WO 01/ 40174 PCT/ US00/ 32672 TI TLE METHOD FOR PREPARI NG | M DES FROM SULFONYL
FLUORI DES FIELD OF THE I NVENTION This invention is ,directed to a method
for prepdWOWR&40174fi des from 5 conpounds having a sul fonyl PCTUSP02672
functional group. The imdes so prepared are useful in a variety of

catal ytic and el ectrochem cal applications. BACKGROUND OF THE | NVENTI ON
Conmpounds having a sulfonyl fluoride functional group are well known in
the art. In particular, vinyl ethers and ol efins having a fluorosulfonyl
fluoride 10 group have been found to beTJ&ELEi cul arly useful as nononers for
copol yneri zati on f QRN eis qjﬁm{mﬁ FONTY/ FrdfoRmSggior i de
and other ol efi n%qgr%ﬁfmkoﬂrwo%#e_l ni c m)no rs to form %OFILymers %ﬁii ch,
upon hydrolysis are converted t nmers. One area of

i nportant use for i d'hﬁfmvamoﬁdls difvereddo & $ndthod foe ﬁb&@ng)ifnnﬂd:stﬂ‘bmlm batterl es.'
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in the art. For exa 463, 00 di scl oses
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It is also known to prepare imides from compounds having sulfonyl
fluoride functionality particularly fluorinated organic sulfonyl imides are known
- inthe art. For example, DésMarteau, U.S. Patent No. 5,463,005, dlscloses
20  substituted perﬂuoro-oleﬁns of the formula

]
' CF=CF-R-X-SO,-R

(SO2R)m

where X=CH or N, Z=H, K, Na, or Group I or II metal, R = one or more
25  fluorocarbon groups mcludmg fluorocarbon ethers and/or sulfonyl groups and/or
'.perﬂuoro non-oxy acid groups Y= perﬂuoroalkyl orF,andm=0o0r1. '
o Xue, Ph.D. thesis, Clemson University, 1996, discloses the formation of
the monomer

30 CFZ = _CF-OCF2CF 2302N(N3)502CF3

by reaction of CF = CF-OCF,CF,S0,Cl with CF;SO,NHNa in the presence of
NayCOj; in acetonitrile. However, Xue’s method is not applicable to the sulfonyl
fluoride species without first protecting the double bond.



The inventors hereof have determ ned that Xue's nethod of preparation
provi des wa og@giyg" Si on of less than 10% from CF3SC2NHNa t opCF/8860/3b2. No
method 5 of separation is provided, nor is any nethod provided for
preparing the CF3SO2NTNa2 at higher yield. Thus no neans is provided for
producing CF3SO NNa2 in a highly purified state. Xue suggests that
CF3SO NNa2 can be reacted with a cyclic sulfone of the formula

OCF2CF2S0RCF( CF3
CE- G:FZCFZSO(2N ) &Q&Pﬁ,alktslglo?sed sb@@émn%?ég ?ug %ﬁmﬂ)egt ween CF2

Na
= :CFOCFZCFZSOZ%F %QZN@SS@N%W%WWGEM fOLRUE BB AL TBA RPN r e of
products. Xue mk&ﬁzeﬂﬁmmeuﬂgm&aﬁnﬁéa&ha@ﬁmma of Preparation proeides

converting sulfon erffer
et al., Chem k@F Iénﬁfle%ghmhﬁm’ 8?1%% %’%d% é\}smau[gg?oses a
met hod for éynpﬁwm%lmm nmhl@raaymquda)rowécdfonprapmmg/the 20 Feiring et
al., WO 994504&@% Wﬁﬁé’c'h‘i’ﬁér?ﬁem?t'ﬂﬁﬂnﬁ%eagmsg)r Eélifof' Hﬁhbxﬂgt ed vinyl

et her nmononers ¢ fluo oup. protecting
the doubl e bon&F aﬁé Y PP 34 Staee oh éﬂsaestﬁl%ﬁl’a@z#%z%beu mi de.
Armand et al, E&&eﬁvﬂﬁ&@rﬂﬁcé\ﬂfondlofdiecfeﬂﬁula method for imdizing 25

sul fonyl fluoride and chloride species containing aromatic rings. SUMVARY
OF THE | NVENTI ON The present-invention provides for a process conpri sing:
Contacting, in a liquid dispersi orOCF;EB{SQICFICFA conposition conprising a
sul fonyl am de salt represented bt t he fordul a: 30 (R2ZSO2NWb) 3 bMe (111)
wherein R21¢s aryl, fluoro-aryl, or XCF2- where X is H, hal ogen,
fluorinated or non-fluorinated |inear or cyclic alkyl radicals having 1-10

c?rk blons opt It ﬁﬂﬁﬁrtb&fo%ltﬁbshh&lt&}%i midhofHie, COF, FCFEOEEJTY, EE S0, cigl i st ﬁn\m

al kal i ne ear e ear en
bis 1 or an aftyd SCFP(?F%PY ?/cxfofghs %reﬁgno?q%?ﬁ»ae@ CJM &gﬁg}a 5% 140174

PCT/ US00/ 32672CF3SOgVHRA to predude ammusablccdmldwdnmctmejqf pradubtst Kaemrakes so t hat
C is not  pquahe &glsti@!ﬂQﬁ‘athPESézNNa? is el AAbMVEidEsutidhlPYdrdk! uori de

conposi tion represent ed
P gont%m%g compgunds to imides.

MeuBdoerffer et al., Chemiker Zeitung, 96. Jahrgang (1972) No. 10,
582-583 discloses 2 method for synthesizing RSO,NH, wherein R is
perfluoroalkyl.

20 Feiring et al., WO 9945048(A1), provides a method for imidizing
fluorinated vinyl ether monomers containing a sulfonyl fluoride group by first
protecting the double bond and then converting the sulfonyl fluoride into an
imide.

Armand et al, EPO 0 850 920 A2, discloses a method for imidizing
25  sulfonyl fluoride and chloride species containing aromatic rings.
SUMMARY OF THE INVENTION
The present invention provides for a process comprising:
Contacting, in a liquid dispersion or solution, a composition comprising a sulfonyl
amide salt represented by the formula:
30 (R2S0,NMy)3 p,M', (1)
wherein 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' is an alkaline earth metal, b=1or2, c=0or 1, M is an alkaline
35 earth when b is 1 or an alkali metal whenbis2 andc=0,and M



5 formula R (S2F)m (1V) wherein m=1 or 2, where, when m=1, R is a

fluori ”ﬁb‘?ﬂmﬁ‘fn non-fluori nated, saturated or unsaturat %Wﬁo{ggﬁbyl
radi cal , ~ éexcept perfluoroolefin, having 1-12 carbons optionally

substituted by one or nore ether oxygens, or tertiary am no; or, when m=
2, 10 Rl is a fluorinated or non-fluorinated, saturated or unsaturated
hydr ocar benyl radical having 1-12 carbons optionally substituted by one or

nmore ether oxygen; or wfhg.aol R L aonyl -f | ' sition
conpr.i sing nononer un?gltas r_leprgs‘ﬁ%ptaebld })%{ae%ﬁﬁr}ﬁﬁﬁﬁf%@ﬁ‘%ﬁg%ﬁ%gs@g ]-
(V) wherein R3 is a dfguhtochwhendt séted from the group consisting of )
fluorinated or non-fwithrinated al kenyl, including oxyal kenyl or 20

f 1 uor ooxyal kenyl , an .S _lpd dent | v _hydrogen or ..hal ogen, and.the
Zs need not be the s%xrlr(gr?sg ?@%‘ﬂ@f‘ﬁ’?‘?“ﬁ@ﬁf’ ’ép?sété%’%{’rc?s%ﬂﬁygthﬁon- pol yneric
i mi de corfosition riopnule&HEXBy (e fornula {R [SENSO, 7R2]n} y (1) M

25 wherein y =1 or 2, Whéréinah =al &3, WhtheeRndh inS= 1, RY iSMa@idhallige earth
nmet al vvheny|52,m=I(_) or

é 2, gﬂere, \Aﬁuen nFl, is a_fluorinated
non-fl uori nat ed, sat ur ZPsEHGM3FHsUEHE @H“%?@F%%’FWC*‘F‘%IF@&% 30 except
per fl uorool efin, havi nexcéptherfiuordndef, hpting hdRlcarbendsptionallyeshbstititene or nore
et her oxygens, or terty 1 NO° re Jj.n.= . ' f1aorinated or
non-fl uori nated, sat ur%f‘?e% dg??:cgggtg uorxalp@%, %‘Iﬁa&:é}"%’g%ﬁ {”?‘gg{nca > havi ng

1- 12 carkbbns opti onal | B sadliorinated ar nonyflypsinated, seprated phunsawiratetens, with the

proviso that when y = @ydadcatedlylifadical hahgayl 2 QFS0RS 8pionally ubdtiedd on of
al kali and al kal i ne ebarth netals; 3 WO 01/40174 PCTFUSO0/ 32672 or, in the

alternative, a pol yner |?’C°qerﬁr3é°rf:8 oY EFBh conpri sing nmonomer units
represented by the faswith apqlyhai ofoRgSTRNEOr fapgsitioncofipriingM 5
monomer units represented by the formuia _
15
~[CZ,CZ(R3SO,F)}- ™)

wherein R3 is a diradical selected from the group consisting of
fluorinated or non-fluorinated alkenyl, including oxyalkenyl or
20 fluorooxyalkenyl; 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

R [8021;150'2R2]m}y )

M
25

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, R1 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,
Rl! is a fluorinated or non-fluorinated, saturated or unsaturated
hydrocarbenyl radical having 1-12 carbons optionally substituted
by one or more ether oxygens, with the proviso that when y =2

35 and m = 2, M may represent a combination of alkali and alkaline
earth melials;



whereiny =1 or 2; R3 is a diradical sel ected fromthe group consisting
of fluoriy ?h%ﬁi non-fl:uorinated al kenyl, including oxyab&EOg0/32672

fl uorooxyal'kenyl', each Z is independently hydrogen or hal ogen, wherein the
Z's need not be the same; R2 is aryl, 10 fluoro-aryl, or XCF2- where X is
H, hal ogen, fluorinated or non- fluorinated linear or cyclic alkyl radicals
havi ng 1-10 car bons, optlonally substituted by one or nore ether oxygens:
Mis an al kali whe N, used
herein, the term "rgra’\ynﬁn'§ A&?IB&“% ? Lﬁ/g‘le?e? rg?(?rereégem ?lgémcngsg?lx%hﬁn%geglsl ow
at |east two comonéﬂﬁ@rﬁse&‘%@?wmure to react to format |east one
product. "Reacting" may optionally include stirring and/or heating or
cooling. BRIEF DESCRI PTI ON OF DRAW NG, Fi gure 12|s a representation of the
apparat us enpl oyed for det er i $il6ZCHR SOQNGQE of-}pydr od8h gas evol ved from
the reactions described in the specific 20Menbod| ments herein. DETAILED
DESCRI PTI ON The process of the present invention represents a sinple nethod
of providifg a very wide range of im des vvhi ch can be readily and
variously ion exchanged o prOV|de superacid. cataly el ectrol ytes, and
i ononers useful for 25 ¥ %E‘Pryocll]é’ﬁrc%r lsa"p‘é‘ﬁdé‘%ilﬂﬁﬂ?%ed Wnth%gfﬁ?‘ﬁctlce of
the invention it is not aesietsgsfflicRinhtedsdr nph-dluetihatedalkedylpincludidgnd of an

LS o o St Bl oAl 5H Ol AR 201 BBy Wb 0o
pol ymer conpri sing monon@r am,gﬂh%ﬂndheiﬁlswbdum the same; & isAtyLmononer
units conpigsing a pendamorwmerpgwh&ybdlemhalhg&p&mdﬁnitem&tﬁdanal ity,
particularly a perfl uor oy E)aé}her rfI rlor% Sﬁ@ | 89\6 uori de, such
as described in Doyle et oalikyl radigals hayipg ociaﬂ:l% art for
converting sul fonyl fl umptmaallymbsmmadda/me@rmireathtm%bhseMmanlﬂcah
copol yners of WO 9941292\(,&;“) EQ%r%%Wﬁm@%a@FPﬁgil l§§>nt ai ni ng

o) base

vinyl i dene quorlde nonQ unlts ecause |nstab|I|ty of the
vinyl i dene fluori deAfBfed {ISE;’C‘ Rt THARtRS IS itendef fe msanpllewaE gFt0 4 WO

01/40174 P(3T/ USQi 3A6aé2 two eommponents ireX keadtbn fusatet o mcmﬂbﬂblaeleda@ﬁadat I on
of the pol yner ba uoride c ai s. The
poly Bﬁﬁ& ﬂgachﬂ 1¥1 OﬂX};tm‘?ﬁﬂ? HE,‘JSI? stlrrm a(.)n%.t/’ hr&tr%g O?GFEO%

nmet hod of the %resent FHVen pI OV verS| on
quorldet0|mde|n V|nyI| | yner s vvlthout

gﬁg(rj adatlgn_I 9f_the x\énIBiE: ab@ﬁkéeﬁﬁﬁonéftﬂe Jppﬁa%eﬁ@myeam&aﬁmnghe term
ydr ocar by

voslu me of g}’fmgen gas evoqvgd from the reactions described in the specific
20 embodiments herein.
DETAILED DESCRIPTION

The process of the present invention represents a simple method of
providing a very wide range of imides which can be readily and variously ion
exchanged to provide superacid catalysts, electrolytes, and ionomers useful for

25 electrochemicai applications.

In the practice of the invention it 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. |

Equally useful is the imidization of a polymer comprising monomer units

30 of vinylidene fluoride and monomer units comprising a pendant group having
sulfonyl fluoride functionality, particularly a perfluorovinyl ether
perfluoroalkoxysulfonyl fluoride, such as described in Doyle et al.,

WO 9941292(Al). The methods of the art for converting sulfony! fluorides to
imides are not applicable to the copolymers of WO 9941292(A1) and others

35 embodiments containing vinylidene fluoride monomer units because of the base

instability of the vinylidene fluoride moiety. Application of the methods of the art
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nDnoradicaI consi sting of carbon and hydrogen. Included in the term
hydroqﬁbgmhl1§re al kyl, cycloal kyl, aryl, aryl alkyl ajggdiokiédis:

Simlarly, % term "hydrocarbenyl” is enployed to nean a diradical

consi sting of carbon and hydrogen. Both hydrocarbyl and hydrocarbenyl
radi cal s, as enployed herein, 10 nmay contain one or nore unsaturated

car bon-carbon bonds, one or nore ether oxygens, and nmay be partially or

fully fl b b | di cal
suitable f E'r‘Q‘?ﬂgg"p@?%?’%M%éﬁ%%%%%'?%ﬁ‘r’%§t%sf’°#? bESERRERY ¢ Cont o ni ng
per f I uor ol ef vinylidamefiugride ¢onjaining pelymessi Eheimathddof thepregsnbinventiorof  t he

i nvention. PﬁbHdEQf&cMﬁMxo@&ﬂlﬂ[fo bSO R ibdide xhwﬁéne fudgef erred. Thus,.
the 15 functional.

.S n sujta ut the functional
group CFR2=Cienggmmn eBSn‘Wh%%: °BG?&'F§°LW‘?6 ﬁ‘i’kgf”é?red. I n one ‘aspect
of the pr¥esent inlnethepmsgntdwnntimi, theuedmYhyldrazatbgtE’ is elnploybditd mean ¢ he for nul a
( R2SQ2NMb) 3- B%l&a‘?xl:illcbnﬁﬁﬁx (P REoh %lob@f&b%h' d{eﬁ(iﬁ théGedpent s for

es oun

preparing in roma w evarlet having a sul fonyl
fluoride 20 Thydracaibwh]are 9“‘}’11963(0&04“?36 -g@lﬂyﬂbr‘h‘% speci es.

In the di metgim “bydrocafbenyliis efiplogtd ® tﬁ&ﬂnta&iﬁaﬁlcﬁpdonﬁlb@lglém%? alﬁﬁ t he
al ogen,

I nventi on, r Filols
fl uori nat ed%rdr?ﬁ)e #Oﬁho?)l} nat %(Yl %lydfoc@rbenqul\@ aﬁslprioryﬁghsgfns havi ng 1- 10
car bons, 10pt ayednityin one ot moxgtuasatimated sarbon-carbos bondshone arxypopsether M i's an

i 7" SO sy el S i, Rt LR CE
when b =1 aniydpocarbeny kk/ﬁa‘tklﬁaEﬁﬂmﬁg@ %e PW&PC%" ﬂée '&ﬁ%‘b@&le"f’? Ithﬁ\ﬁhen b =
Preferably, micals céﬂtammgqiekt]nordiaﬁm fimctentlieark aotsspitalle forphepmctidelof R2 | s

Cr3-. Pref egﬂ?kx%em%d SPe?ﬁho?+ r| i s‘ﬂ'l 1059“?9?%0”152’%&9‘“@ tlfé“d b =

I n one enbodi nent a non- conposi tion

r epr esented Myctignal $T8\‘RTGFa_ -CEppisnat ﬁ“ﬁa‘PlF&B’itBe fmstienal BEWWPor sol ut | on i s
contact ed wiCh,=i0R04ismet adly suitdblybilt ivdlicigrefepded.(111) to forma reaction

m xture. in =1 Ol

non-fl uori nat ed, sape&% fmg%eganlﬁ% Ogtl}ilﬁ{ %lg%lgdrng mc??fgsaﬁhén ng 1-12
car bons optltbﬁﬁ?wlas@ﬁ&)zm&bl\ﬁy(@éfc f@lﬂ“‘hﬁ’rt@bégmﬁF eptiyg@aents B cept '
per fl uor ool qire;mnngﬁnﬁdes trof d/widelvagicty Of conipiinds Baving’a sulfonll flugridge f | uori nat ed

or non-fjuor {0% ’ntgfl?ottﬁ' %gq%l%?#cn tgrat%%%g&&f%wedmeagl cal havi ng-;.

1-12 carbons I on e “or
pref erably rauHo 11)!1 amﬂfesaba sﬂ@bbtfpyﬂlnwmcsss qfthe igventioay RY mvalmrp et her
represent ed arW ot XEF Gﬁﬁ&@ R iSHV¥E216dend fhldithab¥d or HoR 91h3RRAted linear or

CP2-Cr- 0 (CELELI)) P o ASCEL Lol il SR, 12110
trifl uor onetedtlydr oxygeng, Mdaan alkalirg earthnetal, b=1o0r2,c=0or I, M is an alkaline =
25  earth when b is 1 or an alkali metal when b is 2 and ¢ = 0, and M is alkali metal
when b =1 and c = 1, with the proviso that ¢ is unequal to 1 whenb =2.
Preferably, R? is fluoroalkyl having 1-4 carbons; most preferably R? is
CF3-. Preferably, M is an alkali metal, most preferably sodium, and b=2. .
In one embodiment, a non-polymeric sulfonyl fluoride composition
30 represented by the formula R1(SO,F),, in liquid dispersion or solution is
contacted with the dimetal sulfonyl amide salt-(III) to form a reaction mixture.
m =1 or 2, where, when m = 1, Rl is a fluorinated or non-fluorinated, saturated or
unsaturated hydrocarbyl radical having 1-12 carbons optionally substituted by one
or more ether oxygens, except perfluoroolefin, or tertiary amino; or, whenm =2,
35 Rlis a fluorinated or non-fluorinated, saturated or unsaturated hydrocarbenyl
radical having 1-12 carbons optionally substituted by one or more ether oxygens,
preferably m = 1. More preferably m = 1, Rl is a perfluorovinyl ether represented

by the formula
5



I n one enbodi ment, the process of the invention may be conducted in the
absence o t liguid diluent when a sufficient exces I d

Ri (SO2F) m c?@”‘iﬁ'g‘{/l ded to ensure good m xi ng. However, in tsPhée)If/% Jesncg of an
inert diluent, the reaction may proceed |nhonngeneously, and is
potentially subject to sudden 10 deconposi tion. Theérefore, it is preferred
to conduct the process of the invention in an inert liquid diluent.
Nunerous aprotic organic liquids are suitable for use as an inert liquid

di luent for the process of ts are not strict
beyond liquidity and i nert(ﬁ‘gégmL ﬁ Lé%%b}—éﬂ & 5ol vent that

di ssol ves the nmonomer but not the NaF by-product so that it can easily be
filtered of f. MehebkinRetris Edrbmuommr@vﬁ@m&mucﬂ@IMO 881, Tdddn D030 | es,

DMSO, am deg, re nore erred, with THE nost
preferred. $he%r2gsat1 #%%81#& gﬁﬁﬁiq@borg{ne% tgnﬁ’?é{‘éﬂ?r‘g Ihet ween t he
freezing and boili ﬁgo;;@f:rn Cbmenthﬁxelpumess of the inyentidrumay be Romincted irptheat ur e

has been found
nvention. a‘e’%;‘ffgz‘é??%?ﬁ‘*‘“‘“ﬁ%%‘?ﬁ"{"‘%’?%e@zﬁ%%& G T S C e .

room t enper at ur‘%p’PB FRSHE 80Pt Btixinge dowener, ﬁle@etab%mcw&wnen diugntef er abl y
stirred or ot hehedesetionghayagrocted intmimbgegeously, mniaot‘eﬁﬂmnédbjdem UeRien | nht he

I fiypst vention, the
roduct - 28001 BRERBIER, IRBRIAN ol f (L RGEN I rotetf oL BETVRRE 1 o1 il
CF2=CFO [ CF2CF(lm)n=t9] qw@@aﬂz@@mnmmg@w ligyids/arerswitable forase ds It i s

a particul arly afi iiept liguid GilRAPRE thedrod 3§ o PIHR SNV HntibM RO tgRiRerhB are3B: t NE
conver si on of tg}‘j&BSOZF H‘%l{gﬁ’én@ he effected w thout t e necessity of

protecting the yong di St 13§ Predsrrad o use/p polyent thay dissolves
advant ageous| y theygoramrdptuptaise Mak byrprasiuet sasshatit édnueasilybé Bllered offl ns,

non-fl uori pat e@Gtedd figuids dré HAE Iﬂﬁ.{]gr orinated vinyl
ethers, and co gcﬂat | (']}ﬁjgé s ereoﬂsnﬁhgrgglﬁerre C(l)nb%%{nget?s%‘{l néH Ellld‘:pe et hyl ene, |

t et r af | uor oet hytifeianesy 36 Foreprefisy VEhd Hiyspstiniefewed-ky | vinyl ether,
vinyl i dene fl uori deThersictiommhy b¢ conducted at Sopem Bﬁfdréb&@e&ﬁlﬂxefﬁa&ﬁﬁg (Vi ¥ )

with a variet yax? &Hn%ﬁ&ﬁf@tﬁe l@ﬁld L?Meﬁf:tﬁoo g peéﬁmglh%ﬁgge&otlédl(g to the

t eachi ngs of rte tg nor e
broadly, nay bée eatisfactozy) ing eafe&rmgi qmtpdnn@nt@cﬁﬁxeanv@tm Tempezfutes from

PCT/ US00/ 32@72moaomqie+ameto 80°C ar® puitdble, withrobRNeMBirausOtol G0PORSbrar e usef ul
in a wde wvari ﬁ}e}l el ectrochem cal appl I cations. One area of particul ar
Fum

utility is in: batteries. For this purpose, the product nononer,
(VI11), may be ion &herraskpagmixgre krepreferdbilyistirfesk ondihyerwisetagitatedigecofidinge

monomer (VI 11 )tmgﬁs%oﬁkﬂmu)ee,ﬁﬂbygd,g@h@{my Cl in THF. The polynerizations

In a first preferred embodiment of the process of the invention, the product
25  of'the process is most preferably as represented by the formula

CF=CFO-[CF,CF(CF3)-O],-CF,CF,SO,N(N2)SO,CF; (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 the double bond. The product so-formed, (VIII), may advantageously
be employed as a comonomer with fluorinated olefins, non-fluorinated olefins,
fluorinated vinyl ethers, non-fluorinated vinyl ethers, and combinations thereof,
Preferred comonomers include ethylene, tetrafluoroethylene, hexafluoro-

35  propylene, perfluoroalkyl vinyl ether, vinylidene fluoride, and vinyl fluoride.
Copolymerizing the monomer (VIII) with a variety of co-monomers may be
effected for example according to the teachings of DesMarteau, op.cit. or of
Feiring et al., op.cit. or, more broadly, may be effected according the methods of

6



I ndi cat ed above may then be effected. In the alternative, the

pol yner, first be effected, followed: by 1 on ppaksd ith LiCl
in THE*ﬁﬂi(ﬁ(ﬁg‘ft ernative enbodinent, the preferred sodiumi m@,g‘&'eh%\ﬁc t he

i nvention can be treated with aqueous acid to formthe acid followed by
treatment with aqueous lithiumsalt to 10 formthe lithiumion
conposition. In a further enbodinent a sulfonyl quoride pol ymer
conposition¢ on{gcted h, t he di éis EIYI &e sat [11) in
liquid di sperZPGHY &tas 86t e‘°P8mF{§rsﬁn &“’Fe a%?l‘%? rH‘%t“ﬂ ol yner
conpri ses nmimnhmpalsppMIant ed by the formula 15 [CZZCZ( R3SO2F) | -

(V) wherein R3 i r Pothis B of .
fluorinated or no(?ln@?rl uorl eaé%61 ﬁgﬁﬁﬁléﬁlﬁgiﬁﬁﬁ oxyal ken §é o

t
f1 uor ooxyal KR ctn&ﬁanera&%ﬁﬁ may bgign YR dofEh 36¥°“I‘F§F‘B§en, and
need not e mélmoam(w’rl}emhatheda&tmaofm(ylahla‘émllmelpmlmerfzam preferred

enbodi nent (

O [ CF2CF( R5-! ’Fété%%%%ﬁéj%@éc@s&’? alEmativd, °c®ym°'bzeatr‘ P18 %al kyl
havi ng 1-4 c@rsmfectzd;fobowdbywmaclwnge mt!; LICN@sTHIf)r braayaltsmative; | s

trifluor onetéptodindert, tﬁep@fareasodxﬁanmxde ofihelmeﬁmm%mate&m t he nonomer

Comononer . urfesi A Gyt ot S P> et M TP R B BT ous.

ol ef i ni cHl | yfounﬂwtluh:ameidnspmmsamms identified in the 30 art incl udi ng,
ethyl ene, vinyli Ciﬁamﬁe&'eﬁlbgﬁu&gﬂ)suxf& 1 ¥horidd S8HAEr c&r%sﬁem nations

thereof to formterpol Itiona r

t et raf | uor ocORipFisAdvth Hé;&ﬂ%ﬁ'b‘ Ry FRIs éaltb@ﬂ‘ ‘t“aélﬁ?ﬁ‘im%l%ﬁ?mﬁ‘?’hers and
such ot her tetfdsmi £reacivn igixturs.aThe pdlptiesqegrizes menamer daitoveprésantetibyart . 7 WO
01/ 40174 PCthfoQ‘% 2672 Particularly preferred for the practice of the

I nvention is a copolyner conprising up to 50 not % nost preferably up to
20 not %35 of conbnomer units (I1X) and conpnomer units derived from VF2,
nost preferably at | east 50 not .‘{/czgtz(m@sggp)] units derived fvom VF2. It is
a surprising aspect of the present I nvention that the copolynmer of (IX)

wth at least 50 mot % of units derived from VF2 can be successfully
react ed accovhtireig R ds 2 dizadigadsaleptedfrom the grayp pensisting of flugripatedipx non-

cor r espondi rmmhimd& alkB9g; aiuaedﬁg ok&meﬁ@l br ﬁmwwau&ﬁyll axed sWoh Ziik y of

<ul 1 onyi 2D 11 g ot oo aode s Snes Al AP 21

trace anou ntcs:ydkenyl In a second preferred embodiment (V) is represented by the formula

-CF,-CF-
' O-[CFCF(R*)-0,],-CF2CF2SO5F -

X)

25  wherein R4 is F or perfluoroalkyl having 1-4 carbons, z=0or 1, and a=0-3.

Most preferably R4 is trifluoromethyl, z=1,anda=0 or 1. '
The polymer comprising the monomer units (IX) may comprise up to

50 mol % of said monomer units (IX). Comonomer units incorporated therewith
may be derived from numerous olefinically unsaturated species as identified in the

30 art including, ethylene, vinylidene fluoride-(VF5), vinyl fluoride, and
combinations thereof to form terpolymers. Additional termonomers include
tetrafluoroethylene, hexafluoropropylene, perfluoroalkyl vinyl ethers, and such
other ethylenically unsaturated species as are known in the art.



10 nmononer units derived from VF2 because the imdizing agents of the art

att ack t‘pg“p,%ﬁﬁrer backbone causi ng extensive degradatlonpci/@gumzs-m no
particular Itmtation on the nolecular weight of polyners suitable for the
practice of the invention. Aigoneric polynmers may thensel ves be |iquids
at or near roomtenperature and therefore are well-suited as the liquid 15
di spersing nedium of the process. However, it |s general ly preferred to

enpl oy an inert di b pRIErANY o oALiE B Lokt BY (B 1

nmol ecul ar wei ght of 2l I ncredses
viscosity becoﬁ%mPH%‘P%HEF%ﬁq ‘}7‘0 & Postreferabhoen @r?é) mMi Plcromenomenitss

reaction di fflcmtandrmommém;teaenmgmm bt FEEerdly & RARSERbL %1 X) 1 S
particularly vveHagisl ‘ﬁmts ﬂ Q{.Fc 20 of th %ﬁgt}‘lnventlon
because of the eyl ghe B I} 153 SByPrisipg 3sReshoLR PERSHol yrrers i n
non- f | uor i- nét ethveontiothat cnepolmw@f (B)uwitlo atdeast 50 sol YaNafirmits deri e fiodm ¢
organic |iqui dVFQrcﬁnSé‘kﬂc@Qsﬁlllfy%adtb?ac@&dﬁf@tX péc% oﬂﬂg lrﬁ}énﬁ ¥ fo I‘l’{]uorl de
pol ymer corrp05| tion in B*ngngxr ss of Q@[ nve solubility
of the polymer Hecorrshom ecaYsg of thervil WWPE&‘@&W@&S are 25
ethers, i ][lcl ud ViFg-cbhiaining pdlyrhexs thDhﬁ&od&ﬂftéﬁ&xt faflﬁm?iﬂgf ifliéieFom Kilfayb are
nore preferre ecause 0o imtations on
solubility asgoc%i\%%se ﬁﬁoﬁaﬁﬁle%ﬁfvf&@ﬁ% vvgligg?f more\%@trﬁ%q TN Ol e ght
pol ymers at® proBpmer wiits dstive fé\g‘?zd)epw»‘#élm izingagerunof thapynttack es ar e
as in the caset&fpouﬁmmboﬁgcm{dgrafdngweagé}mﬁ{o herei nabove descri bed. For

t he purposes herein..the roduced | th ces I nvention
i s represented by tﬁgerf’bsr’ﬁotﬁ%{m lﬂq@%@f ﬁ?‘)gf‘ ?{P°E3|Wer35 8 WO
01/ 40174 PCTI UsoabBXetrthe Pvmceoﬁhylmenum thd%ncspoaymhrs aﬂlychﬂm&ialleect ed

fromthe groupp€REsESS |ogg‘ gf ! driNa |
I ncl udi ng f>§<yal J<e&]l"ii ) e 5 ti/*gﬁ; ken e%dq%eggﬁ g&?ln%éﬁ%‘g%den!tﬁﬁy hydrogen

or hal ogen! ngﬂé’ 2'%“ BPFR‘}FSSb QwfYer, S‘dﬁﬁeneFély prefgprpd to empley o- ar yi
or XCF, - wher ear)(inleﬂ ditperigprefpeably & baloerit fiert thelpslymen NA Sthielnbsledulatvidghtiopear or

cyclic alkyl radi 5@’@? “ﬁj}‘éﬂ& LOI“‘?‘EQPQ{CI\%EH&UDg%%b&&%as%m&%%?%ﬂntgpt ed by one

or nore ether 0x é’art h net al
when y = 2. W ‘9‘ It-problems, maalipg bem%gmﬁ@lsgmmn diffignlt. Beg prefegred = i s
n‘e?nt to des | gaqsomdmfvm‘aena b&ﬂbﬁcﬁﬂcﬂr{g%)t i pé)liﬁt:ﬁlhrly Menlrsg{téd fo tﬁé"?)i}:a@{iché;as a
Yﬁd?ggf ed 4om Oftﬁ? B%Q&?%b‘}egﬁéﬁggescelr éhear§la§ ﬂé?&hef ?&é?‘ﬁ?’s link. It is also
passi bl e, depeﬁﬁz-ﬁgnglpmg rohaners in non—ﬂuonnated 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 a limiting factor. Preferred solvents are
25  ethers, including THF, nitriles, DMSO, amides, and sulfolanes. Ethers are more

preferred, with. THF most preferred. Because of the limitations on solubility

associated with high molecular weight, lower molecular weight 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 represented by the formula

{-[czzCZ(R3sozlfsozR2)1-}y
M
35



configuration, for the alkaline earth netal Mto be bonded to two segnents
of the | ymer chain. The process of the present i .o .S
preferaW?ﬁH%P@gt iced with a purified formof the dimet ﬁ@ﬂ%‘#“@ﬂ?fﬁ am de
salt (Ill). Xue, op. cit., teaches only a process 15 which provides very
smal | amounts of highly contam nated (111). The inventors of the present

I nvention have determ ned by ordinary nethods of chem cal analysis that
Xue's process produced wi.th conversion of |ess than 10% nost
of the remai NYEFERY T} &3 iédfFS’rﬁa‘BF%dﬁ‘éf‘%@?ﬁg‘hﬁﬁ'@éﬁ\‘im%@g%art| ng

materi al .  Ndluorhdredior monpfhworinded alkenyi) &:cardingfdsdyamem df fld@robkydilenyl) pure

form 20 In th t sul f am de salt
starting naieg%l %qu %W;ﬂgi%%ﬁim%wiey % g%’g:? ?ﬁ 83 qo?%ti be produced
at high vyiel game;| R? is pryl,)fluorpragyd, of Whersr o1 ogen, fkormnat pen-X i s H,
Eal ogen, Bi Bu%bﬂﬁététﬂhﬁai omlhf. hﬂt?”agﬁthﬁgla{qh §340 dafbonY,Jpkienalyk ) radi cal s
avi ng car optiona subst i n mre e oxygens,
M is an al ki a'? fbfﬁ“ X’BEL°Wg5?s’§&lsza§ %ka% "@‘eﬁryl 3&351“% kal i ne
earth when b eartimetal wheIaYkaiL |Whenn1= Mveis dn atkalineexith metal. Settingdy #12i s al kal |
et al) when Ditark Racigadte i ik diBfiBlefh 2, M ) 3i0Ghas E9uifhd 0 L when

b = 2. Preferabl I neta |s a

I1.S an
per f | uor oal k9F2 1§ Qﬂﬂl\gfglm ‘gﬁe’f?PEP%‘V‘QBT ‘;hamswécfy&fbmdmdmmpgsmon
trifluor ooet s sereitigeala memha'bmss-nmenn@galktepcﬁﬁtma@eﬁmg@ bialiairsur pri si ngly

t he di net al hi urities
than in Xue' géjr%)t{rg%g%}émaﬂgﬁ l&%%e rea‘ra?ﬂ]‘t°%§nn§%3‘°§‘?§? %’It%lgl}gﬁegter t han
90% nost pr%@ﬂh’?’tﬁbé@ter t han 95% by contacting a sul fonyl am de or
?Dngggf\l al) 38u| fonynaﬁaod&s sathe p&ékeﬁt?ﬁtexﬂawlmefe} x;aale(tmléhamha l%nhﬁegS ‘al

a eas . a i ne ear nmet a
hydri de and %fl?fb%?'?v‘ha a‘f}?a’yl ?}“’fd&s%t Qlﬁegf’loe?rfnmt ?%° PEFPSEE permitted
to reactlio wh;chm\{ldqsd'ma%barmmmﬁmwyoomarplmttdIIID%Thnhmmtursof :
preferred. 'Ehe ﬁ&enﬁménaeaha@nﬁm%dmaﬁ |méiRdds off@ﬁ&ﬁfaﬁx &%}3&1)5 a =1 or

2, M- |s al k | Qe .earth ne hydr ogen
when a = 2, F&ng’cﬁs}s ‘}"ﬁe‘*/\geb{(?m%wwwsw 675'2 thﬁ“l Po-aryl, or
XCF2- wher e Moptofithe Mamgsmf hes reactidnuproduch beidg uncomettefdl starting adaeetiial. | | near ar

cyclic al kyIN[,qﬁiémls ﬁ,ﬁ&g,&&%ﬁﬁgﬁ@ng)@ﬂ xture 0 ubstituted by one or

nore et her oxygenﬁl }%rl de nore than one al kal i
or alkaf?ne eart thf/BWFfféé’ rm‘éF“HP%ttH? “’Eﬁ‘alé}‘llf%ﬂyrl amydle saltRIring eart h-
hydri des. | f matepnbREBONM, )M oEHE), shouldniyst itsedf be gradoceal Adigh yikldh di f fer ent

hydrides bei gﬂﬁxfizt@a?r pﬁofo%f bP&F?% Qh&fe&;]ﬁ@i hhloBB aoHELEE 8P Y R2 15

per fl uoroal k fost
CF3SO2NHR |sn‘i‘1‘|@“‘§f‘@fe§rl¥‘é%f s eyelia allgyl radieals h#vms)i -19 cashans, ptienslly

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
c =0, and M is alkali metal when b = 1 and ¢ = 1, with the proviso that ¢ is not
equal to 1 whenb=2.

Preferably, M is an alkali metal and ¢ = 0, b =2, and R2 is a perfluoroalkyl
radical. Most preferably M is sodium and R2 is a trifluoromethyl 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

35 metal 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 R? is aryl,

9




CF3SO2NNa2 preferred for the process of t he present invention. The

preferre%&gléégzgzl c liquid is acetonitrile. Preferably thpctessizen to
produce t NNa2 is continued until one or the other starting

material is conpletely consunmed and reaction stops. Mre preferably the
stoichionetry is adjusted®se that only trace anounts of either starting
mat erial remain when reaction is conplete. Mst preferably the hydride is

added at sligh bel e d

and nononet al ?3%{’? 10 p% \)Phqggélélfgggﬂg?&éowﬂu%ﬁnate&-ro t)c sdg?léeeg?g] ©

enpl oyed in thbnw@cess@w@ik rasiept having h'éOGPﬂPétl%\IOPgQFF@erPSUé‘FFF Ry oRg,er;

gl): LLI I btjt tg?};ﬂ&é’&h@:‘ ox%ﬂéxis@'ﬁlllrheq{?dﬂt 4 ﬁeﬁﬁ b be Glnhikiuré bE@bfe than ﬂiﬂall;éﬁf'tﬁ' .
ity difference is exploited her cton product

fromthe react F-{kﬂ{m‘?ﬁmyéné%fﬁmw 8&?&@3?&% %W%‘?ﬁ g‘P éa stl foﬁyl

am de sal t s5at ptefarsdd, ﬂﬁrsﬁtmnkna%pr@eed oy sidgey vath differsnt [nQirides bf-%g fed e

preferably at q@% fhes.Whi ch salts are represented by t he
formul a (R2SO2 t%ﬁbamlff , ®%s  herei nabove. def |ﬁ|ed A &‘a e,nl ent

met hod known in thePaqferaﬁﬂa sléparﬂaﬂqq&yl apst prefqrabltmi
enpl oyed, i ncl yeditg. faF3soaNH9rsthspfafmédLmtm@maeanﬂ1forq&repanhgmeu on 25 Whi | e

it is preferre esi s of t Gpy

this may not a%@?gﬁ@%w&%ﬁeéi?!’r%%B’e"ﬁaﬁsr%‘ ep%ﬁge{lhlevéﬁ{%gfl cgg’ ven chosen
In neat adet onpiotic lignidi9asetanimiles rRrefsrablsthe ctdction i Pl’nd'(lﬁ& theiCHp¥P2NM22 r oom
temperature.  HowRVGhed Wt B tﬁéiﬁmeﬁéthﬁgmt&fal is%ﬁiwaay%ﬁsuhﬁauhﬂ ed for

100% conversion. In the latter_c e eparate the
reaction produfgacHeR $pes. tM@’%efF@g&tgﬁf@‘%aﬁ%eqde@ tggﬁ? g@% K&t hod of
ﬁepar at Ib on basashoune of titieer biartingafiateréal remainovhien sedctibn Is doynpdété.f Moshce

er ei nabove de YR t he
di netal sul fong’fer%llr%ﬁg %quﬁfﬁgﬁdaﬁ%h%ﬁﬁpurl gigwh%an e&i%ﬁ%iy”g has been
low. It ha$5been fASdhe Slplquyhém}ﬁeée@@@lqwﬂ%lﬁél MWID ﬁ‘(?eﬁqx‘ﬁ Lfnmt‘ltlﬁt
residual 35 hy dgtode sbiotiits employéd Mithé Processvif papasingthetdimerd] sutoayl amitié ony |

of the pr esent “HhEnib e Untsiaft e K |l Epbl BRGbINF 2T 2TF,

of the present
the process of diffesensedsenploifed\ierein orseparateshrsaetian prpdyet ffPE'EttheaCtmn

cont ani nat i on %M?é‘hndTJUtﬁn h%o Ebdlwxe@b nOphAGinide WsQi 149174

PCT/ US00/ 32672 sﬂf%i
prepar at i 028 tﬁg,lléq} o,qr%fg{?ﬁryﬁﬁﬁaﬁ&& t{%lﬁgt | O aib O?C'nt Ig%ﬁ é;}\?gg.fqr I\?H inits
conver si on, t haevhib-saits ke rmeseg;qdm@ﬂ,mw Seewbba‘.the(IHblaam o

intermediate C'ﬁéé@%mﬁn%d CARY ENnveﬁﬁH?ﬁ@tth%d KR wH RS thie A/ 1b# de E&aﬁhg)n cycl es,
preferably usin e di,nmet al

sul fonyl ani de$ Stﬁ(?‘-(sqr‘] Ihg;“ld? %Jn%;f S e EW &gg‘%‘ﬂd‘f‘ﬁzﬁu‘?r 55 &g §M@dof t he
reacti on m xt udéstiliagorbe conbi ned in any order, but that it is
- 25 While it is preferred to permit the synthesis of (III) to run to completion,
this may not always be practical depending upon the aprotic solvent chosen. In
neat acetonitrile, 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 reactants have fully 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 hydride left over from the synthesis of the dimetal sulfonyl amide salt (III) is not
highly deleterious to the efficacy of the process of the present invention. While
not critical, the CF3SO,NNa, preferred for the process of the present invention is

substantially free of contamination by NaH. This is achieved by employing
10




preferred to first mx the sulfonyl am de or a nononetal salt thereof (I1),
vmthth ic liquid to forma solution, follow ng #7(1 on of the
hydri de 81”?’261% solution has formed. First mxing th\éi4 yos;i'l gieg"\h/\nth t he
aprotic sol vent has resulted 10 in poor reaction or slower than expected
conversion. A suitable tenperature for preparing the dinmetal sul fonyl am de
salt (11l) wll lie between the nelting point and the boiling point of the
aprotic liqui as been foun rg}rto be satisfactory for the
practice of flﬁ’é’l?ﬁ ﬁ}a}’lglilﬁt%w oRTHIFAMQuRL ol NS dLits Rfeparaiion. HFEYi on at room
t enper at ure lmmmagwmmmcnoh&chlegéemtltceﬁmnaﬁ ulieNaHegllbe i n faster ’

reaction. mtﬁﬁ AT g,gcfegsrgfqge &ﬁﬁ?&é’hﬂ?ﬁfmﬁ{) gﬁ%ﬁwgh%]goacet onitrile

is enpl oyed as vent C, preferably
bet ween r oonfeParRFdbYWAS m&@“@% cYRisstPreferably using fresh eligratnof sobient enper at ur e

and 60C. sAprotic mqsrmnh&tmmmmlfdam ﬁﬁﬂeaatamttmesﬂéeﬂ&b@idtﬁwtﬁ@nyl am de
salt (111) 20 shoutﬁgf st a free of water ses the

tiall
reaction to FOPRRAY gman SaN %’b?%ﬂmbémlagy?@ef E’P{nﬂr@ggé(bZNHNa and
NaOH, and prpmfed@é ttaﬁrStm thefsulfonyd kinidg a agudropretal ealt thsteofifiDowithithe i de. | n

a preferred gahad tofohﬁashmob%no&mi%mhnﬁh%@wwh& iy

acetonltrlle hayi ont ent or equal to ca 500 ppm with
wat er cont eni! ‘Ft&“g‘%f eﬁ'rﬁ “Bdﬁ?:gy Wi ?rﬂ?"@“??? b?”épésrrtegﬁ 2

Acet oni t1g | emlpnoqmad:tmnmtgmmmcxpamﬂ wmavasishioul d be taken in handling to
avoid water conta Ofdm r f ot i C

sol vent for the p&é@g}}bgt | ohéﬁ@éﬁﬁpﬁﬁﬁg&% d?rfl?tlh&l“%g a%gég%}i (I 1)

conpri ses acwilblig between thamsltingnomt apd H’&é"’ﬂé’@ﬂ’%@ theraproficdigpigr at et he
conver si onI byeleted0 Mistiadl Beerbfo@nd fbe Hati Sl @bryOfo e prdkiod ththé Q{v\éﬁtgin&o I'n niat 30
acetonitrile, i ve caonversi.on i eved in ca.

hours. In t herﬁ%‘?g}% nr@%és#f‘%%”r}debﬁn atggorg&r%%eé?%r tl'f |vfeé’eﬁ ﬁoT?'u‘%haf HE t aught
by Xue, off. cligherterapesatures sgsply iy fasier reaetiany dn ghervest praferrédsenzhodimentdf i n ca. 25
h. ghtese r eft%é'ixﬁreﬁﬁbﬁ uEnitriid @lekd oyé’gtatg'ﬂfe[}.ﬁ]v%illt&tgQéfﬁpéi'&gitfé'UeﬁﬁeeHnder the
condi ti ons u ound that sol ve ectio

t r enendous e 8@# ‘ﬁgfefaﬁy be eenggor&}cwg?rgtiuﬁ% rét%?oﬁtﬂ}o% ¢ aglyot i C

sol vents w IbeWmdoomtﬁngﬁTaM@FGn over sufficient tine. Acetonitrile.
i's P' glhl y prefer r&ﬁon&&l@éntsaédnﬁﬂétfbﬁpr n@rﬂ% Bineal ?ligfogﬁlt:hﬁﬁgr ﬁﬂéﬂlhﬁ | d b
sui t abl g,, do,not,.ap er an t he enpl oyed by
xue but 4fay H8 @Wﬁﬁ@@%ﬂ“‘é@y g’ﬁ%g{a Y"?ﬁﬁf %%ﬁ“ﬁfé&‘gﬁ‘f"‘f"éﬂ?@g‘ﬁ P s || WO

01/ 40174 PCTwidsgdirs@in2for exarhpleto fonm{EF;SO,NYINarand NaOH;, and privides hkes such as

adi poni tril %utaqazﬂmlﬁ%a kaforﬁfeqnst@ﬂ oﬂahkﬁxdeﬂmggréfeﬁédaé%&d&?én\f%t s include
et hers, sui taael € sol'vents are

al so sui tabI}?Sb?\?WmB? ?%gﬁ@f%@o?‘ﬂ‘é’f %qemi}&avgquy@ercﬁon;e HiBThat i on,

provi de a  orequal to ca 500 ppm, with water content less than or equal to ca. 50 ppm more

=

25 preferred. Acetonitrile is quite hygroscopic, and care should be taken in handling
to avoid water contamination from the atmosphere.

The preferred aprotic solvent for the preparation of the dimetal sulfonyl
amide salt (III) comprises acetonitrile. 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 conditions taught by Xue.

It is found that solvent selection has a tremendous effect on the rate of

35 conversion, though most 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 highly purified formof the sufonyl anmide salt (Il11) in dramatic

di stinctivppopysanst he practice of Xue. The highly purifi edP€DUR0N2672
(R2ZSG2NWb) 3-bM, (I11), greater than 95% purity, which is readily achieved -
usi ng the nethods herein described, is then suitable for use in the
process of the present invention produ0| ng pure i'mi‘des, (1) or (Il), at
hi gh yields, the purity thereof depending directly upon the purity of 10
(I'11). Any of inbldehighedskylmitplespdinhiiies sudhessadipoditfiley béredniwile, mdpbd| e of

provi di ng *9 a&m@%@&v fHe ﬁ@%%&eww%gm@mgkb@m Shifed.© whi ch

t he di net al su‘ exXposel e su 1tantlally
free of water Ggmmnonwtsw% Yenmeelswmabéms of about 25 ppm have

been f?unfl to be hlshyufmah%eawdeheﬂéhﬁPWe laﬁ)‘ﬁ@b?lrpéorﬂﬁﬁﬁ{onvd ?ﬁegﬁt o ah
concentrati ra it s e, under st Qo a e hi gher
the water iapﬁ‘%ﬁlg g‘ﬁ‘% %ﬂh‘?ﬁu &%?h}&g?)e g‘? SRetpn PYFélgh

cont am nat i on practicegf Xsweb Jbe bighty ptmfrrﬁlfonn oﬂﬂlsz(@NMg)ngM' I8, gteher | ess
vater, the betigh osdbubt WhiE is plaAf E\?edtlfs thé BRfHod@ hERANSLTbeads Used

herein refers {o an droys havi ng a wat er, vapor
concentration enfd °c H’é‘l‘?ed‘&th%mﬁéﬁ? the presepignventipn Rroduging phreimides,

non- oxi dati ve @} mslpmmgh y'félaﬁ thé tyﬂﬁeédf@eﬁedae{ganfecﬂwp&eme@ﬁﬁ@rml i shed

in desicc d he
active gagfedse @(1% }rl)\%tlhéﬁ% dvvgvg araéorbﬁ%rflé'r‘{eé eﬁr?re C??@F@?n Pfé’a‘dﬁé hod of
prepar ati on of (Ilhie pirities aﬁgrs%tcxftbmy%"ém de salt .25 (I'11), CF3S2NH2 is :
di ssol ved at a Concﬁiktafuﬁbéﬁh@re' t8 vﬂﬁ@h the BftRetal suﬁ‘oﬁﬂo/&rﬂﬁe ‘é‘ﬁi ﬁm is éxPosed

t tril h t
concent r at | on<hoBBdt P IN AP GETaREenurl. Mauer oam: cmoTHARTER508E ¢ he
i nsol ubl e 38022\1\131211 hgre teen fonntd td»bghlghlytmxtbbllenﬁlgheemetsgpfavaﬂemamrs| on.
Therefore py n%o%@ﬁﬁ%&ﬂdrf’&&oﬂkﬂ@&ﬁm{ﬁ@ﬁbxﬁ{?%‘hn&é?%b@d/th‘éﬁhg*Mggep&Per for s

of agitation referred_over si tirrin such trasonic
agi tation, or W‘E?Y?PPU?Q?F%“BH o Ql?&qna@hﬁ%?yth?@%ﬁt % eQntaginatonduring

M cr oFl ui di z et subseqaentabdcaon.r A ldenieralitule, thedess wdtéle the b, Gwhdvéver Whi | €

mai ntaining the inert atnosphere, NaH is added with agitation continued
until the reaction is conplete in about 4 hours. Hydrogen gas evolution 35
rate, deternined bylherigm: (Rt aiesphere? aouser hersin fofers teeananhydiens been f ound

to be an eddf ecdinyspherecia0itigQl wattr \Va@aﬁédrﬂentraﬂbﬂ oF @65 eHanQa. S0 pp dNtGoRR 9as
flow signals l LN ggn_t D8af; ea%mpﬁgxe ZPF QL/40L7a P [ US0Q/ 32672
The anount of addee HEPERE: us, 15 reaeHaRs BeRB Ay P5nd
i ntentions of achemplished in desiceated,air eswehdd imdryaitsdgegtor other sem-cloanaicaltyhe
active gases. Dry nitrogen, however, is preferred. _
: In a preferred method of preparation of the dimetal sulfonyl amide salt
25 (III), CF38O;NH,; is dissolved at a concentration in the range of 5-10% by weight
. In acetonitrile in an inert atmosphere such as nitrogen. At higher concentrations
good mixing may become more difficult to maintain as the insoluble
CF3S0,NNa, product begins to form, creating a dispersion. Therefore at
concentrations higher than about 10% by weight, other forms of agitation may be
30  preferred over simple stirring, such as ultrasonic agitation, or microfluidization
such as may be achieved using a MicroFluidizer™ available from Microfluidics,
Inc., Newton, MA.
While maintaining the inert atmosphere, NaH is 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 gas flow signals
completion of the reaction.
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stoi chionetric anobunt of NaH ensures conpl ete conversion of the CF3SO2NH2
or CF3 0 CF3SO2NNa2. However, this |eaves CF3SO scdR2@72P" epar ed
still- contamnated with insoluble NaH fromwhich it is lcult to
separate. However, it has been found that residual NaHi s | argely inert in
the process of the invention and to the products thereof On the other
hand, if the goal is to achi eve the cl eanest possible CF3SO2NNa, then a

sllght deficit of h |ch onet i c may be enpl oyed to
ensure that the W?‘}“ gwi%aﬁﬁqt %%H‘e“éﬁbﬁ %ﬂ “émﬁgtlsiaﬁn?t of NaH
will result mtcﬂtlessoftt}mpraetmmehmofcg*ddam gdighbéxcedseoveRBEO2NH2 or
CF- 3SO2NHNa et Wsotn L FHECE 3SO2NHNa i s
easily vvashe%&cga ?&Jﬂ‘%a:%@t%sec égdlﬂmﬁakr;i& Oﬁe di I\ﬁfzul f onyl
ami de” sal t (?WWH ég p- SE’GYEE s i%’e%p Zeﬁ?per ature but
t he user Srrus;hreim'ecawﬂr entdmihdted mh?;mdbidhlé MaHfﬁoﬁp@hichﬁlﬁ@dﬁﬁcxaﬂd vi ol ent :
CEroTmer ) ol IR vl By SORTSRIRN R 0K, 000",
mat eri al wetpragesgpf tht:nws on Qndsteéhpaprpﬁrmts thpxeof n@m tl@roth,e@hpmburme goalF3SO2NNa2
aFglsgzil N;tz &bk@a&lﬁ@@tl&&kﬂgfﬁ@{tﬁﬁﬁlﬁlbt TFSSO Nhhgmeﬁamgﬂqeﬁafommht l'i ke

i.t,abl e eratu ends._upon
conposi ti on lﬁi%‘?’?befs Cjtom tpg @#%%@ﬁ%eéistg ﬁﬁﬂ}fﬁhﬁgﬂ}ﬁﬁ‘faﬁj fbea

t enper atlfr e fpilgicensutied. Ewldwmdeﬁcntrﬁm@b@ll nest indess thanadompletot  hi gher

bref er s Chg S R ot St oA .0 %@ ol st i on
aggr essi vel fe%%‘ﬂ e EBB“YG 3%32%6%‘3@113( W@ﬁbeéswe ?H‘sBl’fg% t has al so

been obser vedF80,0MNa,0ccasi on that the preferred CF3SO2NNa2 under goes

spont aneous deco %m IS nDisture
sensitive and shom%?%baﬁ%fl{’g nder gﬁgﬁg?gﬁg con ??%bgwshdat is believed
that t helSpr gdenated; tempaaEra it thesermne, eawareptftWt?sa }yyomnﬁee%bj ect to
expl osi ve demdngsléntidecompositiobsAlelirsieri dXANPhighlly retohnbendddwaaevedr chased from

Tokyo Chenmi gr@!nd Qﬂyﬁ{a@hal i Qarth aﬂ?‘i’iry stgee%qghgﬁ}Qeg%ﬁ%%m%ﬁ%ﬂe%w purified by

two cycl es vacuum o ] enpl oying a

wat er cool edngtenget atplbtimes: dbﬁeeménlemahﬁ sgallgT conpppsitionCF386>NNamisdr ous
acetonitril Qembwhﬁhm&@dmﬁb@ﬂimﬁMfﬁfglﬁﬂﬁﬁlec@mb\b&kmm QYFoSObNNEj.ed Wit h

P205 anc&odl S,&Buﬂa%ijet readg nug)s6 ,théag\% iégred%ﬁver%eg?g Iar 5| eves

i nsi de a dr Us&gP
pur chased f rmﬁenp@l EFﬁQﬂH‘éam sbamld begripghata fermperamrepreiasily pevis

than 80°C, most preferably not higher than 65°C. Certain of the composmons of
the invention, including the preferred CF3SO;NNajy, have been observed to
undergo certain decomposition aggressively when heated to the decomposition

25  threshold but it has also been observed at one occasion that the preferred
CF3S0O;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 EXAMPLES

EXAMPLE 1
CF3S0O,NH,was purchased from Tokyo Chemical Industry, Portland,

Oregon, (TCI) and dried and purified by two cycles of sublimation under a
vacuum of about 10-3 Torr, employing a water cooled (~20°C) cold-finger, and an

35 oil bath at 80°C. Anhydrous acetonitrile was purchased from EM Science
Gibbstown, NJ, slurried with P;O5 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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I nsi de a nodel HE-63-P dry-box (Vacuum At nosphere Conpany, Hawt horne, CA)
havi ng avﬂ?iﬁﬁﬂﬁﬂ ogen atnosphere, a round bottom fl ask waspcrvbsuogeszwi t h
30.003 g o subl imed CF3SO2NH2 and 750 ml of the dried acetonitrile.
9.003 g of the sodium hydride was sl owmy added over a period of 5 60 mn
while the reaction m xturé was stirred with a nmagnetic stir bar. The

tenperature of the reaction m xture increased from 21.6C to 50.5C during

the addition proceﬁﬁdezmd@mms@wb& ab @i A trro @8&96&%1 ure for 20
h After abo act.i on madl u had ta on ég‘paque
OB¥ a8yol uti on

"creany” appe;l%l%‘ﬁ@@ 63 HB“F%P?W&P"B%WW“H? T @i
of hydrogen, vﬂmrgeﬂlmmﬂﬁ@oftﬁhmbimmdt@iagsmzkmgrmd\ﬂéﬁ nilldflthfrdntdthrough a

| filt d
Shohed thr oo | EhHleD VAR dhe sclbinlfydele A ARNY aqfilfolalpBriofot 0 15
fromthe fi3 t 60 min whidsihe ssactien @é’f&“@ﬁ@séﬁm@@w*@rﬁﬁﬁwaéﬁmﬁaf 15he Torr) at

room t enper at L!'é@jpé@furéomeiéabﬁén ik thidEnctedsed G6m ID6RDR 50(5°Uﬁdtﬁi|ng tH% of the
filtrate was I%@ in tran from.th tf||t r to the ZSR k fl ask.
)

The Schi enk f | XQBIGRPIOESy VR S FREBre for *Ect to
further evacuaabnum-ﬁrhderstmmatpmmmcammbad(tdcenaninmp)qdedhreﬁﬁlyﬁ at room

tenperat ure. T;rg,gﬁarﬁageeem d BB o TR S thd oo o nbsfhs a1 50C

and held for ours at which ti ted C and the
Schl enk 2010 | abseryed hel d therein for an additional. 20 h while still
subj ect to evacuat i The remdel mixtire was fiteredahrongl 1 @lass-Titter (mediAfnh porosity)s, t he

CRaSCENI2 sy Gpk e 08 rnd AR et P oo JRATEG B pPgOuCt vere

i sol ated. The ‘produc econpos enera ar ge anounts of

a gas. 25 It m@y@%a@m trapsferspdalrers dhasfiléar to neﬁchken!eﬂ rdried
CFBtSEQNN?Z ur\ﬂﬂegmaummwzamﬁw&odmt ; éﬁhﬁéﬁﬁﬂf sﬁmmnhemxat ure atnd it
is there econme r IS eri.a S ep it as a
suspensi o H“”“P'} ﬁeg%%%%@ﬁ@gi‘%%ﬁ‘%% iy aqsﬁgnag?rogb{gn ﬁ Ioe 1, a
fl ask was charSyétbnknﬂaBk m@h@nk@ﬁmmmdmvmdmﬂiEMFx and NH3

Zﬁ ﬁ%?gzg ; geiégﬁ Iegﬁb :]%k%é?fevaclﬂﬁﬁk{ﬂ ‘gﬁﬁf bii g Exmstvaalum @Rrs %&) for & @5\9! aé%gnmc h?f o
sl owy added dJfBperat “ﬁ%rﬂ&dy g‘i “g fﬁf‘ﬁwasl'ﬂ‘@“ “ﬁmf’fs&%é“ el g’?‘?’rsF'é’(ﬂ &% i“B{)

t enperature f drel®fr founihbhis at whishdimeathe bath wasdehiel @63 MERRSSANMAY had

pr eci pi t atg( aﬁas% & ROk uRiA ffor A}Fadhitﬁﬁklz dﬁ%&{léaﬁﬂ k&d}ed’t“t&‘é&éﬁ:ﬁaﬂo‘ﬁ’%ﬁd@ﬂ | tered

through a glass filter é‘F’I n orosity) resi due was washed
three times wiBhHPUsRP yacw éﬁﬁ& F&u%ﬁ@%ﬂleﬂfﬁ Z‘PH‘éazr‘E%sl%béh%ﬂ? col l ected
from the fil tinsidehd dpy-bexed i n a Schl enk-fl ask. Afterwards, the materi al
was brought

30.0 grams of product were isolated. The product decomposed at 110°C
while generating large amounts of a gas.
25 It has been observed at one occasion that the preferred CF3SO,NNa,
“undergoes spontaneous decomposition at room temperature and it is therefore
recommended to not dry this material but instead keep it as 2 suspension at all
times.
EXAMPLE 2
30 Inside the dry box of Example 1, a flask was charged with 5.142 g
C4F9SO,NH, made from C4FgSO,F and NHj according to the method of
Meufidoerffer et al, op.cit., and 100 ml 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,NNay had precipitated at the bottom of the flask. The reaction mixture
was filtered through a glass filter (fine porosity) and the white residue was washed
three times with 50 ml of anhydrous acetonitrile. The residue was collected from

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



14 WO 01/ 40174 PCTI US0O0/ 32672 outside the dry-box and dried under oil punp

vacuum a4'r) for 24 h at an oil bath tenperature opchRiseordzg1SO NNa2
was only(gan(ﬁ-ed inside the dry- box. 4.37 g of product vver’?g?sol ated. It

has been observed at one occasion that the preferred CF3SOLNNa2 5

under goes spont aneous deconposition at roomtenperature and it is therefore
recomended to not dry this materi aI but instead keep it as a suspension at
all tinmes. E R ents and f Exanplel

i nsi de the df’>&6ig|3hl %E?f%an 0 F%'%BP §q%§- 5" #%sol ved in
100 m of theﬂé#hyqnm@ureapéép%ﬁu €4Fds@vm43awaé9nwhaodkémddeab¢<dry1 127 ‘g of
t he sodi um hm;_qu{@%r@dmgmmg@ to forma first reaction m xture.

Addition of NaH t eriad _of 10 first
reaction nixture ﬁg‘ S‘Efle g 4t AN 0¢easiAR fhat there Fﬁfﬁfgﬁgaf@ 3r oom

t enper at u¥ e. undergnes Spantanemusfdecompasetionct Imbnbeenqmatmbadd ins thefefd®R i n t he 15
sol ution indjgatin G AR SosaNa2, thereby
formng a m%’(efc'ure %agggé%&g&\é%ﬁg@gtlﬁ?tn % él sone resi dual NaH,
CF2= CFOCFZCFK"BF%) OCF2CF2SQ2F ( PSEPVE) prepared according to the nethod of
Connolly et al., U S. Patent No. 3 BE82MPIB,3Was slurried with P205 and

distilled. 10.002 . S t ed s, add e m xture of
20 CF3SO2NNa?2 andElgBB&‘ %HF P%enpr%‘daeﬁlen g ts‘?lfﬁ%/’%mw ¢ fe etthFyn?%{‘ second
react i ontGi x3.42%g ofithe sgfdmdcﬁééb aﬁdusgh@dmiao%ml of@q aghydraysm
E: gmare ?g u; :aac’éf&xﬁme i%Q rédna-bottdm fMAsk! lnr197tgtb'frﬂ1eedsoqim drid&dﬁzf%%ld&n)d? i cati

| Cl ou I ndl catl ve
e o b sde@Py Brm eyt ERcRaE MR PR Adtiten @‘#@P@oﬁt‘#ﬁwr@#&on he NVR

confirnmed a efiifshanthikl thefrstreacteomnt mixture nwas Stitrébwithia dageaetid ssirmmghar PSEPVE.
The reacted gyt Vté‘:‘nﬂ@aiurec %rfief 8 Buﬂx?ﬂu@rﬂ% éo'ilﬁ{bé détéc d‘%ﬁz mp 'i\ﬁxggfin ?xegl ass

filter (nedi um por, anhydr ous

resi
acet oni t 4 | eSolygjan W‘@F‘%&’PB |°%@Plﬁéﬁr‘é’nﬂéfﬁ*89€\£%l’a§§e‘?‘ﬁv &Gﬁ‘:‘ﬁ . WereBYr at room
t enper at ur e foadinglemixhire bf Cl; SO ININa,raad iacktenitsils, wiktesvnecresidudl NaH.f or 16 h- at

P22 CFOCF2CF EL%%%%E@%S SEReR keSO RS hRgsiFerdi i et o €

(CF2' =CFB CEG2RitRRh Ny 3383575, wasigjurgied W—ltilé’o% ppm (A, .
IF, A, iF),andld&illéd, pwﬂ)(ﬁfg of the thus? edlePPSERVE 2as addeditd theFhixtukd 6f 2 ppm ( CF,
g: ]2-:3 20; g é %nd et 1e prgg’aer PPERLifRove o fotin)a secomttiBadtioRP™ (CF2,

mlxture e second reactxon mixture was stirred at room temperature. After
10 min, the mixture turned clear, indicative of complete reaction of the
CF3S0,NNaj,, 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
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 10-3 Torr at room temperature and the slightly beige residue was
heated to 110°C for 16 h at 10-3 Torr. Yield was 9.494 g.

30 19F NMR in CD;CN confirmed the structure
CFy=CFOCF,CF(CF3)OCF,CF,S0,;N(Na)SO,CF3.
19F NMR in CD;CN/Freon-11
(CF,AA'=CFBOCF,CCFP(CF;E)OCF,FCF,GS0,N(Na)SO,CF3H): -112.6,
-120.9 ppm (A, 1F, 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 (CF3, F, 2F),
-116.0 ppm (CF,, G, 2F), -78.9 ppm (CF3, H, 3F).
MS: Negative electron spray; 574.14, M-Na.

15



MS: Negative electron spray; 574.14, MNa. 15 WO 01/40174 PCT/ USQQ 32672
EXAVPLE &égflj“ﬂ?the dry-box of Exanple 1, a round bottom ptpgisooses7xhar ged
with 5. the CAF9SO2NH2 made from CAF9SQ2F and NH3 according to the
met hod of I\/Eul 3doerffer et al, op. cit., and 100 ml of anhydrous
acetonitrile 5 prepared asi.n Exanple 1) 0.890 g-of" sodi um hydri de
(Aldrich) was slowmy added to forma fi rst reaction mixture. Addition of

NaH t ook place over a period of 10 m g t4he reaction m xture was
stirred at roomtenperature with a ir bar. After 22 h of
stirring, no fluori Aesideglr dnploxdel bya rogmibaggorn flaskewns charead Mol

i ndi cating comslotzvg dmmewsmmhﬁae@ﬁoﬁm S0 laa.ddNHg&EdHr&n fto HeF9SO2NNa2
in acetonitrile ‘ﬂﬁf’ﬁgf H&?ﬁ eshggé 797 tg ’%& t he PSEPVE
of Exarrple3w§? ¥ cliyrand 2P el ﬁNQ' FeatB Y Sitrile
prepared hefei peipoxed as in Exampla Is@d@ﬁcg ofsadinncydride (Aldrich) Wmlmb@dded

reaction m xt U'i@f opRSa fidst feﬁ&%n%xxﬁﬁ@”hh&i%ﬁ%ﬁﬁ'dﬂ%okbﬁlﬁ&r overd pE?l&i of he
m xture turned _cl ear, ete reaction of the CFSSOZNNaZ

%n | cat|ve of &r;g
and then sl i ght Pymigvilghe reachonmpixiyye starféicqtm%qur%wem@i "NaF
by- product. NVihaghetidwtir bancAfta22h of stitiing, ak €finosid euldke détectedby | r med t he

vas sentri f boost SR Btk $5ulibh of il Q%'ﬂia@fcc rnedby. ety Rl M e
porosi ty). 1&he mlé@m‘@fecﬁaﬁ@vmshmomn @nwnmﬂteéhhyméwlch@w&h trile.
Al volatiles were mermwasst tZdPSEREE of BRatbple arwhstahee@tbltgéwﬁﬁ;&ukwfge residue
was heated to 3 Torr Yi.eld wa 358 19E NMR in
CD3CN conf i rmagl‘l ? %‘Sﬁ‘?@cﬁ“@?&m@g %E%?Kiﬁ‘—’zf&ﬁ’zg aHBR OFD) 3CF3
19F NVR i n CD3@hiktEre: oFhe| se¢on@lgreaction mixture was surred at room temperature. After

(CETAAT = CFBOCFE@Q&(&E?}E:&Q mﬁ&é\ﬁ%@%&: Q%%ééEFBHGF&e K@ -112.6,

-120.7 ppm 1 CF2 C 2F),
-144.1 ppml% CFCFB)LGRI@W‘Z’ and *f“ﬁéﬁ‘?‘ )@lgu YEmd?Ha ing l@?@mmmeeﬁ e MaF oF)
-115. 9 ppm ( CFBy-pfydu2t) NMRId2hérea pﬂmr(ﬁﬁ&urelthkeﬁlﬁherm]ﬁﬁuﬁm]ﬁnﬁed @2 1, 2F),

st P20 LS Sl A el
with P205 and fererfuged and then Gltered tyongh ﬁglas .ﬁmsdlamoea%%nﬁhq residue anpl e
1, inside the sy washed3vith B0MmDST anhiyérons Bt etorieil L FBIPCRIMIRs wete @iroved ved in
28t o8, S G ) D 6o 11 2
163 Torr. Yield was 8.358 g.
19F NMR in CD3;CN confirmed the structure
CF,=CFOCF;CF(CF3)OCF,CF;SO,;N(Na)SO4(CF;)3CF;
19F NMR in CD3;CN/Freon-11
25  (CFyA-A'=CFBOCF,CCFP(CF;E)OCF,FCF,GS0,N(Na)SO,CF,HCF,ICF,ICF;
K): -112.6, -120.7 ppm (A, 1F, A", 1F), -135.6 ppm (B, 1F), -78.0 ppm (CF,, C
2F), -144.1 ppm (CF, D, 1F), -79.1 ppm (CFs, E, 3F), -83.7 ppm (CF,, F, 2F),
-115.9 ppm (CF3, G, 2F), -112. 6 ppm (CF,, H, 2F), -120.6 ppm (CF5, L, 2F),
- -125.8 ppm (CF3, J, 2F), -79.1 ppm (CF3, K, 3F).
30 MS: Negative electron spray; 723.98, M-Na.
EXAMPLE 5
Benzonitrile (Aldrich)was dried by mixing with P,Os 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 a first reaction mixture, 1.018 g of the sodium
hydride was slowly added while the reaction mixture was stirred 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



hydri de was slowy added while the reaction m xture was stirred with a

magnet i guo 8i4d1h4 N9 bar at room tenperature. The reactionPEirgjsw,gzﬁpanged
its appearance after 10 min. A white precipitate was forned causing a

t hi ckening of the slurry. 16 WD 01/40174 PCT/1TS00/ 32672 Shortly after,
the reaction m xture changed its color to yellow After 60 mn, the
reaction mxture was red. After 6 h, fluorine could still be detected by
19F NVR in t i AV . : 0 .ature, 8.511
g of PSEPVE oftorif el 88 et Siiec s Cltob elbl RASERGHAM P 0>
ni xture. The @%@Wd“qg“ﬁ“’eﬂéi Tein Adex 6 by Huqpine °§P§dr5F'Bd’e%FteF§96hV? ture. The
col or changednfthesolution. tAfter g edthiaf 24 hodt rodvivtempetltiae)8.81 T £of PSEPYRSRfi r med t he

formati on of = CE2SPN( SORCF3.
EXAVPLE 6 | n ‘?’%ﬁ'ﬁ%2*%F&e&a‘ﬁg’%ﬁ‘%ﬁcﬁeﬁ%&%’%ﬁ%amﬁgfe d@!{%)esf‘ﬁﬂ ing the
vol ume 1@ ofreasjign yEMIe¥as i abrpopytemperapwe.c Therelershangedrfoom med tof ¢ i mre.
ghft app;ﬂlr at Esyeilﬁw. deP NS th CD;ENARELE2 & cofditen ﬁ%f&ﬁg&%ﬂ@tﬁfﬁﬂ%ﬁg@d, [ﬁund |
ottom flask, 1, [ r ar, 2, was fitted w a
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25  thereby initiating the reaction. As hydrogen was evolved from the reaction it

displaces the water from the graduated cylinder providing a volumetric means for
determining the rate and total amount of hydrogen' evolution. '
Employing the methods and material of Example 1, inside the dry-box,
0.546 g of the sublimed CF3SO,NH, was dissolved in 100 ml of the anhydrous
30 acetonitrile in the three neck round bottom flask of Figure 1. 0.213 g of the
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 reaction mixture was stirred at room temperature and the
35 SRAD was inverted thereby feeding the NaH to the solution in the flask.
Immediately, a reaction could be observed. 80 ml of gas were collected over a
period of 5 min. The temperature of the reaction mixture increased from 23°C to

26°C. Over the next 120 min, the formation of gas slowed down and 74 ml of gas
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flask was opened The reaction mxture was stirred at roomtenperature and
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residue in the reaction mixture changed to a thicker precipitation that settled easily
25  at the bottom of the flask when the stirring was stopped. The reaction mixture
was stirred for another 14 h at room temperature. 10 ml of additional 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 CF3SO,NHNa into insoluble CF3SO,NNa,.
30 EXAMPLE 8
Following the procedure of Example 10, inside the dry-box, a 250 ml three
neck round bottom flask was charged with 75 ml of anhydrous acetonitrile
prepared as in Example 1. 0.189 g NaH was placed in the SRAD. 0.879 g of the
CF3S0O,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 required 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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neck round bottom flask was charged with 75 ml of anhydrous acetonitrile
prepared as in Exanple 1. 0..189 g NaH was placed in the SRAD. 0.879 g of
the CFYS8I4IAE¢ of Exanple 10 was dissolved in 25 m aceFSW?q’:Tzénprepared
as in 35 Exanple 1 and placed in an addition funnel which substituted for
the thernocouple of Exanple 10. After the required connections were made,.
the reaction mxture was stirred at roomtenperature and the Nail was
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observed in the so I'S residue. It
shoul d be safremeyed under vacuum (10' Torr) a.nd the resxdue was heated to 65°C for 24 h at

10-3 Torr. 0.862 g (5.04 mmol) of CF3;SO,NHNa were recovered, corresponding
25  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
CF3SO,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 be safe to
30  assume that less than 10% of the CF3SO,NHNa have been converted to
CF3SO;NNa; after 4 h in THF at room temperature.
EXAMPLE 9
Following the procedures of Example 11, inside the dry-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 (Aldrieh; distilled from Na
metal; stored over molecular sieves inside the dry-box). 0.171 g of NaH was
placed 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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30 assune that |ess than 10% of the CF3SO2NHNa have been converted to
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charged with 0.866 g of the CF3SO2NHNa of Exanple 11. The 35 material was
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time Gas CoPl ec
h 45 min 4 3.5
15 mn 25 22.1
h 30 mn 47 4]
57.5 118 h 7§

114 100.5 The

The

added to the d

reaction
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15

ion of tine is shown in Table 1. 5 TABLE 1 El apsed
1 1 1 ‘ an ) -

ggsom' n 1Q 823 22 g 4?;AthEZIlO 8. 2 ZZAquhh42 m n 18 1gé9ZnZg:h
obelltithe?8 24- %(Efl g6 49 grﬂag%%? .
M}@g%@gﬁflfgngS%z ngg’éir? 255;)|i |A:8-1J.8vur/ .oo. 151m2nh65
Odntd M was conpl etled after 4i x days at room3r~%r'rp(=r ature.
fs&kmiws brought inside theigry-box. 2.511 g §SEPVE was
hO£§ r%?ns reacti on mixture t n% 3.8
21 h 45 min 18 : 15.9
26 h 15 min 25 22.1
32 h 45 min 28 24.7
|47h 38 33.6
49 h 15 min 43 38.0
53 h 30 min 47 41.6
84 h 45 min 53 : 46.9
86 h 45 min 55 48.6
97 h 15 min 65 : 57.5
118 h 78 , 69.0
122 h 15 min 8 75.2
139 h 45 min 110 97.3.
142 h 114 100.5

The reaction was completed after six days at room temp'erature. The
reaction flask was brought inside the dry-box. |

2.511 g PSEPVE was added to the colorless reaction mixture that
contained a white solid. After 10 min stirring at room temperéture, the reaction
mixture turned clear. A fine precipitation formed. An NMR sample was collected
after 1 h showing the formation of the product
CF,=CFOCF,CF(CF;)OCF,CF,S0O,N(Na)SO,CF3 and excess PSEPVE.

~ EXAMPLE 10 |

Following the procedure of Example 11, inside 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 m! of anhydrous acetonitrile prepared as in
Example 1. 0.103 g of NaH was placed in the SRAD. After the required
connections were made, the reaction mixture was stirred and heated by immersing
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10 contained a white solid. After 10 mn stirring at roomtenperature, the
reacti 43 44re turned clear. A fine precipitation forpeflusdip26fyR sanpl e
was col ect after 1 h showing the fornmation of the product
CF2=CFOCF2CF( CF3) OCF2CF2S2N( Na) SQ2CF3 and excess PSEPVE. EXAMPLE 10 15
Fol | owi ng the procedure of Exanple 11, inside the dry-box, the round :
bottom fl ask was charged with 633 g of the CF3SO2NHNa of Exanpl e 11. The
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mat eri al was l.ved i 0 rous_acet oni ared as in
el & 1 0. 6 958K 58 Qbalio a0, IPR IR oA s b b o™ |
connecti ons \ibe presswiewas ﬂbweéa@:qt@hzmnxidam; flask. ¥oipressureaves réleweéd by :
Lrmer sing 20 {Rugd taGhbiePISFAURER! AREYZh of b ARK Nall Wik Ricka bARE set at
50C. The react e Was ? g dE{tessure was al | owed
to equalize |_§9L‘*t’88%é’%ﬂ°3§ﬁeacmﬁﬂ“& e’i)(ﬁ% q pé%.%‘e 030Gh S8he bubbl er
for 30 m 5. Abdsaeiedsed fioin the ataction mixrereNEvblatisn aficke 83 tl otflgm_wssnl ution. No
obvi ous reac"éa?:ﬂla?é&%@oﬁ@s bR ﬁ%ﬁ‘% ‘\% {gnn After 20 mn., gas 5 was

rel eased fromthe Teactl on m xt |on of ca. 83 nl of gas was

cal cul at ed tpo—correspond—toconptete-conversironm—TABEE2—+FErapsed tinme Gas

Col l ected (lafter addition of NaHWABLER20nin Q - h25min 25 h 30 min 71
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an NMR sanpl|d h\gﬂwfaken fromthe clear sol ution25above the whijte residue.
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T 3

noi se of th rgi\ ectruny T ndicat TNyt e CONVer_si om of SO2NHNa i nto
i nsol ubl e CH R&’) 740 g PSEDVE lvas _added 83 the colorl eds reaction

m xture that| 1 lcOntimi ned a white solid. The reactdlon nixture tyrned yel | ow
and after 10 mn stirring at roomtenperature, the reaction mxture turned

clear. A fine r r after 1 h
showi n g the 20 PO%E%ﬁlﬁhbﬁ’Hf 435 E)glf)gcd £ifkr WYIRus afipd fas%ﬁe&ghlrgc%}@g .

IO
s CF {5' %13: S Né)%@'éf%e gﬁﬂsnrred 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 CF3SO,NNa,. -
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

stirring at room temperature, the reaction mixture tumed clear. A fine
precipitation formed. An NMR sample was collected after 1 h showing the
20 formation of the product CF,=CFOCF,CF(CF3)OCF;CF;S0O,N(Na)SO,CF3 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 ml 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
NaH was added to the reactants in the flask. No immediate reaction could be
observed. Over the first 1 h, only a 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



excess PSEPVE. EXAMPLE 11 Fol |l owi ng the procedure of Exanple 10, the flask
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apparatus of Exanple 10, the’ NaH was added to theireactants in the flask.
No i mredi ate reaction could be observed. Over the first 1 h, only a total

of 4 m of gas ; : I of the

expect ed 157 nioy tﬁ%ﬁ%ﬁgﬁé‘?‘fﬁé’cﬁfuﬁﬁzﬂ@ fWftea il el 5350 P ot

col l ected. The Witiqut fustherpbienyation,gk604m} ofrgag wersycollested during thisperodt r oom

Ej enper a: E'r e wt hguM.S‘OOrgtPBEP\(H)W\G/ﬁE ycaieacmgglcgfbrmst xﬁﬁct@ﬁlsml\ﬁfiﬁ'@ﬂﬁt)' I e;:t ed
uring this period. 4.° - s a colorless reaction

m xture that &3 tfléﬁeéég‘%gte\%ﬁllﬁfgﬁ}seo e:é\%onfﬂlé‘%f%é@tméﬁharﬁgﬁftﬁf%oﬁ?%{sﬁﬁ change

its color ahd dfmen sugingGt rom temiperdtyrg, e reagtion mexs tamed elear Hefineact i on

m xture turnedpedcfationfdring8. RhQVIRI saffpl O ad &'il@'ﬁ@d aftst IMVERowWARPIE WasS

collected after, 1 'h sh n he . _fo o) t roduct
CF2=CFOCF7 CF( W&&%M?%@éw(%ﬂ%&ﬁﬁmwnﬁiﬂ@z 10
Enpl oyi ng t he exsgeRSEPYRd equi pnent of Exanple 1, inside the dry-box

3.033 g of the sublinmed CF3SO2NH2 m%%%g@%i%‘ a round bottom fl ask and
di ssolved in 50 m of the anhydrous ' e. 1.511 g of CaH2 (Al drich;

90-95% wadladded. THPI9VREthedsrgantsend equipmeniof Exampls | insiderthedrthor stir
bar at room tsmeggwf}mﬁubﬁmeémgsogmﬂwagwa@d {1QiolindBotelih Badkehd N thf
reaction nixture ter time periqd. i ndi-cating the conplete
conver si on of d’éﬁ%@@ﬁ-@’f‘%&l az_ﬁj)?iamﬁ.gﬁ%%bﬁ °gF§ﬁ? (ABFBSEPVE vias
added and the P@RE%4)ovesaidadyrheweastion mixiuegiwag stirsdwithenpagnretiaistr baxet
;:onver s It on t 02(})&%} Wg ForHgch. ?ﬂo ﬂb@ﬂﬁé’ﬁﬁm?ﬁ% &étect%gigh?@léeagﬂgmixmr_er )
enper at ur . reaction.m re was heated to or ays. e
reaction m?§<t uP%ef‘ﬁiéél"?‘inf'@aé’aW& Wdicapas &WQWB&F‘T FAEGIPPIGl ass filter
(medi um por osi €¥F3SQsH) hee(CH38QsNCa)st h t he col | ect ed sol uti on was brought
outside the dry-boxg ' r : / (-3 Torr)
9.461 & of Qisﬂglé% P§EPV‘§ \gacsr g{ﬁ{e g’%ﬁgﬁcnﬁﬁh#g}eh%

D

and the beige residue was heate 0 19F NMR in

.
CD3CN conf i r mesPT§feAt Q9T Iqmperats. z yobeomddbesopeesd @t 2 ca.
Yield was 1. 72924 .at fkidin feiviperanur&D3 CN

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 (10-3 Torr) and the beige residue was heated to
100°C at 10-3 Torr for 16 h. !9F NMR in CD;CN confirmed the structure

25  (CFy=CFOCF,CF(CF3)OCF;CF,SO,NSO,CF3),Ca.

Yield was 1.729 g.

19F NMR in CD;CN

(CF,A-A'=CFBOCF,CCFP(CF;E)OCF,FCF,GS0,N SO,CF3H),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, IF), -80.9 ppm (CFs3, E, 3F), -85.5 ppm (CF,, F, 2F), -117.6

(CF,, G, 2F), -80.6 ppm (CF3, H, 3F).
MS: Negative 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  CF3SO;NH, 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 a period 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
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(CF2A A" CFBOCF2CCFD( CF3E) OCF2FCF2GSM2NSQ2CF3H) 2Ca: -114.3, -122.7 ppm (A,
IF, A, A37.3 ppm (B, 1F), -79.5 ppm (CF2, C, 2F), é‘ﬂﬁ ppm ( CF,
D, 1F), “J(g%)u@ ppm (CF3, E, 3F), -85.5 ppm (CF2, F, 2F), P%?Iys f%F

2F), -80.6 ppm (CF3, H, 3F). MsS: Negative electron spray; 573.98, (MCa)/2.

EXAMPLE 13 Inside the dry-box, a round bottomflask was charged with 3.051
g, of the 35 CF3SO2NH2 prepared in the manner of Exanple | and 100 ml of

anhydr ous tQ r S 0 t.he NaH
(Al drich) was 3 e%oulld ﬁo ct?e ‘2(57% @%@%“@ aﬂeﬁewﬁcﬁg’ﬂ]&flﬂ?}bw%s stirred
at room t enpeddadie eheffiask. wa¢tm$llmtltrhdwdrf9mmd>warsdrrcdlmbem periodical ly

by f1uorine mﬁmlfomm 0 k6 o fruRT A BN %@&dajﬂm&ﬂ e could be
om Al ded to the

detected. 3.27 gz sed as rﬁﬂg o
flask. The r &f&q PR Re TEATHORAB AR %’?ﬂ“??”éddﬁ? #MIdNG Brgdhat ure for
144 h. Thg reatd? Emml‘ ¢ residuevwvas redissolivédipekdOanib fahhydrousdcetonitrilewad € r enpved

fromthe rea 2 5 at
10-3 Ton-. ﬁ‘ Hragglﬁg%%;év\gg rggﬁssﬁﬂﬁﬂi%@%(sg%n&of an#%r dlgénage onitrile
and filter edrﬁsmuﬁdﬁ‘ﬁ Heda3t}d 0°C fard b at A0V Test-ati | es were renoved fromthe

sol ution. ThaMR ésCDYENviRE nthiss spdc.onfifkféd the stridiure PASOIN(Ra)305CF;.NVR i n
CD3CN and na?gég%%;_zgg%mrned the structure PhSO2N( Na) SO2CF Yi el d was

4.284 g. 10 -79.9 ppm (CF3, 3F). 1H NMR in CD3CN: 7. 90
o (10" 7 SENMR i TPCNNES. i (Glos JB). ] NMR SEByCN2 G900 M No.
EXAMPLE 14 n7|§x pml(gH; a round bottom flask was charged with 3.082 g
of the I—{F‘gpl%fgrared as, gk le 1 and 100 ml of anhydrous
acetonltrl | e r'ee§3 ¢ °PﬁP’E%a1f$ g * 134 g of the NaH (Al drich) was
added slowy over a period of 5 NEXAMPEE f#xt ur e was sti rred at room
tenperature for lﬁsk},E ﬁ@ltmm@ga&m@rpﬁaw\p&fa Sandetected by
NVR. 2.0?% C? C%%§ é% ved é\PAgs added he reaction

i xt ure o ?sr‘B xaxpp ‘@]n‘% drpys acglonisils  The

react i on m xprepsredasindiampid LigktB4ogadf the NaHolAddti¢h) svasadded sievipveet.a The
55300 ves PR i Sl el B
paper filterdry b{;’ioql‘é?ﬂ'ﬁn F&aul 5 e?@ﬁ&bﬁwo%%? %&ﬂmsi)aﬁ (AlfFghy esi due .
was dried at as]ri:&@/éd() was ddided. The ieaetaonTmmture hus! formeakswak. sfitred at @6mNVR | n CD3CN
and nMassy@ Peempefirt ¥R, (i reidiibh iikre was centrifuged and all volatiles were
removed. The residue was dried at 110°C for 24 h at 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 10-3 Torr. Yield was 4.20 g.
25 NMR in CD3;CN and mass spec. confirmed the structure
CH;3SO,;N(Na)SO,CF3. 19F NMR in CD3CN: -79.7 ppm (CF3, 3F). !H NMR in-
CD3CN: 2.966 ppm (3H). MS: negative electron spray; 226.06, M - Na.
EXAMPLE 15
A 400 mL Hastelloy autoclave prechilled 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. It did not flow significantly at room temperature under its own weight.
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CH3SO2N( Na) SO2CF3. 19F NVMR in CD3CN:. -79.7 ppm (CF3, 3F). 1H NVMR in CD3CN:
2. 966 pp@é@i—?mﬂvs negative electron spray; 226.06, M- NecT/GS0M®6E 15 A
400 nlL Hastelloy autoclave prechilled to <-20C was charged with 30 PSEPVE
(150 g) and 15 nL of 0.17 M hexafl uoropropyl ene oxide dimer peroxide. The
vessel was cl osed, evacuated, then further charged.w th vinylidene
fluoride (64 g) and c2 (150 g), and shaken at room tenperature for 18 hr.

Excess pressure wasi p;qﬁﬁﬂ?ggetgﬂgd 4g|55(g%9r1§51771§%\p@58®naaLﬂ)ggB§y 19F

NVR (acetone d6) whi rIy L hdi cated resi éﬂ,‘% t ed
conversi on of B59PSHPYE ThI3Da 1086051 1 Pmb 3T -65Qarigl & i@t i zed at
100C (0.5 mm (sEﬁés SRBreddehedimly. 3 = 15651 -4 24&s-1271(6d ey, at=00pé6)/ -URDSI(s,

def ble b t t oo :

Cemeratur e anhob 058 slindl to MALAS Cryr EESCECR ACHICE Dby ERTtnd B [ DO
(acetone d6y; g#8pk -144 (bdap, @%}'romPSﬁPéfﬁ gide gimigs).( Integgationowgs conggterty - 95. 5
(m a = 4.038) wxmlzﬁl% 16l %@@M%e@mﬂoﬁo@%ﬂag %@ﬁoﬁdlméx%?er&ﬂdéind -122.8

[ f b 124t
50 5o (o P Baghesy Ay b AT fis ot B thn s Sivet SeeRieRse Sotiadv(hS)
fragment ( end Eo;gadymg')as 106,000.( HﬂINMR@Echd)ml?BEEH@gmeSdWal ns).

I ntegration was C°n§'4§§ed§tthe gglpgg,“?eﬁ Lre%{"v\?élﬁﬁ (Eat idnz ﬂrh of end

groups from di ner er o ssum n at a are of this
type, give¥an % - n@0ankpf appydroys THE wag gddadt p&émg@né@vremqqm showed
only broad si gﬁﬁ&m&\’éas&eﬂuxeaféﬂlcghafdka@mapblyﬁw B844¢ eptheed was dried at

10-3 Torr for tothe
pol ymer and théﬂ? eatt | 0231&"‘3{‘%99‘? re Wa)s fereamaégFgﬂt&Tél_ﬁp%mdpassol ve t he

pol ymer. 1. 344pgiasfofife ThemgsxpRNpztuse @p&ﬁt@aeﬁaﬁrmtﬁmmram\ﬁefféeaméw at
room Eerrpera: Ufrﬁxtﬁi«é&ﬁm%_l_h dclbtﬁﬁy@ﬁercﬁhtZAbadaihﬁnélWBlgCu‘chs W&&SSU rred at
roomt enpe e ct.i ur

addi ti onal {% %iea t@:ﬁ @6?%%2@ ﬁé Ethggg{é]sgé P2 Wﬁ%“#gg’tth%r?ﬁg}%n After
all the cmsozmmmmiomndevas hepted t@5Q1G. ohftend daya rtS®E, {47 NMR indicatedat ed t o
S50C. After 3 dgysthelreacién whdEorhPiBtel nd| cat ed that the reactlon was

conpl ete. The reactipon m xture was t ou sj.de t - box. an
centrifuged. A sli ‘Heﬁctwngﬁl“ﬁf ‘Bg‘eéj@bg q‘m‘?ﬁ@ar k
br own resi due. slightllypsoven scﬂﬂmfcotuldabersepmatbdd‘mﬂnaﬁmdtbrbmnresidunashnabsisl y NaF

and excessyfF3 from
t he conbi negg%?%ﬁ%ﬁ&&&@&a{ﬁ@% hﬁgﬂ ﬁlg#af{&)gﬁe é@%s(sﬁztm £er‘(§1 10- 3

he bei e Was ate
Torr for 16 h.™mgedpl 4 glte Wei‘?a‘i‘—’g!WFé{ fe"ﬁ C"I‘P]Pnﬁ‘gfﬁ Tutiqps gn éﬁ%e&ee
conver sion of tebﬁusudaﬁhea}édﬁ:lhld?(ﬂdeloﬁﬂi‘upsfmomhhté'xelcpxslzymgr IFNMR he. 19F

NVR Residue i ndgq‘%l-l-fl?.“c:mﬁﬂlze% dothpi&e cBRBGSESRRE sulfonyl fluoride groups of the
polymer to imide. 19F NMR Residue in dg-THF; -79 to —85 ppm (CF3S50,,

25  CF5(CF), 2 x CF,0, 10 F), -90 to —135 ppm (CF,S0,, VF, fluorines), -146.0 ppm
(CF(CF3), 1F); integration gives 28 mol % PSEPVE-imide in the polymer. !H
NMR Residue in dg-THF: 2 to 3.8 ppm VF, protons.

EXAMPLE 16

CH,=CHCH,CF,;,CF,0CF,CF,SO,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
CF3SO;NNaj, prepared as in Example 1 and 60 ml of anhydrous acetonitrile
prepared as in Example 1. 3.73 g CH,=CHCH,CF,CF,0CF,CF,SO,F 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 was 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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25 CF3(CF), 2 x CF20, 10 F), -90 to -135 ppm (CF2SQ2, VF2 fluorines),

-146.0 CE(CF3), 1F); integration gives 28 nol @6P§ng Wal in the
pol yner%%("gﬁzﬂ/R Residue in dg-THF: 2 to 3.8 ppm VF2 pro on@doé?(%PLE 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 flask was charged with 2.02 g of CF3SO2NNa2 prepared as in Exanple

Goocrorpor g Sl vanine® af S ACI R s 4 & min
After 20-25 mimctutelCH+CHCHgCE10ROCFsCE80,DENa)800R3n generated a

precipitationgpiﬁﬁlﬂj?qugzmas stirred for 3 h at room tenperature. The .
reaction m xtgre was |?tered t hrough a paper filter inside the dry box.
AT vol at i1 eSHEHGHR AL EROGE PSR NRRS0:CHaEs 1#04008m CF1OBC 24 VIO
01/ 40174 BCTRBRC8Y.22ppia (CFQIC, 2F),188.90 Bprd (TB5,'B, 2F),ell 18. 38 6pm (B XCE), ALIF NVR-
in CD3CN(uNﬂJﬁ%§§_the structure CH2=CHCH2CF2CF2OCF2CF2SO2N( Na) SO2CF3. 19F
NMR i n CD3CN: '=CHCH2 CF2 ACF2BOCF2CCF, DSO2N( Na) SO, CF3E: -80. 60 ppm ( CF3,
E, 5 3F), -4HNMRipGR:GN: CH,AzEHBCHECCR) CEpRCFeR22.8BppmR{H), €181, 31 ppm (2
X CF2, A + BmAle XA .74%%%, CF2CF20CF2--: 2.87 ppm
(CH2, C, tdt, )2ro,m%ﬁgghgﬁ#n( P, A 2F) and 5.74 ppm (CH2, B, IF). e 25
WO 01/40174 PCTI US00132672 | claim 1. A process conprising: contacting in
a liquid dispersion or solution a conposition conprising a dinmetal sulfonyl
am de salt represented by 5 the fornula (R2SO2NWb) 3-bM ¢ wherein R2 is
aryl, fluoro-aryl, or XCF2- where X is H, halogen, fluorinated or
non-fluorinated linear or cyclic alkyl radicals having 1-10 carbons,
optionally substituted by one or nore ether oxygens, M is an alkaline
earth netal, b =1 or 2, ¢ =0or 1, Mis an alkaline 10 earth where b is I
or an alkali nmetal where bis 2 and ¢c =0, and M is alkali netal when b =
1 and ¢ =1, with the proviso that ¢ 1 when b =2
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wi th a non-polyneric sulfonyl fluoride conposition represented by the 15
formul a RyoS¥dd7 wherein m= 1 or 2, where when m= 1 Rl ipgTRUS0bgy72 Nat ed
or non- fluorinated, saturated or unsaturated hydrocarbyl radical except
perfl uorool efin having 1-12 carbons optionally substituted by one or nore
et her oxygens, or tertiary amno; or, when m= 2, RL is a 20 fluorinated or
non-fluori nated, saturated or unsaturated hydrocarbenyl radical having
1-12 carbons oftdifmal | y substituted Dby one or nore ether oxygens; or wth
a pol yneric sul fonyl, fl.uori'de conpasition conprising nonomer units
répresented by the flor ALRTRCESE COMPYSIRE: R3SCPF) |- wherein R3 is a diradical
sel ected fromthe groupomtastmigin ihiquicf dispersion bingihetibnor non fluorinated

al kenyl , incl udi ng oxyal I
[ ndependent Ly dr ogena(g:lsl‘f‘lsﬁ41 l&{‘:&gpﬁ;ﬂ g&g‘xﬁ Fﬁ?éh arﬁ;ggprgﬁaleﬁégu& ng
themto react t‘%e a(RnW&ththc I m de corrp05|t|on represented by the

[ T el R e S i)
ihlilli er &i
al kali or alkaline eart hﬁgré{"éﬁt G\S\:Tﬂew 'ilosnnf Jinesr org é’@é%‘t‘?‘#éﬁ‘g‘calﬁ#amg or 2,

where, when m= 1, Rl is la0fdathonk,mptiodally substitutedibyrdnaat ere sthenoxygams, or

unsat urated_ hydrocar byl M'Wkaluﬁ%ﬂﬁtmé%ﬁrﬁu&o& QﬁEP—fd&l 'MYéihgangal F
car bons op&bonally 5 subst ed b%aone 0 re et ggen iary

anino; or, “when m= 2, %{eibll (OF A8 23l grety] syhers by isy 2 48 65 0 3ud M at ed
or unsat urat ed hydrocar EssaMhmetdlwhénbaa/li ag d= 1 2with tHegnsvispihatnal 1 y
substituted by one or noggegihes oxygen, with the proviso that when y = 2
and m= 2, Mmy re r sent a conbination of alkali 10 and al kaline earth

metals; or, in the ernative, a polyneric imde conposition conprising
MDNOMEr UNits repr eseahapblymete silfsmyl faofidd Eatnpobitida PebiRatdddylthe Y
15 = formula RI(SO,F),,

wherein m = 1 or 2, where when m = 1 Rl is a fluorinated or non-
fluorinated, saturated or unsaturated hydrocarbyl radical except
perfluoroolefin having 1-12 carbons optionally substituted by one
or more ether oxygens, or tertiary amino; or, whenm=2, Rl isa

20 fluorinated or non-fluorinated, saturated or unsaturated
hydrocarbenyl 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
25

~[CZ,CZR3S0,F)]-

wherein R3 is a diradical selected from the group consisting of
fluorinated or non-fluorinated alkenyl, including oxyalkenyl or

30 fluorooxyalkenyl, and each Z is independently hydrogen or
halogen, and need not be the same; and,

causing them to react to form a non-polymeric imide composition represented by
the formula

{-[czzCZ(R-"sozrgsozRZ)l-}y

M
35
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M 15 whereiny =1 or 2; R3is a diradical selected fromthe group
consi sting. fluorinated or non-fluorinated al kenyl, i ngdpgsdegaeraxyal kenyl
or fl uo\k’%}@QVQenyl, each Z is independently hydrogen or ﬁg ogen, wherein
the Zs need not be the same; R2 is aryl, fluoro-aryl, 20 or XCF2- where X
Is H hal ogen, fluorinated or non-fluorinated linear or cyclic alkyl
radi cal s having 1-10 carbons, optionally substituted by one or nore ether
oxygens; Mis an al kal | Y.S,51 . !t'.ne & . eny is
2. 2. The process of (}Vg}g@h mﬁé’?ér%ﬂ%naga&%g% : e%%ért%lg?&eﬂs%@ol?\i\g aimil
further conprising an Phéfespecipelyime beghwhere, whenmi= 1/RVige process of
VC\JIh aim 3 \Aﬂerel E the Orﬂaéﬁrﬁtdgldilﬁbﬂ-ﬂu&iﬁﬁe&?&ﬁfath ed &-unIii&af R0 are i&&}h daim 4F122
erein the ether is tettahydrofuran. e. process. o .l erein F
i s a perfluoroal kyl ra‘éﬁd&%{%"%@@{Wﬁ‘r?{8°1§ﬁ8’ébaé’g‘ogolr%w?ﬂsé’%§ﬁ%ﬁéﬁ nRis a
trifluorofret hyl radi ca$ubsgtutefithy ope ot mose ether@xagens ontertiaryi amilbi or, an al kal i

metal, b =2 and c = Owhexgm:-—?rﬂq{'%,g‘ﬂﬁﬁﬁnﬂédQ&h@&rﬂﬁ@ﬂ,@aﬁr%d& sodi um 10.
et her radical. 11.

The process of Caim2 wherei I's a perfluyorovin

The process of Claim 1@WEA]WE?@’%V£@%F%WII'§ sacponsoptenally; s 35
represented by the forsabstituzd by bt sr Mosedthddaxygaswitle leprevso that
~~ITTTHITT~~W-~1 [11 Lyt LLLL LISl . /40174
PCT/ US00132672 CF2:CF%%_ %F'éf’}il’él) % &i"?@é&k’“ %@ﬂé?aﬁ"kﬁ\% or

perfl uor &l kyl havi ng adplklinggaghmstals;0 or 1, and a = 0-3. 12. The
process of ChbRinthé hltvvhstiws, B pBdmiefic trhidelcomposinémydmprising rhonohid unfts a=0 or 1.

13. The process of ' rein Zis F. 14. The process of aiml
wherein R3 i§€’p§sper"ﬂ)€g’?(%y¥/@§kenyl radical. 15. The process of Caiml4

where R3 is a perfluorooxyal kenyl radical represented by the fornmula 10

O [ CF2CF( R4} - Oz] a CF2CF2 wher ei | fJ uoroal kyl having 1-4
carbons, z = 0 or 1, and a = 8—_[@;2%%55521]S§oﬂ95]-iy
) M

15
wherein y = 1 or 2; R3 is a diradical selected from the group

consisting of fluorinated or non-fluorinated alkenyl, including
ox_y:ﬂkenyl or fluorooxyalkenyl, each Z is independently hydrogen or
halogen, wherein the Zs need not be the same; R2 is aryl, fluoro-aryl,
20 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 alkali when y is 1 or an alkaline
earth metal when y is 2.
The process of Claim 1 whereinm = 1.
The process of Claim 1 further comprising an inert, aprotic organic

won

25

liquid.
The process of Claim 3 wherein the organic liquid is an ether.
The process of Claim 4 wherein the ether is tetrahydrofuran.
The process of Claim 1 wherein R2 is a perfluoroalkyl radical.
The process of Claim 6 wherein R2 is a trifluoromethyl radical.
The process of Claim 1 wherein M is an alkali metal, b=2 and c=0.
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 perfluorovinyl ether radical is

30

I R VIR N

35 represented by the formula

27
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16. The process of Claim15 wherein R4 is trifluoronethyl, z =1, and 15
a=0orl. Xyeolea7process of Claim| wherein the sulfonyl fl petiugeoserymer
conposi tion further conprises cononomer units derived fromthe group

consi sting of fluorinated, but not perfluorinated, olefins, non-fluorinated
olefins, fluorinated vinyI et hers, non-f | uori nat ed vi nyl ethers, and

m xtures thereof. 20 18. The process of Caim17 wherein the conononer
units are derived fromt mmupmm,wm_@ ,EFe— per f | uor oal kyl
vinyl ether, vi nyI | dene fI Goride, and vinyl fluoridé, and nixtures
thereof. 19. Th wherein the compponmer units_conprise
vi nyl i dene fl udfi ﬁ%? 26”’ ‘é"rﬂ?l%ge'?é’méfl ‘&:F%Fgﬁﬁ’slg “hes bidare0-3i nyl i dene
fluoride is at a d@nc’é}ﬁpxamssnfﬁlaxmtlllmémmxan’uﬂl%romembez%i fafdy |
fluoride pokymg ggnposition. 21. The process of Caim1l wherein the
nononer units represent ed by the fornula -] CZ2CZ(R3SO2F)]- are present in
the sul fonyl fluorilde P&t preesss af ClaimdonberpinZaisifon of up to 50 mol % 30 22.

The process of d ailm ZIhd\ﬁmeesstcmnﬂwmlhmls n@?lbﬁldmélhe
formula -[ CZ2CZ(R3 F 4 thessul mer at

a concentration of i% %ﬂ Ifg e%sB%&/? V@}Fé E‘ &%B?ﬁﬁ?m #ﬁ“@fFTa@FﬁK

conpri si ng t hereprespated by thefformilag an i on exchange to formthe lithium
imde. 35 2@. The process of Caim 23 wherein the ion exchange is perforned

by contacting the sodiumi m-de-vsg(n:gcgp‘ W@T]“—t@z chl oride solution. as
BeenRepIacedThlsSheetH28‘IIII 111 TTI11 0 T I I I T A I I I B
LR il III lI JJ V\SP01/40174 PCT/ USO0/ 32672 25. The
process of O a™ e’rs ?f&eﬁg‘%?ﬂiﬂd Yigd -4 earpenss 2 g el aBd Ast&B- sul f onyl

ani de salt conpri sd§. aThd mraedss 60Chiith 1%ovetfercinRe islirifiordmenilf @8yll, an@ni de
salt. 26. Jhe prqorgss of Caim 25 wherein the conposition conprises at

| east
17. The process of Claim 1 wherein the sulfonyl fluoride polymer

composition further comprises comonomer units derived from the group
consisting of fluorinated, but not perfluorinated, olefins, non-fluorinated olefins,
fluorinated vinyl ethers, non-fluorinated vinyl ethers, and mixtures thereof,

20 18. The process of Claim 17 wherein the comonomer units are derived
from the group consisting of ethylene, perfluoroalky! vinyl ether, vinylidene
fluoride, and vinyl fluoride, and mixtures thereof.

19. The process of Claim 18 wherein the comonomer 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 fluoride polymer composition.

21. The process of Claim 1 wherein the monomer units represented by the
formula -[CZ,CZ(R3SO,F)]}- are present in the sulfonyl fluoride polymer at a
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 sulfony! fluoride polymer at
a concentration of up to 20 mol %.

23. The process of Claim 9 further comprising the step of performing 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 lithium chloride solution.

eplaced
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5 90 nmol % of said dinmetal sulfonyl amde salt. . 27. The process of Claim

1 wherej I metal sulfonyl amde salt is contacted l‘b’i‘)ﬁs&d}:&m
non- pol w%él?@lgul fonyl fluoride conposition causing themto react to form

t he non-pol yneric imde conposition. 28. The process of Caiml wherein the
di metal sulfonyl amide salt is 10 contacted with the pol yneric sul fonyl
fluoride conposition causing themto react to formthe polyneric imde

ol et composi t7on TREPrIas B SHiPT L Hodin B L oRBemetn P RBE e [ rom e
per f | uor o- ol ediimatal sufonylmmeidp salteomprises lleastyP@olWenfeaid dimetalrstfonylor ol ef in

Is 15 tetraflgaestihyl ene, hexafl uoropropyl ene or a conbination thereof.

w3
1111111111111 I'261 1 Hi% :;L)I:'Lolc%slslo aimNZ% v%%erei%%he composition comprises at least

5 90 mol % of said dimetal] sulfonyl amide salt.

27. The process of Claim 1 wherein the dimetal sulfohyl 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 po'lymeric sulfonyl fluoride composition causing them to react
to form the polymeric imide composition.

29. The process of Claim 18 wherein the sulfonyl fluoride polymer
composition further comprises a termonomer unit derived from a perfluoro-olefin.

30. The process of Claim 29 wherein the perfluorolefin is

15 tetrafluoroethylene, hexafluoropropylene or a combination thereof.
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