMﬂENﬂHmHbb-he

reactions her eiflySohsifiedaE [@Hﬁ@éﬁdt%f@%ﬁﬂﬁfe@ﬂtﬁ'léssﬁﬁaﬂ’\?d g in dry

nitrogen or other nan-:c | Dr t.rogen, However, is
preferred. In &° ‘feésfl%‘ilpgﬁl r@ghbym p&p%amﬁt%pﬁa@ faat Hhe solubleny |
am de salt 25 ('ets[du)al uﬁ&ﬂﬁWFgﬂ)zﬂHﬁaimﬁlﬁWaﬂwd@mﬁﬁbﬁﬁmb @idohible t he
range of 5-10% t in acetonitrile in an inert atnosphere such as

ni.tirogen. At hig erZcontentrations ood m xi ng may becone nore difficult
to, maintain as the Thadoneid)sulford 33@35:@@&2(11;5}@ cdmrbmmbrVa:uhuran creating

a dispersi g4. Eﬂaeatea %@ﬁm%ﬂﬂﬂﬁ%&%ﬁ%s aﬁh&hﬁfthéﬁlﬁﬁbﬁﬁpﬂf rpl,l t ndei ght,

ot her forns of na preferre such as
ul trasoni ¢ agi Y‘8 ntg?c"m%ﬁlaf’?ﬂ i’éﬁt?r@ﬁ ﬂéﬁ sre?fﬂli}mﬁ%éeééﬂﬁﬁ‘@'d using a
M cr oFl ui di zer{mrdie} this/mialcribl in aftomlly Whycstaté) Itiisihighly re¢oiemendydisd Reep tib. -

Wil e mai ntain &!;Eep on .

conti nued unti J[IB %g%ct |l%'r??%52?§£g’s ﬂ%ﬂ%@lﬂaﬁeﬁ&ﬁﬁ%iwﬁogjégbmé&n gas

evol uti on 35 less #abl G&@%WW%?@@hﬂéﬁ@bﬁﬂW@ﬁdﬂc%SOﬁN&g art,

. has. been fgnmdAtsmtaﬂe@anﬁ-ét&% é:\ds'%ﬂbﬁﬁie%?eﬁﬁcf: gés'iﬁuhth&%@f cggsation of
hydr ogen gas flo n‘gﬁ‘#‘hgn ?t&hg@%gr%c I on éoéﬁgeer2004 The

V\ate

Siy
amount of NaH Bt \éé
i ntentions of ﬂ.hhnfiﬁ?(é,cnmst pmﬁm'ablhanehl’ghdkdhm@"él ﬂarigiﬂof&k@asﬁ om‘mnstdfe

O e TR b B TR DN
' undergo certain decomposition aggressively when heated to the decomposxtxon
25  threshold but it has also been observed at one occasion that the preferred
) CF3S0,NNa, undergoes spontaneous decomposition at room temperature. The
- compound is moisture sensitive and should be handled under anhydrous
conditions. It is believed that the product is somewhat unstable, and potentially
may be subject to explosive decomposition.
30 EXAMPIES
| EXAMPLE1 .
CF3S0,NH,was purchased from Tokyo Chemical Industry, Portland,
Oregon, (TCI) and dried and purified by two cycles of sublimation under a
vacuum of about (0.1 Pa, 103 Torr), employing a water cooled (~20°C) cold-
35  finger, and an oil bath at 80°C. Anhydrous acetonifrile was purchased from EM
Science Gibbstown, NJ, slurried with P,Os and distilled to ensure dryness, and
stored over molecular sieves inside a dry box until ready to be used. Sodium

hydride {95%) was purchased from Aldrich Chemical.
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5 prepared still contam nated with insoluble Nail fromwhich it is
difficult to separate. However, it has been found that residual NaH is
largely inert in the process of the invention and to the protidurg200kr eof .
On the other hand, if the goal 1is to achieve the cl eanest possible
CF3S2NNa2 then a slight deficit of NaH below'the stoichionetric anount

may be enpl oyed to sure t h . be 10 fully consuned.

Enpl oyi ng a deficit idggg h—ﬁi @sﬁlap' -box wéggmpm Eempabnver si on of
the CF3§,ozNH2 OHa\%BﬁQZNHMaMg tmb eﬁd}laltblhtﬁi bt ﬂ%ﬁlwas

I ntermedi ary S| m._t

CFlerr] SO err] N%é‘%ey Nﬁ‘#ﬁo oqﬂttﬁgm@béﬁ?%%%bémg%P’@ﬂ?ﬁ #W be dried
under vacuum atac¢®nitiley 21003 g ofithesciivm dydride wissloslyraddetovene paviad of of t he
possi bi | ity sof mﬁﬂiﬁﬂ?&ﬂlérea%%’mﬂnﬁh& asRGLIRAG alth | négﬁ}t"%{% grial. It

I's highly recormende tgever . handl e th| S mat er| a

~dry.state. It |§mﬁ?1§mf of tae FrartonmiKtIS inaegsed fiem e G toa0. ﬁl\gtdl@mgéh& times.
It seems that tddditiongrdcess. Cnfmﬁﬁzh&eaasmm er&tﬁ&?foﬁﬁ@ﬂ' agepan the
corrp05|t|ons of hﬁtgtﬁg rml ecul %@ vve?C@HE gg C4F98 NNa2. 20 A suitablé ,
tenperature deg2R 2}8 S 5‘?&) PR PR AL PPRAUEOPIEEMY e pr ef er 1 ed
CF3SO2NNa2 shodppedvancey andchodhmaertlmbbhlamdlm;oe of theaipblntion bf hydgbigen, whbian

~ 80C, nost ppef efaklyg not higher than 65C. Certain of the conpositions of

t he |nvent|on i ncluding the pref erred CF3802NNa2 have been observed to :
undergo certain decdmgeeactedanixiugewas Sltered thropghra glass-Blteri(medive pwositposi t i on

25 threshol d buﬁsmmba@-m;sqmﬁmﬁawe%a&em&e%%mmoitrhs

Cermper ot ur o, TROVEORABANGTE, K CETE SREb e A1 B EARHeHoH 208 SRl oo

under anhydr ouslndm-madlmm (nBa, 1012t Torg) abajonetemj)etalna-b forieh, ptitid ehie drg bs:a mewhat
t abl 30
EXAVBLES PRl oo By &E?%%%ﬁ%&% b Rt Sl HhE R I | )
Portland, O egeienk fiagk) Thadchlenk faskwagsenled remonsd from thy diyewoxoand
subl i mati on unggiied to mw&ﬁmh%&:(&@? ackBm0.19°4, )10-3 i fih @ wat er

cool ed (200 co 35 fin ath at 80C. Anhydr acetonltrl | e
~ was purchased # @% c@‘%ﬂg’g@g < wp theg imgmersed 1 H'?g?b
distilled to eﬁé‘iﬁmwheymﬁsfourdmdrs at tichctinoe the bathl was Heated b éﬂ‘tiSanmmade a dry

box until ad Eh108 L UM from

Al drich Che% cgfm as’lijﬁa%éw;zuo Afcflnfg?éc(fgéd(ﬁl@o#%g@% sﬁﬂgﬁ!@@%ox (Vacuum
" At nospher e mnﬁ%ﬁqyaﬂomimﬁm¥wpmuuwf rTPHﬂ1 Afsgeardatthosphere, a
round bottom f CE§SO wﬁw@ﬁﬁm@]ﬁiﬂ&d@ﬁﬂ()ﬁy.@oﬁ t he sublined CF3SO2NH2

-and 730 M of t he %g prOdUG{WGI'e ISO?E'I (93T§e }%‘f()dﬁ&%egocl):gflééga aIyIdI 86 V\B.S

slowy added over a
_ while generating large amounts of a gas.’

25 It has been observed at one occasion that the preferred CF3S0,NNa,
) ~ undergoes spontaneous decomposition at room temperature and it is therefore
" ‘recommended to not dry this material but instead keep it as a suspension at all
times. '
.E_XM
30 Inside the dry box of Example 1, a flask was charged with5.142 g

C4FoSO,NH; made from C4FoSO,F and NH; accordmg to the method of |
' MeuBdoerffer et al, op.cit., and 100 m! of anhydrous acetonitrile prepared as in
Example 1. 0.784 g NaH (Aldrich) was slowly added 'over a period of 5 min. The
mixture was stirred at room temperature for 24 h without observation. Insoluble
35 C4F9SO,NNa, had precipitated at the bottom of the flask. The reaction mixture
was filtered through a glass filter (fine porosity) and the white residve was washed
three times with 50 ml of anhydrous acetonitrile. The residue was collected from

the filter and placed in a Schlenk-flask. Afterwards, the material was brought
14



5 60 mn while the reaction m xture was stirred wwth a nmagnetic stir bar.
The tenperature of the reaction mxture increased from21.6C to 50.5C
during the addition process. The mixture was stirred at roomi.bmegCadure
for 20 h. After about 4-5 hours the reaction nedium had taken on an opaque
"creany" appearance, and no further bubbling, indicative of the evol ution

ol ashetiter (ne%.f&%tg‘*b‘ﬁ‘g??"f“%f B b o il fin V] 22 1P T8R) RGAES °
washed three ti fea @il ﬁhmfmmfo BRC. QuitpPbie; aae volyilnilied inddeathef er r ed

fromthe fil t er dfyobox. $gl7lgagfl@r{,d@§{ﬁe@qgol&5ded under vacuum (1 Pa, 10-2
Tarr) at room tenper

ur still inp e dry hox 5AprOX|mater
10% of the filtrate &/&'@ ﬁ%@t"bis?fv?‘i ah e OFFasieg tg?téii‘ﬁglﬁimﬁiﬁ%eﬁoa
Schl enk flask. iidergsek bmﬂtadeba&&ecmoﬁﬁai sidtoom My stufe e it is&hd'éibrbox and

1 A o B RS Syl )

bath set at 50@Mmesd held for four hours at which.time the bath was heat ed
to 65C and the 20 Schlenk flask was h?&_ﬁqﬂr@_n for an additional 20 h

while still subject eyacuati on under ol vacuum (0.1 Pa, 10-3
Torr). Afterwards, tﬁ\'@l’l W@WW@W&H@E’&@’RM&’G@ de ghe diysbosox .

30.0 grams m [3.028igbf thersablinel @FS0,NHLwns &ssmedd@qommaﬁme%h}&%{;s whi | e

Phat e pr of orsAaRE Rl S sk, 4 LI oRE RO Bt ABROEL T oom

t enper at ur e anddded tosforth arfistoeaction aishune nldditiomofigeH thok plimesovent eeiiad  but

box! of Exanpl ¢ 2 f?*’f*f“ﬁ%'ﬁ‘%%mi’sﬂ?ﬁ%?“@dﬂf‘?ﬁ@FW‘EEES‘@%WE&?M ’

CAFOSCRF and Nt TepmR lmperguseo Affes 3 he g Hyorine coyld lmydrsotadcy m;ﬂlemt

?Rﬁdlooh;n 1&f &bhy@nmmwgto@mpldteé@vmmd a#f@g 386,NH. ;}&@Bg@d) &53{9 Nag
rn C was | O (0] e S stlirre

(Adrich) vas siouby Ai5c. QYeE. b RO SR ST STl %@Wm@«ﬁ

CAF9SO2NNa2 had pr e TiFCEOSE6F (CFOE €BRQF (PBEPVE}tpteparEﬁacmdn:iglton
mxture was figd ﬁn@ﬁx@dfobbgﬂﬂ&]hﬁet% 3@ 3. i’bxil;é&tqg? @iis%‘%g@%&ksélﬁ&)ed@ﬂ%ﬁ'@

white
ot vl IR N AT Y B A A S
Af t er war ds 20t h&RyB0gNNap mewreﬂewéwm'mémﬂmbox and
temperat ur e of "HStRe HRUIAQ sdichnixhls vnd el o rut kel AR, 4. 57
g of product ' \8meinjthe mixteee turnedislear, b@@mm%cwﬂewremnofﬂmy on that the
preferred CF3SEANNAINNa,, and then slightly cloudy, indicative of the precipitation of the NaF
: ) by-product. After 30 minutes fluorine NMR confirmed a substantial
| 25 concentration of the imidized form of PSEPVE. The reacted mixture was . .
oy . centrifuged and then filtered through a glass filter (medium porosity). The residue
was washed with 100 ml of anhydrous acetonitrile. All volatiles were removed
- under vacuum of 0.1 Pa, 103 Torr at room temperature and the slightly beige
- . residue was heated to 110°C for 16 h at 0.1 Pa, 103 Torr. Yield was 9.494 g.
30 19F NMR in CD3CN confirmed the structure
CF,=CFOCF,CF(CF3)OCF,CF,S0,N(Na)SO,CFj.
19F NMR in CD3CN/Freon-11
(CFoA4'=CFBOCF,CCFD(CF3E)OCF,FCF,G80,N(Na)SO,CF;H): -112.6,
_ -120.9 ppm (A, IF, A’, 1F), -135.7 ppm (B, 1F), -78.0 ppm (CF,, C, 2F),
35  -144.2 ppm (CF, D, 1F), -79.1 ppm (CF3, E, 3F), -83.7 ppm (CF», F, 2F),
' -116.0 ppm (CF5, G, 2F), -78.9 ppm (CF4, H, 3F).
MS: Negative electron spray; 574.14, M-Na.
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5 under goes spont aneous deconposition at:roomtenperature and it is
therefore recomended to not dry this material but instead keep it as a
suspension at all tinmes. EXAVPLE 3 Enpl oyi ng the reagents and Jegeippent of
Exanple 1, inside the dry-box 10 3.123 g of the sublined CF3SO2NH2 was

di ssolved in 100 mM of the anhydrous acetonitrile in a round-bottom fl ask.

1.127 g of the sodium hydri de was slomﬁg to forma first reaction
“m xture. Addition-of NaH took place o od of 10 mn while the
first reactlon m xt uI.:eldeabe moncemm led, mgﬂﬁtboﬁomtﬂd’sIchﬁﬁgeRdﬁ thf 00m

9 h
Sol Ut on' | i ca ?%53 ' %@&5%%0&@&3‘%&%@ Y S8R IRS (o eb

¢ thereby
form ng a m xt umethed o @'&!iﬂl;lopc@i!t,andwﬁmbpfamhyﬂrmmtmmsﬂdual

Cr2 CFOCF2CH CH )e%EE Q‘ﬁ%pﬁ?ﬁﬁ?k’ﬁ) égfﬁmhﬁﬂgé’ﬁ{e"@%ﬁ%)%&ﬁ sfog%g&ie d Of

@
Connol Iy et al at ent
distill gd 10. Oﬁfoﬁné%ﬁéacpﬁﬁ@mtl#ee&@é“ PNAE togk plase eyen aparied ofi xt ur e of

© 20 - CF3SO2NNa2 Hhﬂnﬁﬁrhilathb&éachﬁnﬁlﬁﬁ&%ﬁ% sﬁﬁe@@fﬁbﬁ&@ﬂﬁ&aﬁﬁe v a second

ACt 1 xt t t
omper aruro.  arpameR SRR Ak £ bl Al Sotiort SR defeaRi Ry o compl ot o
"reaction of thelgmrkhmlutmndndwﬂmg@bmglﬂtdgombmmﬂytherabgllfmaimge of the
preci pitatign %ixhﬂ@og"@':F a?%ﬁéetox@ﬁ'ﬂ@r? Q:ﬁiﬂaijéﬂltb‘éﬁ (fti‘g 8

confirmed a substanti al entration orm o SEPVE.

The reacted nixture WgOf@%RSE?VEQ@EXQWHEt%W Wﬁ@&@@lwm a gl ass
filter (nedi um(Png ?m?azﬁlﬁefoﬂﬂhﬁlfﬁe a!ﬁﬁhdﬁﬁﬁilﬁ%%fo?m%c&ﬂdl‘éﬁctﬁﬁhydrous

acetonitrile es enoye under, vacuum of P 10-3 Torr
aty oom t enper APFEE ‘i\%’%ﬁnl ﬁlﬁ?&é‘“%“é% ﬁ%o'ﬂ\é%“ﬁ?é%t?@d T 110C for
16"h at 0.1 Palorﬂmsthﬁmmxnmmmd\mandiemx@ofaﬁnﬁm&mmmfm CN confirned
the structuge

Do Freon®y SO A der by coadt OB e Sedbipint G LM e
-112.6, -120. i’Yﬁﬁ fdgch, NMR o erﬁfﬁFBlOﬂm?ste?ﬂl@pmﬁe@Omconﬁme@ﬂmom(CFz C,
.2F), 35 -144. 2 spigmartiaFprefincd b the indilizkd Foxi IPSEPVE. 3H0 reactfoh hixevdsr2, F,

g::)ectr;)ﬁlgp(r)as %%:gfﬂ Wﬁ@%%ﬁﬁ%ﬁé%ﬁméﬁm%“&lfﬁgﬁlﬂge ?ﬁ%f‘iﬂdyebox of

Exanple 1, a r wndvabhﬁdtmﬁn iﬂ)(thOﬂmWhhas gretbniirijdy AH volaiileg wete tehmyved FOSO2NH2
made from & 6 SaEy WhideSedilhe wéﬁeﬁe'a%%&fuﬁ‘?}'io‘? é&h‘iﬁ’?r f o et

T 00890"'9t of 3@3 r}aqoh%w"waﬂ(" ous aceton TriTe o prepared o ex
19F NMR in CD3CN confirmed the structure
- CF2=CFOCF;CF(CF3)0CF,CF;SO,N(Na)SO»(CF,)3CF;4
I5F NMR in CD;CN/Freon-11
25 (CFZA’A'—CFBOCFZCCFD(CF3E)OCFzFCansozN(I\Ia)SOZCFZHCFZICF?_JCF3
Y K): -112.6, -120.7 ppm (A, IF, A, 1F), -135.6 ppm (B, 1F), -78.0 ppm (CF,, C
T 2F), -144.1 ppm (CF, D, 1F),-79.1 ppm (CFs, E, 3F), -83.7 ppm (CF,, F, 2F),
-115.9 ppm (CF9, G, 2F), -112. 6 ppm (CF5, H, 2F), -120.6 ppm (CF,, I, 2F),
-125.8 ppm (CF,, J, 2F), -79.1 ppm (CF3, K, 3F).
30 MS: Negative electron spray; 723.98, M-Na.
EXAMPLE §
Benzonitrile (Aldrich)was dried by mixing with P205 and then distilling.
~ Employing reagents and equipment of Example 1, inside the dry-box 3.008 g of
. the sublimed CF3SO,NH, was dissolved in 90 ml of the dried benzonitrile in a
35 round-bottom flask. To form 2 first reaction mixture, 1.018 g of the sodium
-hydride was slowly added while the reaction mixture was stitred with a magnetic
stirring bar at room temperature, The reaction mixture changed its appearance

- after 10 min. A white precipitate was formed causing a thickening of the slurry.
16




to forma first reaction m xture. Addition of NaH took place over a period
of 10 mn while the reaction mxture was stirred at roomtenperature with a
magnetic stir bar. After 22 h of stirring, no fluorine coul d Helwe2eoted by
19F NWVR i WQHM0Ed| uti on i ndicating conpl ete conversion, thecEoyiRez ng a
10 mxture of CAF9SO2NNa2 in acetonitrile, contam nated by sonme residual
NaH. . 7.797 g of the PSEPVE of Exanple 3 was added to the m xture of
CAF9SO2NNa2 and acetonitril e prepared herei nabove to forma second reaction
m xture. The second. reaction m xture was stirred at roomtenperature. After
10 min, the mi Shortly afigr.nharesdtioamiximdéizagédies @flores FalRé.eARGAQ M aRf the 15
CF3 SO2NNaz, a@&cﬁg@ﬂnﬁu@ l-yq C r ecj.pi of the
NaF by- produc % g‘%rr%dacﬁ%?/hmd%tg air’ée:géd@ghﬁ%‘?eg ct fgﬁ%ﬁh r med
the substanti &5 T 3 R PR Hh 2lagomdemperRuRS BBVE ¢ GFRSEPYE! 0N

m xt ur e \)Nasghcémmnplgebﬂg‘ﬁﬂk addet], tﬁmbyffbhituﬁg?ggédﬂﬁ%lﬂﬁm% f@ie. The ge?fmc( [red: um
porosity e a rous. acetonitrile.
Al volatiles J\%relzér%r%coveg ﬁﬁé&?ﬂ%r VA TR %EC&P?/@WPS?ABEW‘@@ feesi due
was heat ed to YAyt o NYRn §D3CNefter 2|hoconfifioed the Yoralatiomasthe sB8u@. 19F NWVR
in CDl err] ON cORp+CPBAFICRCFOCI,OFSSOMTRERORIF2 CF (OF3) OOF2 CF2 S
C2N(Na) S 2 (CF2)3CF3 " 19F NWVR i'n CIGEN Efech- > 1 25

(CFZ~A CFBCI:FZCCFD}(Q 3F-) OCF2FCF2 GSGK ANLE® CF2HCF21 CF23CF3 K}: '
-112.6,-120. 7 ppm (& thisExample, mgparm:& qmnrwea fol determimiflg thefPNahdF2, C,
2F), -144. uoppamﬁg; gad Ev)oaveaz@tﬂe ﬂamo&%%(@mﬁg} 8-°n,7 glga%thFZ F,

2F) -115.9 p HBm (CFZ
, 2|=) -125 )ﬂec "ifgﬂ‘hfeﬁm e@IIQ‘ln%ﬂt@m)ﬂaSBOI,lhﬁldm@at i ve
el ectron spr aymamcsﬁmnylbhlaz whs@thdd Eitiba Eﬁ[&&ﬂet&:{tlah@iu&?\hé%b&ﬁ%%d“ ed by

mxing with P2 hg re ts and equl pnent of
Exarrplge 1, i nsﬁéﬁ%éﬁ&hge% Bt %&5%3& forfé@ f"r% gSIt? ﬁ’ggﬂéﬁé g 5
di ssol ved i n oasfitiesk m&W%“ i 4rand@ thind pec®Svasditred-Witit2 om f | ask To
forma firkt regeothkrs. rﬁi‘hxtsmpa:cklsGﬁa%dénﬁEctédhﬁa 894 ce'l}fﬁi‘ 91?3\% il oW y

I r

added while t red W|tha netlc S I ng bar

at Foom tenpertgt%%ggﬁdr%ﬁ eﬁﬁnﬂ%eeg‘ﬁfna; ?ecmﬁ‘%&“?%g%lpp@%%ﬁ%émgafg er 10
mn. Awiite p ‘{?rquﬁ@ﬂméﬂdfmmbelah@ﬁrﬂ;traaWateu:-Ifﬂedﬂgpm‘lgtﬂd&atsdiurry 16

1 June 2004 \ilifddrd9)kif4 is dﬁ@é@ﬁ@ﬁﬂ@%l@@ﬁ&l‘ wnad E(ﬁf ml ﬁéﬁer‘f ?@Cil on

oo red. At oropetaton i eacinSrart Mharted Gl Hkdoeh wy ofhe e, i n < he
sol ution. 28 t FRAD Hiveas chargewiih tite deswed areorme b Aéalideeactinbidd @affixePREPVE Of
Exanpl e 3 vas meldas, 1R aicdimbardhoitife SERAHAERG Myl "HilfiSaxerne Second
10, was filled to about 50% of capacity with water while the graduated cylinder, 9,
was filled completely with water. The stopcock, 5, was opened, and the adaptor,
| 3, was inverted thus dehvenng the solid reactant to the reactants in the flask and
- \ o - 25 thereby mmatmg the reaction. As hydrogen was evolved from the reaction it
' dlsplaces the water ﬁ'om the graduated cylmder providing a volumetric means for
_ determmmg the rate and total amount of hyd.rogen evolution.
Employmg the methods and matenal of Example 1, inside the dry-box,
o 0.546 g of the sublimed CF3802NH2 was dissolved in 100 ml of the anhydrous
30 acetomtnle in the three neck round bottom flask of Figure 1. 0.213 gofthe
sodium hydride was carefully placed in the SRAD. The flask was carefully
brought outside the dry box and connected to the remainder of the apparatus of
Figure 1. After all connections had been established, the stopcock to the reaction
_ | ﬂask was opened. The reactmn mixture was stirred at room temperature and the
- 35 SR.AD was inverted thereby feeding the NaH to the solution in the flask.
_ Immedzately, a reaction could be observed 80 ml of gas were collected over a
penod of 5 min. The tempemmre of the reaction mixture increased from 23°C to
26°C. Over the next 120 min, the formatmn of gas slowed down and 74 ml of gas
17




5 reaction mxture was stirred at roomtenperature. The col or changed from
red to yellow 19F NVR in CD3CN after 2 h confirnmed the fornmation of the
structure CF2=CFOCF247F(CF3 )OCF, CF, SO2N(Na) SQ2CF3. EXAMPLE16une 2064 s
Exanpl e, an apparatus was enployed for determning the volune 10 of
hydrogen gas evol ved by the reaction as a functLon of tinme. The apparatus

S deplctedlnF uh f ne ked r d bottom fl ask, 1,
hol ding a magndtft QII%FWH?S' SE%%&‘&?& efl &ﬁ?}e %s |Bpefa§aé3c9Fé’|ﬁt

adldl Ij i on dﬁw gleﬂsl'ﬂsiquoﬂ)mxﬂumnhaggql 7Baeeﬁnglremdtm Inghereattiotedixhee chagdd 92,
solid to the e@@& | Io) e :
and a third nec ngtﬂ ﬂ?té. qf%gb%e s opco::igég‘g%nﬁa
connected via awas Wmdeé@eémﬂ%w@wrvya& dor angther Bowrrat roagn i ch

Saf e- purge (5M tex&aiemeno:ﬁpﬁtaﬂufﬂoam g&km@&@éombied dhhifg #as ﬁedw Ghe A3k VE, 7,
was conriected,vi a g raduat ed

cylinder, 9, th‘é’f’sg@é«g m&gﬁaﬁaﬁﬁﬁmﬂ?ﬁ?g‘w&wnﬁ@ls@ ™ Dbeaker,
10. In operatlﬁhﬂu Numommmdﬂmtﬂi,m@mgth@cddiﬁeﬁelcaﬁ%rﬁbﬁGﬂgh any of.

t he necks, | desired anmount of solid
reactant and r?ﬁ%%gq &t§ﬁ]§5@§ %3%?2m’the downwar d- poi nting position

shown in the figure. The beaker, ExAMPIIH2d to about 50% of capacity.
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Erpl oyi ng t he mschseim épnﬂomdlaekmthaanmmﬁthangbanwssdmgddmw%gpf 0. 546
g of the sufli FRCEESOPRWNT, YRS midteSiBPWYESsdoelGR

acetonitrile in L}re ck r.ound ottom flas 10b Eﬂ? )ég&g%@mg

the sodi um hydidt &3{% lcgwrnmeguﬁﬁaé ¥arppied Hé?"ﬁ@?eﬁgi wed ot s Shecaaecked”

Cﬁr efully brOLMKE@ﬂt@l&é&dbﬁﬁe&%-ﬂ&ﬁkedﬁﬂﬁék@ﬂ@ﬁﬁdhﬁdﬁc@uﬁlb@a& Gﬂ%t:télﬂﬁrhgm

t he appar at us a n _establi.shed, the
stopcock to thgéar eaié?‘ on %%?ogmetﬁegg%gaﬁ%glgﬁwmaﬁ FHe G\Ias
stirred at rooﬁh&fébﬁp‘@ﬁ@ﬂﬂﬂﬁmtqth@mm@mﬂaﬁc i bnmedfatelreacéiby cowlddi ng
the NaH t 0 sphe pe@bserian Over tHiesridd @It@&p&mﬁwﬁapévoaﬁngg&&unﬁ

b d. 80 |,
oyt B ORI kol eco i 1
next -120. min, aﬂﬂl&oﬁairlﬁ'ﬁtnl@ﬁgan‘wgaszoﬂdwwhdthh)mdmeﬂE’ylmﬂkr Muristhds’ 1 June
2004 were cOll Gehs) ddbdplftalleA U R BHRL chdtbh Pnd Bhe-B0LL B! NE

appear ance of b PR O s an ed I'né T esi '
reaction ni xtur@semnyéwetcbmg&dma&@kerpre@ml@n@raﬂ@tserﬁténd@eﬂxatethe bammy to - -

the bottomef bhthelflaal whbhaR sﬁhﬁg&basrs&dp@ga TES reab MRS turE Reas SBRES FRN

m X)t ure was st I o gr 1f4CH at?ggntl Qeex{xper}ghlﬂc aﬁ) ml o%mddmonal gas were collected during

-  this period. The flask was brought into the dry box and a sample of the solution
was submitted for NMR. No fluorine could be detected, indicating the complete

.. conversion-of CF380,NHNa into insoluble CF3S0,NNaj.

30 : L EXAMPLE 8

| - Following the procedure of Example 10, inside the dry-box, a 250 ml three

neck round bottom flask was charged with 75 mt of anhydrous acetonitrile
prepared as.in Example 1, 0.189 g NaH was placed in the SRAD. 0.879 g of the
CF3SO,NHNa of Example 10 was dissolved in 25 ml acetonitrile prepared as in

35 Example 1 and placed in an addition funnel which substituted for the
thermocouple of Example 10. After the requiréd connections were made, the
reaction mixture was stirred at room temperature and the NaH was immediately

added to the solvent, 6 ml of gas were collected over a period of 3 h. The
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5 tenperature, 10 nl of additional gas.were collected. during this period.
The flask was brought into the dry box and a sanple of the solution was
submitted for NVR No fluorine could be detected, indicatingitluee00pl ete
conversion of CF3SO2NHNa into insol uble CF3SO2NNa2. EXAMPLE 7 10 Excess
CF3SO2NH2 and NaOH were reacted in water to prepare CF3SO2NNaH Water and
excess CF3SO2N ed under, v u 0. 1 Pa, 10-3 Torr) at 70C,
the residue vvag&dgﬁéﬁfﬁ%rso %‘qq"?ﬁaéd%ﬁ@égﬁ@g@uWPwasz@m‘Félthw ng the
procedures of Eiaephtrodm temperdtard, NEh 45 ynihaRer the a8dition of the C
bottom flask with harged w f 15.
the CR3SCRNNaHZ QiR @a&%ﬂé@%"%&"@%‘év&%‘%&@ e &“ﬁﬁ?ﬂ?ﬁﬂ%ﬁ
acetoni-tril e ofyelownphbafter theraddibion o€ the(d3 SOLNENa tHegeddionseamddiol staved  but
the three ngckgg, g 43%3% ERRAIBRH o thelhénd- 2R S0, |a 35451 BF8h Bl e

te e room

t her nocoupl e was qgm t eaction m xture was stirr

tenperature anﬂﬁwwwl%h# pealectqds chhs B'?“PQEWQW@S fixredifor t he
fsol UE I ggol n th@ndt}:@ﬂlﬂl%?,?nmmf ddital@fiflﬁaﬂtga@hadllbéﬂncboﬁgct&? PU3S8I #@Ghe Over the
Irs mn, on a lo (0] V4l N C '
ol Tectod. At Eber Aol T 55k ik bipreffinf e aPordi MM sl 105
mn, additionsmias m@fﬁctddfwm@mssomma Oallyt aat'a@cbfarﬂudmegrgaa&ait-sméppm nder.
PUrLng LB PEBIAYe dbBeRARRRIAAGR, ool GRAHSOINIING HipalgnReT. The

fine residue in_t reaction mxture ch er preci pltatlon
that settled e&3PYMNazhe- bottom 25 of the flask when the stirring was

: tSt Oppedt The react i 2n2 WH?&S&&(!CHW@@]JIQ{\Y MWMUEOI?%OEM d
enper at ur e. ona re collec i s perlo
The flask. was? B%Bﬁlf ﬁ%a(’& g@"“aﬂﬁ”& OE%I&B er?]% UGHEESA  was

subnitted for fdvatehkpefatu:e,rthe\macmﬂ mixtwre ehed tleat, Aﬁﬂepﬁbipﬂtgtetfbﬁnai)rml ete

conver si on; o f FoI | ow n
t he procedure &5@@%@1 %&%oﬁ&&%ﬁb@%{ dr w%@%{)ﬁ%ﬁ §ucneck rougd
bottom fl ask \Aﬁgz'&féf?né EKPF OGF 2F2 80, MAVR)8OoGE; %&deQXGPﬂStHSEPé/E prepared as,
in Exanple 1. 0. 189 g NaH was (BIDMP@QMTNE‘EX@W,E@ 879 g of the

CF3SO2NHNa of Exa S S ved I.n a I tr pared as in
35 Exanpl e 1 and g%?gﬂgf%r]i’oﬁ&ﬁ% edy {)g"l;g(?%for t he

t her m)coupl e OfF{S8QyNHNa fiom Bfangde i hd. mwmmhpmdmcﬂmme t he
reaction m S r

I mredi at eI y ;ElgFgﬁ 0. h%@%d%ﬁm@anf% %@o&@%&gﬁ%&% over a period
of 3 h. The 18021'119%@3@@%“@ Fwaschep-Riiersd fuevaive slass fHlira oeprrosite. ABact i on
-m xture was Cofftraftues dolledted insd fldskeeld aiougﬁmelemerd@t Yo All sblvéatshige af t er

(1,20 L on oLl e SRRSO 180 Bk iy ol B e,
addition of t m I(EtIIISIZPasII-llﬂa3 Tarne0.862g (5.04 npad)efiCF8 Q:NEINa were recovered,
_ 25  corresponding to 92.6% of the starting material. The dried material was brought
) into the dry-box and 50 ml of anhydrous acetonitrile were added because it is
: suspected that CF350,NNa; is slightly soluble in THF., The majority of the
material was dissolved in the acetonitrile and only a slight trace of a solid could be
observed in the solution. It was not attempted to separate this residue. It should
30 be safe to assume that less than 10% of the CF380,NHNa have been converted to
CF3S0,NNa, after 4 h in THF at room temperature.
' EXAMPLE 9
Following the procedures of Example 11, inside the dfy-box,'the round bottom
flask was charged with 0.866 g of the CF3SO,NHNa of Example 11. The
35  material was dissolved in 100 ml of anhydrous THF (Aldrich; distilied from Na
metal; stored over molecular sieves inside the dry-box). 0.171 g of NaH was
plaiced in the SRAD. After the required connections were made according to

Example 10, the reaction mixture was stirred at room temperature and the NaH
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56 h and 40 nin after the addition of the mono-sodi um sol ution, a total of

80 m of gas since the addition had been collected. The reaction m xture
was stirred for another 14 h 30 nin. Atotal of 116 ml gas haddube2nd4
col l ectetwvo0D®I™M are the expected anmount The flask was lpcrughebszerto t he

dry-box and an NWVR sanple was collected fromthe solution. Only a trace of
a fluorine signal at -80.6 ppm 10 could be detected, indicating the
‘conversion of CF3SO2NHNa into insoluble CF3SO2NNa2. 2.120 g PSEPVE was
added to the now bright yellow solution, containing a yellow sh solid. The

reaction m xt ugg zIddEd‘ﬁﬂth@EﬁQ&ﬁl Woﬁ&&ﬂ edlﬁlomcgulitb:ploﬁédwecﬁt Lglor:{? e formed.
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The reaction Was‘cornplcted after six days at room temperature. The
reaction flask was brought inside the dry-box. | |

2.511g PSEPVE was _‘addedr to the colorless reaction mixture that
contained a white solid. Aﬁér 10 min étirring at room temperature, the reaction
mixture turned clear. A fine prec1p1tat10n formed An NMR sample was collected
after 1 b showing the formation of the product
CFZHCFOCFZCF(CF3)OCF7CF2502N(Na)S07CF3 and excess PSEPVE.

EXAMPLE EXAMPLE 10
. Following the procedure of Example 11, mside the dry box, the round

bottom flask was charged with 0.633 g of the CF3SO,NHNa of Example 11. The
material was dissolved in 100 ml of anhydrous acetomtnle prepared as in
Example 1. 0.1 03 gof NaH was placed in the SRAD. After the required
connections were made, the reaction mixture was stirred and heated by immersing

10

15

20



113.3 m of collected hydrogen woul d represent.conplete conversion under
nornal i Zed conditions. The gas collected as a function of tine is shown in
Table 1. TABLE 1 Elapsed time Gas Col l ected estimated % (aften Jaddi20don of
NaH) (m ) WO@MI74ion O h 45 mn43.5 2 h 30 minl08.8 5 h45 weudsRsBe72l h 45
m n1815.9 26 h 15 min2522.1 32 h 45 m n2824.7 47 h3833.6 49 h 15 m n4338.0
53 h.30 M n4741.6 84 h 45 nmin5346.9 86 h 45 m n5548.6 97 h 15 m n6557.5 118
h7869.0 122 h 15 nin8575.2 139 h 45 minl11097.3 142 h114100.5 The reaction
was conpleted after six days at roomtenperature. The reaction flask was

br ought insidem&msdﬁyaxbax-batasézlaksg@SﬁP\é%am‘@ﬂflggu&Qh% 605 Rlah§SS

ti I Xt cent ai.ned a.whit 0 m n- st ring at
;gg(r:n ![gﬂp?r )e<1t 3re &P%é g‘gaésc Wﬁ‘%%@cﬂ%‘f—eﬁ? PIessyrE fas pleasedi t at i on
formed. An NVRUgawgh téehabblerdbt 3eméd Afidrtdh oflhdating) aké NgH v af@sdmineon of the
product  CF2= cem&m&ssolsme&oa%%uﬁag@%%@%ér fthif A5 S 203 Bi5e 1ound

-10 15 Fol l owi ng .t h e of |nS|

bottom fl as vvgvs E‘ﬁ?a#ﬁ‘g “hreﬁcl?g ©f YQI@IMS@WO&%MWI e 11. The
material was drdeditpdtb ¢omretfindib cofipkrlypdvasisnacetonitrile prepared as in
Example, | : 0..03 g of NaH was placed in the SRAD. After the required

connecti ons were nmde, the reaction mggﬁu;e was stirréd and heated by
i mrer sing 20 WO OI7 4UJEI JUIIc 2064
13435‘3 Gas Collected
(after addmon of NaH) (ml)
10h20min ‘ 0
. O0h25min B 25
) 0 h 30 min | . 71
1 0h 35 min : 85
1hOmin , 91

The formation of gas stopped after | hour. The gas collection record is

10 shownin Table 2. The reaction mixture was stirred for another hour at 50°C oil
bath temperature with no further accumulation of gas. The reaction flask was
brought inside the dry-box and an NMR sample was taken from the clear solution
above the white residue. Only a trace of a fluorine signal at -80.6 ppm could be
detected in the noise of the NMR spectrum, indicating the conversion of

15 CF3SO,NHNa into insoluble CF380,NNaj.

' 1.740 g PSEPVE was added to the colorless reaction mixture that
contained a white solid. The reaction mixture turned yellow and after 10 min

i
-

stirTing at room temperature, the reaction mxxture turned clear. A fine
precipitation formed. An NMR sample was collected after 1 h showing the
20  formation of the product CFZ'*CFOCFZCF(CF3)OCF2CFZSOZN(N3,)SOZCF 3 and
- excess PSEPVE. '
' EXAMPLE 11
“Following the procedure of Example 10, the flask was charged with
1.195 g of the CF3SO,NHNa which was dissolved in a mixture of 95 m! of THF

25 and 5 ml of anhydrous acetonitrile. 0.195 g of the NaH were placed in the
SRAD. After connection to the remainder of the apparatus of Example 10, the
Nali was added to the reactants in the flask. No immediate reaction could be
observed. Over the first 1 L, only 2 total of 4'ml of gas was evolved. Over the
next 5 h, only a total of 7 ml of the expected 157 ml. Hydrogen gas had been

21



PCT/ US00/ 32672 the flask in an oil-bath set at 50C. The reaction m xture
was heated for 2 h and the pressure was allowed to equalize inside the
flask. No pressure was rel eased through the bubbler for 30 nildune2@4 2 h
of heating, the NaH was added to the solution. No obvious reaction could
be observed for 20 min.. After 20 mn., gas was released fromthe reaction
m xture. Evolution of ca. 83 nl of gas was calculated to correspond to
conpl et e convercllected. TR feadtidnl mixtire was stirrédafor Stdthlaf 26t 4t addre tenisidtatiieon of

NaHM 0h20m nO kN m ) m n9l The formation
of gas stopped %}f%gghf%%g%r’sgr‘%ﬁgn‘ggﬁgol%lg?f%%g‘fe%&ﬁ%g%éggou{lgg f)p?f%\?m I n
Table 2. The react i dh500 xPSERVEawas gddadite thef aplorlesprdactionminturatth®80C oi | bath .
tenperature W tddnRgheliuniiRsofd CrHEREHA mBfumE AR no-EléﬁaJ{g%?fstcblU? ﬁaa gply was

brought inside the dry-box and an NVR sanpl e was .taken fromthe clear

" sol ution aBovéqlﬁ@W@tF%@Pme‘mﬁg‘ﬁr?@H%W tngd cleae 4ifgesal - at
-ﬁO. 6 ppm coul q:r?ﬁpi?ﬁgi;mmdsom. Al NIWMR sampiewnd cdllectedivRespR ehd Eimdi gatEiP{\/gE
t he conversion : nt g

was added to tﬁﬁ"%#&ﬂfﬁ&?f?@g?ﬂ’aﬁewgfﬁmcﬁ’%g@?ﬁ?&% Fﬁ@n ol id.
The reaction miexcass 8SEOVEed yel | ow and after 10 nmin stirring at room
tenperature, the reaction m xture tur%ﬁ@% A fine precipitation
formed. An NMR sanple was cqllected a : howi ng the 20 formation of
the productl®Cr2- crofmnieying theeegesnts andoavirmpuiof Exampled . insidedhe dpspi/E.
EXAVPLE 11 ' Fol3|(38ig¢f thdsublifed €14 80, NH, ke piced ila rouhié bbit@s igawegnd har ged

with 1.195 g af the,CFK _ i di gs0 i n; ] re of 95 nil
of Tre 25 ana e R %ﬁ%@@s@@gﬁ?ﬁﬁ?@% }13;8%;36&8{@{%%@ were
pjﬂgced in the Vo) Afats rfhegeaction mixturrewasstimied vdth magheticatipbaratt us  of
Exanpl e 10, 'th M@@&.ﬁ%ﬁ@k : | : | di ate
reacti on coul g%oe observed. O/%?Nﬁ)tli:@?f |-,rst‘§&]15ﬁ‘?é only atﬁ%g%gﬂwWof gas
was evol vedS -Opler thisdime pepiod by NMB, indicgtipg thecopiplee ¢Anversian expect ed 157
m . Hydrogen g@?396§INHEm1(ca:%s®§wag, 2004 col l ected. The reaction mxture

was stirred for a tglg) Ol aianbs PEEPOR Tak GBS b Hireaction mixture was
stixjred at room temperature. No conversion to the product could be observed after
24 h at room temperature. '

20 The reaction mixture was heated to 60°C for 7 days. The reaction mixture
was filtered inside the dry-box through a glass filter (medium porosity) and the
flask with the collected solution was brought outside the dry-box. All volatiles
were removed under vacuum (0.1 Pa, 10-3 Torr) and the beige residue was heated

"to 100°C at 0.1 Pa, 10-3 Torr for 16 h. 19F NMR in CD3CN confirmed the
- 25  structure (CF-2=CFOCF2CF(CF3)OCFZCF2802NSO_7_CF3)2C& ‘
"y Yieldwas 1.729g.
. 19 NMRinCD3CN
(CFAA'=CFBOCE) CCFP(CF3E)OCF, FCF)GS0,NSO,CF3H)y Ca: -114.3,
-122.7 ppm (A, 1F, A‘, 1F), -137.3 ppm (B, 1F), -79.5 ppm (CF», C, 2F),
- 30 - -145.9 ppm (CF, D, 1F), -80.9 ppm (CF3, E, 3F), -85.5 ppm (CF», F, 2F), -117.6
(CF3, G, 2F), -80.6 ppm (CF3, H, 3F).
‘MS: Negativc' electron spray; 573.98, (M-Ca)/2.
. EXAMPLE 13 - , .
Inside the dry-box, a round bottom flask was charged with 3.051 g, of the
.35 CF3S0yNH, prepared in the manner of Example 1 and 100 ml of anhydrous
. acetonitrile prepared as in Example 1. 1.068 g of the NaH (Aldrich) was added
slowly over épcriod of 5 min. The mixture was stirred at room temperature for
26 h inside the dry-box and checked periodically by fluorine NMR until no
' 22




wi t hout further observation. 160 ml of gas were collected during this
period. 4.500 g PSEPVE was added to the colorless reaction m xture that
containned a white solid. The reaction mxture did not change iltkinec@oo4 and
after 5 10 min stirring at roomtenperature, the reaction mxture turned
clear. A fine precipitation formed. An NVR sanple was collected after | h
showi.ng the formation of the product CF2

CFOCF2CF( CF3) odiainesopidbealecrdr3. 24 8iCeHsSEaE ssabanveeivad@omL A dfich wad

Enpl oyi ng the r&REgw He Mask S LiRdhL ﬁif?i’oﬂrx:mlwiv\h@y;.%ﬁi IiGodlr ¥ - box
3.033 g of the sublined Gﬁ%gj’gz was placed 1n a ragun ottomf] ask and
di ssol ved in 5depergfure fur 1 B iRacHeRmaHme Wascentyifuged agd gH velates( Al dri ch;

go- 959%) was addeere rdhevedeaom ﬁmrresﬁiﬁnh udﬂﬁimsm resigasiwag &H%c?atrlﬁgﬂgl’ér@zﬁ% ir
" bar at roomtepper g-for -No fluarine co e detected in the
reaction ni )r?t uragB %&ﬁa# ? erfog%ié‘%trfisﬁ%usp‘gﬁrg%s’f?}vﬂcl\ﬁ%ﬁﬁﬁioéﬁﬁy%o‘{she conpl ete
.conversi on of acFesbilkEnd fitexcdtBemNCRIIRT fiier) 64l yolofiles wete telmaePFERVE Was
added and the rigaedlinesh MhelESuaNess driddl Sey s . No - .
. conversion to mﬁiﬁwﬁ% be obng\%gﬁ?f!egﬂ%gqhm’g@r g%%‘
tenperature. 2 ‘ W%‘F"ecﬁﬁé'mfg eHruchIre BeS@N(N2)8QyEFs. The
reaction m xt urgeldwess 4.284tgred i nside the dry-box through a glass filter
(medi um porgsi tyy : .a i th €50l N .0 S brought
out si de thel(adr Mﬁb@%ﬁax ?#ggp}nm@fg, %@hng%m‘czt?ﬂa%"l Pa,
10-3 Torr) and (2Hp 7o npm (3BHi due was heated to 100C at 0.1 Pa, 10-3 Torr

for 16 h. 19F W h @D@»%ﬁﬁ{%}d’. s by Structure
(CF2:CFOCF2CF(CF3)£§2CFZSOZNS ﬁ%?' ’.Q\ﬁ%ie d was 1.729 g. 19F NWR in

( CF2A ' =CFBOCF2CCFD( CF3E) OCF2F ISP CrF3H) 2Ca: -114.3, -122.7
ppm (A, 1F, At, 1F) AsidBfedpleld(: tdhnd/bojtom-fBsk vapBiargsdwith €.082p)of th® - 145. 9
(&2 o 25! F?Cgéséz"la%#f@ﬁ%%%?l i a2 el Bk ke et Gl 573, 06
(M Ca)/ 2.  EXApripered3s in Example 1t hid 3d gyofitandVald (Aliniob) was advhnd Slosdk overs :
Exanpl e 1 andPios oy it TE mARet s Mdtda RAP RO IORARE A |
1.068 g of thedREPex( EP?@W)" eﬁféfé&d%lm. € of GHsPO2F Ghldgcky n. The
m xture was st s reecived) wasadiéde rihrereddtion niitre tAbs forined wde stidal siryoox and
checked Peah oSlgabbbipl Lo OR ML UG yiEeaRsfolt BPy s oo 0
- removed. The residue was dried at 110°C for 24 h at 0.1 Pa, 10-3 Torr. The
-residue was redissolved in 100 ml of anhydrous acetonitrile and filtered through a
paper filter. All volatiles were removed from the solution. The residue was dried
at 110°C for 16 h at 0.1 Pa, 10-3 Torr. Yield was 4.20 g. . s
L 25 . NMRin CD3CN and mass spec. confirmed the structure
oy - CH380,N(Na)SO,CF;. 19F NMR in CD;CN: -79.7 ppm (CF3, 3F). IH NMR in
- CD3CN: 2.966 ppm (3H). MS: negative electron spray; 226.06, M - Na.
| EXAMPLE 15
A 400 mL Hastelloy autoclave prechitled to <-20°C was charged with
30 PSEPVE (150 g) and 15 mL of 0.17 M hexafluoropropylene oxide dimer
- peroxide. The vessel was closed, evacuated, then further charged with vinylidene
fluoride (64 g) and CO, (150 g), and shaken at room temperature for 18 hr.
Excess pressure was released and the viscous residue was analyzed by 19F NMR
(acetone dg) which clearly indicated residual monomer. Estimated conversion of
35 PSEPVE was ca. 60%. The entire sample was devolatilized at 100°C (0.5 mm)
for several hours. Sample was a rather tough rubber, deformable by application of
force. Itdid not flow significantly at room temperature under its own weight.
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added to the flask. The reaction m xture thus formed was stirred at room
"tenperature for 144 h. The reaction mixture was centrifuged and all
volatiles were renoved fromthe reaction solution. The resi ddeluna004i ed
at 110C for 24 h 5 at 0.1 Pa, 10-3 Torr. The residue was redissolved in 100
m of anhydrous acetonitrile and filtered through a paper filter. Al

| atil th | ut d d d at 110C
volat o5 vere remvegd Lgm. Lhc ealuton, The el due s dried a1 tioC
str uz:'z;ge gg?mﬂgéﬁmmlizgﬁ@ (ﬁzgﬁ);l EZ;EQEI N'ﬁzg%)ﬁ?%gﬁz .8 79t 9
ppm gr %Bn}z %7 Em Gega |Ve
| ect o rdand Got t
ot ron’spray; HPHISIE Wedabt IR 18 BRAT 1070 dard Gl Lom
Loand 100 s of g8 %qugd CFORih PSEPVEMANAER). 3 BudelatioB R Bndistede 13 9

o e et (1 é@%ﬁg’ B g éren%féﬁ%qdcégéééﬁmaﬂynwmm? o e

was stirred at
coul d be det ectﬁigdmptd\lh&mﬁn@ﬂﬁtﬂlafdsmwﬁl gliﬁfbﬁhesuﬁﬁté | ¥610the V@

For 2 n. The r ceopate i 10e0de SONRAERIE baly e el LRA o, crpeFature

tenoved. The resi duehhhg Oﬁtheefdpdmnmmparecﬁwmdmdﬂﬁﬂ g 1080Fder I@24.h The
resi due wasyr edjt 3504y efho Al dflfh tl&f’fﬁ?@é@'%ﬂ&l&itﬁ dﬁ@#ﬁ&%@tﬂ@%ﬁg%"%er ed

through a paper.filter €s were renove n. The

resi due was- dr.wmawaim@%%orﬂéhfa@seoxeﬂwoimg taddfd g ofithe d was 4.20 g.

g:EB SCEH\N/(RN:BI;] - NIN® pEepafeddn E&ﬁﬁf:lbflrwﬂe e ddr FouTh tinfp erature overa o
In

2 966 pom (31 %“ﬁm&é?fh o B OSSP pégé“é«ggmdemp%w SORE 15 A

400 mi Hast el | mmmwmrwe@m@dﬁmﬁammmgafgﬁgswmz Whs PSEPVE

(150 g) andsl5 afheddvePthe neld @sas%f 'Af%gﬂ anarzhﬂ?? N aﬂa tpgg de. The

vessel was cl osed vacuat ene
fluoride (64, g)‘“’ﬁ?l’ﬁe’i‘l’cf’ ‘f gﬂ* %Q%‘ éﬁﬁk%ﬁaﬁtatﬁg%l&m:w@lc@tﬁor 18
hr. Excess prﬂmmea-emmﬁseamptbtand t he vi scous residue was .anal yzed by
19F NMR (acetone d Lndi d.r oner,. Estimated
‘conversion of 35 PSE%’?/EA}C %g&&%d%/fsbﬁ%ﬁgwﬁf fi%gkeafﬁﬁ% x\ﬁﬁ@ %’Wﬂg&i i zed at
100C (0.5 nun. Fllglftbfrbfewnéﬂlaﬂomm% be wmﬁ@ﬁmaalaﬂebrbwn reshdugh Andijasés

def or mabl e 2py amblrss?dde%oﬁédﬂfa@ft%ﬁasniotsﬂjdw'aﬁ&eiéegy\b 2{‘?@8 s O%‘) room

"t enper at ure unde s une, 2004, 19F
+45.5 (s, a=0. ﬁﬂé"’lﬂgﬁs TgL V%gf?mdby combjped gojutians beige 4. 038)
-108 to -115. 9re(s1du,evashdata8fm)11mehtalmm—s’,roﬂrfdr 16R2YRId is 3 8 g

ISF NMR in -ds-T.HF confirmed complete conversion of the sulfonyl fluoride
 groups of the polymer to imide. !F NMR Residue in dg-THF; -79 to -85 ppm -
| 25 (CF3S0,, CF3(CF), 2 x CF;0, 10 F), -90 t0 ~135 ppm (CE,SOs, VE, fluorines),
oy -146.0 ppm (CF(CF3), 1F); integration gives 28 mol % PSEPVE-imide in the
polymer. 1H NMR Residue in dg-THF: 2 to 3.8 ppm VF, protons.
EXAMPLE 16
CH,=CHCH,CF,CF;0CF,CF,80,F was synthesized according to the
30 teachings of Guo et al., Huaxue Xuebao (1984), 42(6), 592-5.
-As in Example 1, a round bottom flask was charged with 2.02 g of
CF350,NNa; prepared as in Example 1 and 60 ml of anhydrous acetonitrile
prepared as in Example 1. 3,73 g CH2=CHCH2CF20F20CF2CFstZF was
added drop wise over a period of 5 min. After 20-25 min, the mixture turned clear
35  and then generated a precipitation. The mixture Wwas stirred for 3 h at room
' temperature. The reaction mixture was filtered through a paper filter inside the
dry box. All volatiles were removed and the white residue was heated to 100°C
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(series of broadened ms. a= 1.651),-124 to -127 (bd m's, a= 0.766), -129.5
(s, a = 0.0244, assigned to internal CF[err] of CF3CF2CF20CF(CF3) -
fragnment (end 5 group), -144 (bd in, CF from PSEPVE side chai rislne 2004
Integration was consistent wth 24.5 nol % PSEPVE. Integration of end
groups fromdi ner peroxide fragments, assuming.that all ends are of this

type, gives an estimate of M for the copolyner as 106,000. 1H NMR showed
only broad si grfar i&hgt8.1Pa, 103 Fory. Jieldreas 31351y neF NMRin §iy(Ncamfenadi ed at
0.1 Pa, 10-3 Tahé stedturé €EHy=CHT RCOCHOICFIHO us THE was added

to the polyner , e E:‘j;% '_or?icrﬁaxture vvas{grezflat}@eggy%q% "16 h to dissolve
t he pol yner. 1. df *CF3S2NNa2 prepared in Exanple 1 were added at

room t enper at urgHCH, ChACEHBQIF,CCF, DR N(NaySO,QF,Et X80/66 gﬁﬁs‘(@g,l Efed at

room tenper gt urqgn _ i X Loldl, | ouid f.i.er

addi ti onal g 4f§) ’gycﬁ)'? 7@%@&"@?@?% @%@%@éﬁt %leﬁr?g)&p’%(m%f ter
all the CF3sc2NNBHas added, the reaction mxture so formed was heated to
S0C. After 3 dA¥ENRIR B CHOEMXROnBIgat e th ' :
conpl ete. The %ﬁcﬁ nq?hgéﬁé\r,ﬁ}g@s Sr %%T‘E? E%C_J&FS%G%F% hg'g&r@ gggﬁ%f\r?f%t’
centrifuged. A< '%@PP‘?( » 32 P U B, dEhar at ed from a dark
brown residue. Analysis 20 of the residue showed that it was nostly NaF
and excess CF3SO2NHNa starting material. Al volatiles were renmoved from
t he conbi ned sol utions and the beige residue was heated to 1 i0C at 0.1
Pa, 10-3 Torr for 16 h. Yieldis 3.8 g. 19F NMR in d[err]-THF confirned
conpl ete conversion of the sulfonyl fluoride groups of the polyner to .
~imde. 19F NVR Residue in dg-THF, -79 to -85 ppm 25 QF3SQ2, CF3(CF), 2 x
GF20, 10 F), =90 to -135 ppm (CF2S®2, VE2 fluorines), -146.0 ppm
FF(CF[err]), IF); integration gives 28 nol % PSEPVE-im de in the polyner.
1H NVR Residue in d[err]-THF. 2 to 3.8 ppm VF2 protons. EXAMPLE 16
CH2=CHCH2CF2CF20OCF2CF2SQ2F was synt hesi zed according to the 30 teachings
of Guo et al., Huaxue Xuebao (1984), 42(6), 592-5. As in Exanple 1, a round
bottom fl ask was charged with 2.02 g of CF3SO2NNa2 prepared as in Exanple
1 and 60 ml of anhydrous acetonitriie prepared as in Exanple 1. 3.73 g
CH2=CHCH2CF2CF20OCF2CF2SQ2F was added drop wi se over a period of 5 mn.
After 20-25 mn, the mxture turned clear 35 and then generated a
precipitation. The m xture was stirred for 3 h at room tenperature.. The
reaction mxture was filtered through a paper filter inside the dry box.
Al'l volatiles were renoved and the white residue was heated to i 00C 24 1
June 2004 for 16 h at 0. 1 Pa, 10-3 Torr. Yield was 3.635 g. 19F NAM in
CD3CN confirmed the strur-tare CH27- CHCH2CF2CF20CF2CF2SO2N( Na) SO2CF3 5
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J9F NMR in CD3CN. CH2- - CHCH2CF2ACF2BOCF2CCF2DS02N( Na) SO2CF3E: - 80. 60 ppm
(CF3, E, 3F), -92.77 ppm (CF2, C, 2F), -88.90 ppm (CF2, B, 2F), - 118.31
ppm (2 X CF2, A + D, 4F). 1H in CD3CN. CH2A=CHHCH2CCF2CF20CFZ-Jupe 22087 ppm
{CH2, C, tdt, 2H), 5,26 ppm(CH2, A 2F) and 5.74 ppm (CH2, B, IF) 25 |

- June 2004 .1. claim 1. A process conprising: contacting in a I I qui d

di spersion or “solution a conposition conprising a dinetal sul fonyl am de

sal t repr esent de¢lad: 5 the formJIa (RZSOZNM)S bMc wherein R2 is aryl,

fluoro-aryl, or XCFZ- al ogen, fluorinated or
non- quorlnated Ilnear cycllc radlcals haV|ng 1-10 carbons,
optional Iy substitut edCeRtactigdn gl Mis an al kaline

earth netal, b =1 or Zaﬁmpoﬁn@ﬂcmﬁ n%g§dﬁﬁbtﬂ|shﬁbﬁﬂ%nﬁ@e%k ?élﬁﬁb is 1
or an alkall n&%m@g&gﬁ Iﬁ%% 0, and M i's al kali tal en b =1
and ¢ =1, wPth ) Snot equal tot when b = 2 with. a non
.pol yneric sul fonyl fI uor whereoRP dsanyl, ﬂlaoroem'ybsem—bgbetdﬁlsHﬁélﬁgéml a .

o 1 Pobet ot og, et o Qulhe®br dor MGG MG cheff bt Aokt ottt °<

per f1 uorool efin havi ng 11419 cashansneptiopalisosnd Wwfedwmmmebﬂnemwagens nor e
ether oxygens, or tert'awﬁéﬂﬂweartﬁfﬁﬁw, l?or2RE=’0501al M%énmﬂ?ﬂé"ated

or non-f luyorinated, satur g sat ur d h droc yl. éne,” excep
per f | uor oall®yl ene, radi cﬁ‘l“ahﬁ' fred ’i Prag pthess Fﬁ Q@Gsﬁqamlé\é by
one.or nore ether oxyge_nisalkairmmalhrhenbellymﬁrdﬁlﬁwﬂtﬁmxﬁro%wﬂfatd@snot

conposition conprising ngaggg[ | epresented by the formula 25
- ECZ2CZ( R3SQ2F) J wher ei n I's g‘ﬁgﬁ dical sel ected fromthe group

consi sting of fluoMithated or non-fluorinated al kyl ene, including
oxyal kyl ene or 30 f! uoz aercpalykaek eeefodwhuaﬁae&ﬁﬁﬁdsﬂﬁhqaﬁraen%gog #gd each Z

causing hémto eadt %%(Sﬁa%epm Jreric i m de composi tion represent ed
by the formula _ wherein m = 1 or 2, where when m = 1 R! is a fluorinated or non-
: fluorinated, saturated or unsaturated hydrocarbyl radical except -
perflucroolefin having 1-12 carbons optlonally substituted by one
or more ether oxygens, or tertiary amino; or, whenm =2, Rlis a
20 ' fluorinated or non-fluorinated, saturated or vnsaturated
hydrocarbylene, except perflucroaikylene, radical having
1-12 carbons optionally substituted by one or more ether oxygens;
or with a polymeric sulfonyl fluoride composition comprising monomer
units represented by the formula

—[CZZCZ(R3SOZF)]—

wherein R3 is a diradical selected from the group consisting of -
fluorinated or non-fluorinated alkylene, including oxyalkylene or
30 . fluorooxyalkylene, but not perfluoroalkylene, and each Z is
o independently hydrogen or halogen, and need not be the same; and,
causmg them to react to form a non-polymenc imide composmon represented by
the formula :

- {R‘[sozl;'rsozkzlm}y
M ) .
35
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f R[SO2NS2R2]m) M35 26 1 June 2004 whereiny =1 or 2, Mis alkali or
al kaline earth netal when y is 1 or 2 respectively, m=1 or 2, where, when
m=1, Rl is a fluorinated or non-fluorinated, saturated or udsaneZ8dtd
hydrocarbyl radical, except perfluoroolefin, having 1-12 carbons
optional 'y s substituted by one or nore ether oxygens, or tertiary am no;’
or, when m= 2, Rl is a fluorinated or _non-fluorinated, saturated or
unsat ur at ed hydr ocar byl eféereis ¥ spt otk M s alkal atpw,lkaiweeaﬂhme@eéwhenwsmg 1-12
carbons optional ly. SUbSt loigfr@ﬁe&bt/el?{nﬁl@'l oFQrﬁh&EhﬁhenﬁWEQ{‘Bls aWi th the
provi so that when y = ﬁlnd .m = f q)ém{io re%P_ ﬁnt a conbi g I on_of
al kali and al kal i ne eart o ’?ﬂn g{pgqgtm%teﬁ yseearbyl i ni de
conposi tion conpri sing nmulmnhrexwptperﬂubﬂmiﬁagha\aﬂg byl 2tdachoh:e bptidrally
(-{Cr2CZ(R3g O2NSC2R) } - d| rad| cal

2 con5| st I'ng ﬁr%{{}a&hﬂ}m?féﬁzgs OB%HJ&W

sel ected from t-he group orina non-t 1°uort it ed
al kyl ene, including oxy*BRymene B isel flnorivairg ar ngn-Bnerinated, saturated or

perfl uoroal kyl ene, each anaﬁlmb@g Fare ! g,!l egégil,f aggoﬁ,gu@ﬁ; Q erein
the Zs need not be the 2 Rg{ﬂe % P or XCr err]- where

X is H, halogen, fluori &Fc MW&PW%O%OIMFP@%I Kyl
radi cal s having 1-10 cao:kmeas,mﬂttbepaivispthalbﬂientylﬁedn@mﬁnﬂ\ma re ether

oxygens; is an al kal i :glllf vvhen y is
2. 2. Thelv%? ocess of C reﬁfk‘%éht%éoﬁﬁna%n?? %& e pr. ocesséf%F Caimtl
further conpri & #ythasltermalive, 2 aplyaerie loidgoempopitign camprising monpmer usits of

G ai m 3 wher ei fepidignted BptheFornhiflpli d is an ether. 5. The process of Caim4
wherein the et her is tetrahydrofuran. .6. The process of Caiml wherein
R2}|s a perfluoroal kyl radi cal 30 7. The process of Claim6 wherein R2 is

a trifluoromethyl radical. % W1 wherein Mis an al kal i
netal, b = 2 ané c = 9. The prgiczé S% s(%]iﬂ)_ ein Mis sodium 10.
The process of Jdaim2 wherein R, is a perﬂ\{iuorovi nyl ether radical. 11.

- The process of Caim10 wherein the perfluorovinyl ether radical is 35
represente’ef by the fornul a :

wherein y =1 or 2; R3 is a diradical selected from the group
consiéting of fluorinated or non-fluorinated alkylene, including
oxyalkylene or fluorooxyalkylene, but not perfluoroalkylene, each Z is
independently hydrogen or halogen, wherein the Zs need not be the

20 _ same; R2 is aryl, fluoro-aryl, or XCF,- where X is H, halogen,
fluorinated or non-fluorinated linear or cyclic alkyl radicals having
1-10 carbons, optionally substituted by one or more ether oxygens; M
1s an alkali when y is 1 or ap alkaline earth metal when v is 2.

2. The process of Claim | whereinm = 1.
v 25 3. The process of Claim 1 further comprising an inert, aprotic organic
' liquid.
4. The pracess of Claim 3 wherein the organic liquid is an ether.
5. The process of Claim 4 wherein the ether is tetrahydrofuran.
.6. The process of Claim 1 wherein R is a perfluoroalkyl radical.
30 7. The procﬁss' of Claim 6 wherein R? is a trifluoromethyl radical.

8. The pr;)ccss of Claim 1 wherein M is an alkali metal, b=2 and ¢ =0,
9. The process of Claim 8 wherein M is sodium., | |

10. The process of Claim 2 wherein R! is a perfluorovinyl ether radical.
11.  The process of Claim 10 wherein the perfluoroviny! ether radical is
35 represented by the formula
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+27 1 June 2004 CF2=CF--0O_{CF2CF(R4) Ola---CF2CF2._wherein R4 is F or
perfl uoroal kyl having 1-4 carbons, z = 0 or 1, and a = 0-3. 12. The !
process of Claiml | wherein R4 is trifluoronethyl, z = 1, and Jumea@0840 or
1. .13. The process of aim1l1l wherein Zis F. 14. The process of Caiml
wherein R3 is a perfluorooxyal kyI ene radi cal 15. The process of Caim 14

where R3 is a perfl uorooxygKyre g@‘ﬁ fne F;t};e by the formula 10 -
--[CF2CF(R4) Qz] a- - CF2CF ereln ¢ gg pé‘f ég%ll kyl having 1-4
carbons, z 0 or 1, and a = O- 16. The process of Claim15 wherein R4
is trifl uororretthhdre.mzR‘hs Fhrpamimowgahevﬁgom darbong, z IoorAl eeess r, Caim 1

wherein the sul fony},fl MPOSLL I O urthe ris '
conononer units derll%/e rﬂrgc ﬁ‘g‘*%frl‘euﬂ)“’?!'«? g& ‘EﬂI'J‘P 1%25%9 but not

pm f | uori nated,2®P@Filns, non-fluorinated ol efins, :fluorinated vinyl ethers,

non-f | uor i nat ed vi ny, qrhemesmbmwﬂa h%ﬁof 20 18. The process of

Claim17 wherein th nomer ts are er| fromthe group consisting
of .ethyl ene, perfl u&'o%ﬁo"\?ﬁﬂ{&%ér‘v hegin, F%ﬁ@ﬂuﬁnogm’alhéenmdwﬂ nyI
fluoride, and m xtut%es Thepraess &%la@ﬂ%@&@s@ge@@k&ﬂx&ﬁkﬂbﬁé%c

~ cononomner unit dene fluoride 20. Thé process o dai m
19 wherein §\p§‘ g%ﬁ'ethff'#l%ﬂade is at a concentration of at |east 50

mol. % in tH sulfonyl fluoride 5)_ ner cgnposit_ion. 21. The process of
ﬂ&?&(%%@k?]thgrggﬁg;nt I n tﬁe sul f onyl %Eﬁ?;grly?rer at a
monomer uni ts Pectd REieKofBictifbrodty it n F4RA5855 24 achapfla 508 0l Coont
it he sul fonyl f|dér.abep@pwcémmlsawh@md%ﬁmmWom&thypztml;zadrml % -
23. The presesg=afod.aim 9 further conprising the step of perform ng an

wherein the i on exdiandie RS Gt Byeroidhs stmHLOTAcRamIan | m de wi th
organi c | it hi ucompdsitiomifarther astripvises @RoNBIdE fndisldetived &bﬂﬁth@@%p
PCT/ US00/ 3267 2cons1stmg of fluorinated, but not perfluorinated, olefins, non-fluorinated olefins,

fluorinated vinyl ethers, non-fluorinated viny! ethers, and mixtures thereof.

20 - 18. The process of Claim 17 wherein the comonomer units are derived
from the group consisting of ethylene, perfluoroalkyl vinyl cthcr vinylidene
fluoride, and vinyl fluoride, and mixtures thereof.
19. The process of Claim 18 wherein the cozﬁonomer units comprise

vinylidene fluoride.

25 20. The process of Claim 19 wherein the vinylidene fluoride is at a
concentration of at least 50 mol % in the sulfonyl ﬂuon‘de pol'ymci: composition.

2 ) - 21. The process of Claim 1 wherein the monomer units represented by the
' formula -[CZ,CZ(R3S0,F)]- are present in the sulfonyl fluoride polymer ata
, concentration of up to 50 mol %.

30 22. The process of Claim 21 wherein the monomer units represented by
the formula —[CZ,CZ(R3SO,F)]- are present in the sulfonyl ﬂuonde polymer at
a concentration of up to 20 mol %.

23. The process of Claim 9 further comprising the step of performmg an
" ion exchange to form the lithium imide.

35 24. The process of Claim 23 wherein the ion exchange is performed by

contacting the sodium imide with organic lithiuvm chloride solution.
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25. The process of Caiml wherein the conposition conprising the dinetal
sul fonyl amide salt conprises at |east 50 nol % of said dinetal sulfonyl
anide salt. 26. The process of O aim25 wherein the conpositi dnuoedfP4 ses
at | east WOOBIA 9% of said dinetal sulfonyl anide salt. POTUSINS26120cesSS
of CQaiml wherein the dinetal sulfonyl amde salt is contacted with the
non- pol ynmeri ¢ sul fonyl fluoride conposition causing themto react to form
t he non-polyneric imde conposition. 28. The process of Claim1 wherein the
dimetal sulfonyl amide salt is 10 contacted with the polyneric sulfonyl
fluori de conpositi @A cibsprgesshoéQidim Ir ebatin ﬂﬁ@ccfnﬁp’o@iﬁbh%oﬂ hgiﬁgﬂiec i m de

commos! 100, S8 it st Sl P TS L L i 2,

pol yner conposi td on, further conpri &r fonomer °
perf | uoro-ol ef I The process of Caim?29 wherein the perfluorolefin

is 15 tetrafl uor oet25y| Eleprobsx af Claim Q5 veHeydi i &Enpasxﬁ&fif'&brﬂﬁée%t jkdereof . 29
53 90 mol % of said dimetal sulfonyl amide salt.

27. The process of Claim 1 wherein the dimetal sulfonyl amide salt is
contacted with the non-polymeric sulfonyl fluoride composition causing them to
react to form the non-polymeric imide composition.

28. The process of Claim 1 wherein the dimetal sulfonyl amide salt is

10 contacted with the polymeric sulfonyl fluoride composition causing them to react
to form the polymeric imide composmon | |
} ~ 29. The process of Claim 18 wherein the sulfonyl f!uonde polymer
‘ composition further comprises a termonomer unit derived from a perfluoro-olefin.
30. The process of Claim 29 wherein the perfluorolefin is
“15 tetrafluoroethylene, hexaflucropropylene or a combination théreof.
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