WO 01/ 47872 PCTI USOQ' 34074 Tl TLE METHOD FOR PREPARI NG FLUORGCSULFONYL | M DE
MONOVER FI ELD OF THE | NVENTI ON The present invention is directed to a
met hod f YO OH&8 eparation of a 5 fl uorosul fonyl inm de norRIFEISAOSEFTdI f or
form ng iononmers. Such iononmers are ys gl in electrochem cal applications
such as batteries, fuel cells, electrudl*. cells, ion exchange nenbranes,
sensors, el ectWﬁi&@DMRER@G&RM&FLEROM@U&ED@JYEM&DEN@NC&H&Rmdl fied
el ectrodes. BACKGROUND OF THE N NE AR rs represented by the
formula CF2 = CFOCF2CF, SO2F (?%&TMZEH et al.. U S Patent
No. 4,940,525 to ﬂ@mﬂfﬁ@ab@wms\mmﬁed1<5amqaoﬂ‘ordweniematmmf@| ysis to the
i onomer fsorrﬂuok&ﬂﬁaﬁyﬁnﬁae &Bﬁoﬁayﬁﬁseﬂjl%ﬂ fb%%o%n&%&%' ISu@iE]ron Hxi L?z{} Le for a
ora

variety of ele hem | i cations | nc| uding process.
Put nam et al¥s® “L‘ g?ﬂm PPi”B’(‘P.E’SE?QS a%)?atieﬁ“'é tféeléleﬂeret*ﬁéfrpbélsl?esnl ck,
U.S. Patent dfs,idn maﬁé‘a&neﬂbmkp%eﬁsoas RIRQEEEFe L] cBp PR axgor?ooac;d

CF2= CFOCFZCF7§PZE ]Xd% ?‘{Yﬁ |ls of. FS02CF2CF20CFCF3 Resnick op.
cit., forns |k AHHEISIO8% for mul a OCF , CF- SO2CF(CF3) (I1) 25 by
pyrol yzi ng the FS02CF, CF, @gggg@@ﬁgyNEuDFmemamehngelpresence of Na, C03.
Resni ck 1hhen rea J f wi th sodi um nethoxide to form
CF, = CI%E(}JCFZCFZS ﬁ%&@\ﬁs?%%geﬁtteﬁ%ktgé(;ﬁovrérlrutl%d through a series of steps to
t he nononer (1) followed by copolynerization with TFE and subsequent

hydrol ysis to the |onorrer form 30ChaTHdiPEr 26 5¢8E t he generallfized

reacti CF)QP schene O n- I = FSQ2CFRf C( O F- ~ X/CF CFl) cF3
FSOZCF CF2 2 0 -
or AR5, O PHARE TS fo%%é‘%lnv%%ﬁ! ifversity.

1996 Pagws tﬁEa‘P“ﬁ“‘@‘i‘J s B¥E0 NS tod mpmen@mﬁsm@fmmm disclosetl wi t h t he

cyclic sul f ogeEz4él )me sRI1BIk €8S rik¥ ot/d18difbcEm{eERapp SR akfsGRE Md\a) SO2CF3
(rrr) am dst Cl arslg‘er yield of 5 saturated species. Xue provides no
bieraliathrose

met hod for & igher yield of (Ill).
Putnam et al., U.S. Patent No. 3,301,893, or in the alternative Resnick,

U.S. Patent No. 3,560,568, discloses a process for preparing
20 CF,=CFOCF,CF,S0,F by pyrolysis of FSO,CF,CF,0CFCF;COONa. Resnick,
op.cit., forms a cyclic sulfone of the formula

OCF,CF,S0,CF(CF3)
(1

25 by pyrolyzing the FSO,CF,CF,OCFCF:C(O)F of Putnam in the presence of
Na;COj;. Resnick then reacts the cyclic sulfone (II) with sodium methoxide to
form CF, = CFOCF,CF,S0zNa which is then converted through a series of steps
to the monomer (I) followed by copolymerization with TFE and subsequent
hydrolysis to the ionomer form.

30 Putnam discloses the generalized reaction scheme
O
o1 / \ ~ FSO:CFR{L(O)F —>»
XCF-CF»

FSO,CFRCF20(CFXCF,0),CFXC(O)F



There is no teaching in Xue in regard to the concentration of CF3SO2NNa2 in
the reaction mxture, nor as to the relationship betvveen Leld of (111)
and the WOR#ST%ation of the CF3SO2NNa2 DesMart eau, %Qp S134RE.

5,463, 005, h I Ovmthtetrafluoroethyleneto
forman i ong‘}rrhggil XE%@F% g’p%w@ 8%4’%’5? %y} di scl ose the copol yner of
(111) with vinyl |>ﬁ’én3hﬂ JBP#‘%@I%S%UW’&YSW’H GrShows s 18 COSDRMBARY OF THE

I NVE{\JTI O{\lhmen@r QNN WRen adtedWaR m;fcgé sﬁlmd@(ngtpr%h%@ %%I ]9 |
greater an resente ormul a
15" cro-croviei2esEls NMWL%WW% {0 gicfta i ises Ve oal eyl
havi lnE IZI.54 cautmabspepes. 0l fryvidsdsisinethot det dojiieeinger h:gh@‘@ﬁﬂld oMIily. aln al kal i
or al kaline n pectively 1 i S. ,
fluoro-aryl, ﬁé{e 19&@&%%@%&8 & %‘gﬁ% tﬂzl?so(éoélﬁem?alnﬁ&pfﬁgﬂ%gz@% inthe

non-f | uori nae@dmh mxtare, oor as;lolﬂm:rehﬂnbyihxp betwieery yieldl€f (E&r bairtbe optional |y

substi t ut ed .By.-0R6: F oxygens; the process conprising: 25 a
cyclic sul fgnecere g‘gg%%éeg gédjq{ma Structure OCF2CF2SQ2CF( CF3£/( él 1)
wherein Xis F o %Maﬂp%&b&mmmmwoa displgsenthesppolomsr pi/(l

subst i t yped with @kiMloreuiN e m%ﬁﬁaﬁl&emepsxcémﬁge@mwe)%m@ honyl am de
salts of Wmch sai.d salts at | east | -% are sul }/} ¢ salts

r epr esent ed Y5§losh thercgpaiymsr of RBEpRinyydRnelpapdeto fomm & lithhwa dongmer Been

Repl aced 11111111111111111]SI11N4MARY\/@Q'1,;{;W@N?@'NUSOO’ 34074 wherein Ris
aryl, fluoro-ary l§F2- g/nere X 1S Irfi en, quorln(thed or

non-fl uori nat ed I ﬁgfaﬁse PIEPEPT & APTRGTSS %roff)%‘l“ HAMFE Erepterdiatlar hons,
optional |l y $0bsili%Lr mdndyeronenapositonaemeseateddbyvtpefiemuld s an al kal i ne
earth mgsal, b=1 or 2, ¢=0 or 1, Mis alkaline earth or

(CFfCFOCFgCFXS(l)zNSOZR)y
M

V)

wherein X is F or perfluoroalkyl having 1-4 carbons optionally
substituted by ether oxygen, M is an alkali or alkaline earth metal
20 when y is respectively 1 or 2, R is aryl, fluoro-aryl, or XCF,—~ where X
is H, halogen, fluorinated or non-fluorinated linear or cyclic alkyl
having 1-10 carbons, optionally substituted by one or more ether
oxygens;
the process comprising:

25 a cyclic sulfone represented by the structure

OCF,CF,SO,CF(CF3)
(1)

wherein X is F or perfluoroalky! having 1-4 carbons optionally
30 substituted by ether oxygen
with
a composition comprising sulfonyl amide salts of which said salts at least
50 mol-% are sulfonyl amide salts represented by the formula
(RSO;NMp)3 pM'c (V)
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5 alkali nmetal when b is 1 or 2 respectively and c=0, and Mis al kali
metal when b=1 and c=1, with the proviso that c#l when b= -t her eby
f or mi ngW® Q{43 20peni ng reaction m xture; said ring- opem ﬁﬁ PSP, i xture

until at |east 50 \gﬂéreé)@&%gf Y’lu l%rgéﬁﬁzhg,@%e@@%@ %Qlyerted to said

mononeri ¢ conposition rein erm "réac i s intended
to mean al |l ow ng afluergmtad qr\n@n-fbmwmédmaﬁqr cycliealkyl @dlcmsmum to react to

format |east one pflg‘éh'ﬁ%ns o ﬁaqénmbsﬁtﬁbéd dn@raﬁllxﬁdfe bl HEkeRd INIF | NY

and/ or heating or cool h@g TAI Lagrl)t %eR The present” I nvention
provi des a process'*f8@ RG &3t S i SQIPT g 1s 3 a’(“i“??‘”?hrﬂro a nmonomer
(I \/]2 urigfar condi t i gikali hﬁ&tﬂwhgnbﬂsaoyﬂeé@eﬂ;ve@ygmﬁo ahaM Stikal -

preferably greater t refera an 95m)1 % as
conpared to a yield° %?wg nfl@“cg%cdrd }h%elpf)ovt'%o '!hé?‘tg’{l ‘%‘Tq% op.cit.,
shows that a corrpo&lctebwﬁomongamgr@emﬁasemﬂmruxtumn react ed W|th t he
cyclic sul fone (11 dyidiihk obhflrAciR IR 2Pfeali3 AO.DRART (1 V). Xue

does not provide enoug or one o0 in theart to
det ernine how to afyclie sultﬁmerl@a@pﬂoeprtvsrta@m saybmphemanie pormpegitéon. yi el ds whi ch

are reaui reddeaheRifthd &ah "R IARLARE to ARARAAGW I 1daSBRfo about 50%
typically at least.ca. 90% [t is found in a preferred embodi ment of the

present | n\FEAPOBEALS i feackemmppicde reagt i fermiak A PIdUSt-ghl y ef fective in
produci ng t"Readthigo medy dptidhaloimpREe kiigthg(dnor Wedtthg &rwoplihg.si ngly, virtually

no side reaction, to provi dmmg{; especially yields of 90
nol - % nost especially yiel eater. The yield of the
desi red nononer Tl¢ Mesche perdsoms provndgs p pooces$for convareng a ay¢lesulfbne he
CF3SO2NNa?2 i nventi on
the di et A dnprEmShiRt 9 5 5"92%1‘%#‘?'%5“’5% o RSl 58F) 3 v .
shoul d, pr& wokbh. )Pfefﬁtabbtgf?%@’e‘lhﬁn B8 muloduaest pa@feralbngfeglrreémn 9pmot-v), R | s
aryl, fl U0%Oss@lopardto ¥Gield oMby ‘%(abéi)rJﬂn hateaen, fluorinated or

non-f 1 uori nat ed r or cycllc Kk Lcals havin -10 rbons,
optional Iy subswht‘{‘}e)g BY cfin 8heyys %ﬁ?%%mm W&%@“g%éﬁézaﬁ%al kal i ne
eart h net awhen tmdtedlwlmthecyblmrsullfpné\/(ll)&val weldiawmatbarhdurnof glekal i netal when

c-1; aTh PRASHERIVL RiclaqiR B opidhendlih MiorhBoi o orBg Bt 9T, o

and c=0, btezietqnmqilqutmalfﬁéﬁhel rgesting tn;aphlevtaﬂlpemch hmlmryml@sr‘éhabla;c Mis

sodi um andreeuirai %rﬁa?dcftlEMQﬁﬁl@&éh‘x’itldhaﬁé&?A §1ea1'mb%u8!9@%t ﬁ?&n%ﬁn Repl aced

11111111 11]é11 56% It|1|s Ifounldlnll a preférre /erﬁlzg IZneEth-)r € present mventlon that

ast ¢
CF3S0,NNa, in purified form is highly effective in producing the monomeric
25  composition (IV) with, surprisingly, virtually no side reaction, to provide yields
of 50 mol-%, especially yields of 90 mol-%, most especially yields of 95 mol-%
or greater. The yield of the desired monomer (IV) depends strongly on the
concentration of the CF3SO,;NNa, in the starting composition.
In the process of the invention, the dimetal sulfonyl amide salt starting
30  material (RSO;NMp); pM'c , (V), should, preferably, first itself be produced at
high yield. In (V), R is aryl, fluoro-aryl, or XCFy— 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=1 or 2, c=0 or 1, M is alkaline earth or alkali metal when b is 1 or 2 respectively
35 and ¢=0, and M is alkali metal when b=1 and c=1, with the proviso that c1 when
b=2.
Preferably, M is an alkali metal and c=0, b=2, and R is a perfluoroalkyl

radical. Most preferably M is sodium and R is a trifluoromethyl radical.
3
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The dinetal sulfonyl amde salt (V) can be nade at a purity of greater t han
50% preferabl% reater than 90% nost preferably greater than 95%
cont act i n Q01 onyl am de or nononetal sulfonyl am de sdGr "HW@’P@W havr ng

the formula (RSCENENZRAM suifbd)amidd §21?t| (g}u) cér‘? 99% g ea?elr i ne

earth netal gphydrrde and an aprotic orma re on m xture

whi ch is pernPt etpferably gesntar thay %y%??eéﬁaﬂé@f@éﬂéhafb%ﬁ%ebm on up to
(1??;%; vvhrl ch bsnt@cftﬁi‘gefsfuﬂdnyl:dﬁnﬁé'lﬁr m&hbrheaydul BAYIGeNIAE smeesraiwﬁaiékl t herteO}‘

a=1 or al | pe s alkali neta
or hydrogen MWM%(R@%@& ‘gﬁ {'}?&ELF?SGSF% grﬁg,pralkérne;@g mefflere X is H,
hal ogen, br ayddidecanidrataprbtisrliqnaitoffbmoniremtied nittoeavhion islftreytaddite al kyl

radi cal havi ctlto]zxg\g%@glpe(arh%breg Q)% 0841%;'41gn Posltdoth fﬁi?]’gl%tpﬁ%eﬂgé él:l?(al et her

oxygens. The AsST's 5t Ure or
al kal i ne ear §1Fif€hy’élﬁmdi§53r mgmometal saluthered! (H),leall ior 2nbl"ad dkblineccacthmidtal

hydrides. ! T wheh 8Lef Npdhs alildf ARG HOBroRBY wREDE A ahdRSL BYF M Bfl T er ent

hydri des berngf ed t the reaction”at erent "tines. ably Ris
per f | uor oal k9T XCies tfr’lsree’ﬁ srBudiajogen; enarasinated\or noarflgonnated lingarof er abl y

sodi um  GF3SeXMNdAIyS réd’\@i REBAL T 110GafoRt, [dpREndTRI @bbtihteh ‘Bz onE %Pﬂ'fo'ren g the

preferred CF3SC2NNa2 e I n the present. process. preferred aprotic
liquid is ac8 8‘?1%%??%%%?8955139} co?q‘@ °§éé‘@i‘ “%Oﬁﬁoﬁﬁrtw alkadi TF3SOPNNa2
i s conti nuedkalivd darthrigdadest thambhml’e cﬁ“raﬁdahlaﬂg alkatigd éaath H}&in@@ﬁpﬂf etely

adi usted oo PRIFTENEPh B ot R AR bR, BB oRRbERE Bt enai n
when reacti orherrsaC@an1 dfferenMimes. pr ef erably, t he hydri de is added at
slightlyjdel ow st Pfe@é}htﬂg%hngrfﬂﬁ?&#ﬁyrpoﬁpp hﬂp&%n% WY nﬁll\gg saspect of

the present invention orm o et al
sul fonyl ani BEfesghly spdjym; 6F 3&1%1115 qweferrr@dégﬂcmngcmztsn@hfpmmar(mg fheto form

the desired pRRSMEICE,SCOINPRS kij rb@ze& in\ﬂue lpFesyﬁﬁJréc%ss APy fefeRieAdpbag% Wi th
virtually no nonomnet al sal t thereof

e reacti am de an
(M) are sol B%‘flg’ﬁ Wei"ﬁ‘&n% g’,rgfgraglysﬂ}e\;geg @“é?rﬁTo&%‘Ht FiriBhe2IN8e Bss of
preparing t henmﬁrnrmi atil suk bomylotmrrrmzlﬂmgsahtbmﬂ\{é corbpltetelymmdmrﬂ’ed aid sul f onyl

d bj f the dinetal
2l oyl G ki, MorRSkerrt 5, B RBL R ISR ol S Batty ot ca i n

the art. Theargerrmwﬁqrthyr %Iﬁlﬁmsmml remaix pihoin t@dtmmlsxep@ﬁm eMtohte reaction
product fromyitheaHigard h%d@‘x%&d&e&a 9%@10’&1 Hoit Hﬂféﬁﬁc{% gonpri sing

3
sul fonyl anmide salts at’ |east 5 %ﬁh &Feferab 0 nol - % nost
preferably at | eadPagsulasly- S%Pf@mg\aﬁr’%t)& Wsarenveﬁpeeeﬁh@eaebgghime formul a

35 ( RSC2NMWb) @urlfidd, fox(n\/))fzhashrheamurtabyx\/@mdefsarnm is AAYte8 SANERE Blicn®t hod known
in the afd fs?xrifon rat'x{x']r? (%ersdfromlrc S Jmy R}-:') r;Pek@/ed i ncl udi ng
filtration, ~cen oY 4i5 d5RiEEd TP amie "}H‘? 20 (
approaching 100% with virtually no side reactions.
The sulfonyl amide and monometal salt thereof (V1) are soluble in the
aprotic solvents employed in the process of preparing the dimetal suifonyl amide
sait (V), but the dimetal sulfonyl amide salt (V) itself is not. The surprising
30 insolubility of the dimetal sulfonyl amide salt (V) in aprotic solvents is not taught
or suggested in the art. The solubility difference is exploited to separate the
reaction product from the reaction mixture and obtain a composition comprising
sulfonyl amide salts at least 50 mol-%, preferably at least 90 mol-%, most
preferably at least 95 mol-%, of which salts are represented by the formula
35 (RSO;NMy)3 pM', (V), as hereinabove defined. Any convenient method known
in the art for separating solids from liguids may be employed, including filtration,
centrifugation and, distillation.
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This Sheet Has Been Replaced 1111111111111112111111111 WO 01/47872.
PCT/ USO0/ 34074 Wile it is preferred to permt the reaction'to run to
conpl etWOmW1/41812s may not al ways be practical depending W@W@‘i@?ﬁr otic

01 vent chosen while 198BSt BULTA U red Q0§ SV eI Sl AbIEYed 1 abou

4 hours, room
is requi remt #bmy&b@%a&bmlekmt@mg wpen the aprotic solvent ahasam, Intneatay be desired

to separ ata%etbhﬁmreem%@amrem&vfstach&fveamﬂa%taﬁgﬁssamao Y mﬁé u#y react ed.
The met hod_ of separation based upon heretofore un sol ubi lity

di f f er enc1OVRYERT Bedt T v ‘El’f’ryé\?if geastign pyrgguiredafor %@%GQHWWON &bl ating the
sul f onyl am Heesdlst, it Mhy bt dbiesd o @épéra‘te\fﬁ'ﬁ&aétwﬂxv;ﬁb&ﬂ& Beforsthieeen | ow.

Resi dual d I f h | f d | t
v 10 | SR SRR 1o Flear e ehpye R ook BeRRERE of ¢ ne
pr esent mmknd)wmaolubl\l‘iky differmice afeistribzal abovéiprovideSapiidiicalnnethed frd f or t he
process. Ofs it iheSafiny myd%fgtaitgv% aChB SRRV h A Lo kisfoh 1R bERTIR Coct i

NaH. This'Ts | eve €ss “%hi onetric
amount of NaH iResidusl ﬂ t Pear, from theer sybthesia ofi thersylfohyltamitle salt 6 r eact i on
achi eygs fighbt }ﬁg’rﬂy‘ﬁéﬁte‘?ﬁus ime'élmawey 'oh r&és%muzﬁésgm ifRhRHC eSS of the
sol ubl e internedi ate | S easi separ at ng/flltratlon

cycl es, priéhis &‘Pfl%‘“ﬁ%‘r H’G Cﬁ%@é?zl\quc?a%fﬁge f°r§b¢ DISRESS OfF}FP EPhri ng t he

f“h met al tsuxh\femwh tlsambaanﬁﬁ ﬁfr&e\ﬁn%dohta?ﬁﬁﬁhﬁﬁfy N;Qngn¢ht§1§?cr§lﬁ\getd0@rmggent s of

or of er r od TEIPE g HardRarfP Sieptiompie BIouH SNGHG: i PERPEtPor eof (119,
with the t@femypmetring thatwheh the réacncm aclsevastfuld sonfendibmwhayaldi willl teddi t i on of
the hysr! dsnald e ARFoReLUAN AR, ALIR R ELTSSoMNg; Lp hydri de v th

the aprotic solve or reac or st ower t han expect ed
conver si orsepa&@tsﬁbya\msbmg/e’ﬂﬁy@trcmmlmmfepattdpasmgéresmelmmfaﬂolwm fonyl anide

salt (V) will ghi ?e PRAhYERHiRE aakadymgmmgattév?ﬁmgﬁeapfohh@%apment of the

aprotic liquid 2 ected. It has ¥ng g be satisfactory to conduct
t he proce§gm<3f’mt'qﬁ%° RURATHPR AIXHIS B3Y-PE SR F‘&flﬂﬂ &y et bt thaldb fewhat  hi gher
t enper at upesferredbta first mix thestifonylaaridé 6na monombral mlnStheﬂébﬁ(fIB[ witt tiegrbodi ment

f th | t t
et wodh angiricRuidthBRa Sluba, Bp§i R SRR e fraBend Boc.
nmost pr ef splbiby haefommed Fmstrmtm‘rg)@r: @lemée wih theaprétiolygnt bas resdtddvent s

sui tabl e fiQpofRRAIhH sio‘@sf‘erﬁiaﬂ"éxﬁl:ctéd‘&érﬁz@}’ijorﬁm de salt (V) starting _
mat eri al shoul d be bstantially free of water. WAter causes the reaction

to reverse, for® SHERA EMPErafgE forarerareie dimealitenylamidesadiMdes a route
for maki ngvidl mmefvomtme imeRingambimfandhd Baitleg pbint of e apticedupitbodi nent, it

nas 35 been (0Nt} 152LL8! AShANnd SRR (PESHAN hE hlegcliRg vat er content
invention at room temperature. However, somewhat higher temperatures result in
faster reaction. In the most preferred embodiment of the invention, acetonitrile is
employed as the solvent at a temperature between about 0°C and 80°C, preferably
between room temperature and 80°C, most preferably between room temperature
30 and 60°C.

Aprotic solvents suitable for preparing the dimetal sulfonyl amide salt (V)
starting material should be substantially free of water. Water causes the reaction
to reverse, for example to form CF;SO,NHNa and NaOH, and provides a route
for making a sulfonate instead of an imide. In a preferred embodiment, it has

35  been found satisfactory to employ acetonitrile having water content less than or
equal to about 500 PPM, with water content less than or equal to ca. 50 PPM more
preferred. Acetonitrile is quite hygroscopic, and care should be taken in handling

to avoid water contamination from the atmosphere.
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equal to about 500 PPM w th water content |ess than or equal to ca. 50 PPM
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yi el ds, the puri of the mononer (1V) depending directly upon the purity
of (V) prepared a%fbmfdhﬁgletf@dﬁ hercinabexet alone opimycoubinationwotiddsa of

preparati on H"Qﬂ &ﬁ&ﬁﬁhﬁbﬁ%@&xﬁxe&@&%hﬁvﬁadﬁgﬂwﬂ' %c@xﬁhl ' ties of

greater 25 The here to am de

salt (V) i sa}g% g@‘ﬂ d‘rgﬁélﬁ“g‘%ﬂél i salhtRSPNMpe ' iV )mﬁ’@éﬁf %@n ﬁfé‘%l Wat er

vapor concemn@gmm;@ieadﬂp@mle% pAE BRVEetRER et Oy BEbcHBeD §s Sk t abl e.
Hi gher Izgvel entratl on can be . tolerated, but it should

be under’st o6 ﬁ‘%{ﬂ af@t“ﬁ%‘%‘ﬁg ﬁ%‘}‘:e h‘?/\%’?%qm VRO ALISRE BT GIPNGMET he
at nospher e, (F\¥eatgighatields, tthepwiy oé tiemadronmer dIV ) degedtiing dibtigupbh tHeeact i on.  As

a_gener al L&t or The term
"inert at m)i) ﬁeyr ﬁ@g ﬁr%g %@tagéreé@ﬂgrtée)ﬁxers gbgn)&ggﬁ?%ﬁ&% ch}t %sphere havi ng
a wat er vap(ﬂfepébarﬁlééﬁﬁlreaﬂi%ﬁnbﬁd 3re sapableaf padroding §9) plpnvﬂtllttsqureamm neant to
inply a non+igsig$st.i ve at nosphere. Thus, the reactions herein my

25 The atmosphere to which the dimetal sulfonyl amide salt (V) is exposed
should be substantially free of water as well. Water vapor concentrations of
about 25 ppm have been found to be suitable. Higher levels of water vapor
conceniration can be tolerated, but it should be understood that the hi gher the
water vapor concentration of the atmosphere, the greater the contamination during

30  subsequent reaction. As a general rule, the less water the better, in whatever form.

The term “inert atmosphere™ as used herein refers to an anhydrous
atmosphere having a water vapor concentration of less than about 50 ppm. It is
not meant to imply a non-oxidative atmosphere. Thus, the reactions herein may
be accomplished in desiccated air as well as in dry nitrogen or other non-

35  chemically active gases. Dry nitrogen, however, is preferred.

Preferably, CF3;SO,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
6



be acconplished in desiccated air as well as in dry nitrogen or other naon
35 chemcally active gases. Dry nitrogen, however, is preferred.
Pref er IOYIABIBS2NH2 i s di ssol ved at a concentration i F¢HESPSGAYE of

ﬁ.’ 10% by \%:‘go%p;le 'd%‘ %WQ' tprr.&!hi%t i)gg%gytoi fgﬁﬁ,t cridt %@é%si%“cﬁ'h@ﬁéf&ie} rogen. At
i gher concen ratléns goo%i m X1 ng becohe nore difficult to nEintain as
the 6 WO @1pmmamms/1m@m®n@’pnutkor%bym@t@hsdzmef agitRdoBR MAYegi ns to

form creafel figfefre bSRUMPRRtirIALE 84 ltrasdhi cCAPNGRHM, or phiefTluldigdiRn t han
about 10% by wei h&], ot.her, for rrsMgf gﬁll.&.at L.on W J?e %fe;f r.(Fd over sinmple
stirring, SSERAS HaY bF erhistsd usmgg MigrebRiudiger ravailgble fram 2GeTolidicach as may
be achbevdflc|NewtgpmMACTr oFl ui di zer TM avai l able from M crofluidics, 5 Inc.,
Newt on, MA. Maijtaini.ng.the inert ere | S . B gitation
cont i nui ng untﬂfun{aﬁ’émgé X F%ﬁ?ql%s@%r%ﬁggels ?%degggiﬁlé 251%31?%%8}1%%@“ dr ogen
gas evol utuntihtheaeastiondecenpletedd abgutdoyr lwams: ydnogemaaseydlikioowatej n the art,

has been f . : ' | 'vﬁ{a%] ' ssation of
hydr ogen g%gg?] ?’Il%e_\% lgﬁ&%%og@%&ggﬁéfﬁ%% %n o} qpﬁg&’r}éag?%%ﬁg.l{n?ﬁg%gﬁgunt of NaH
added depeaftestivpindicatos op saactieny| Dhe easspiionaibiydepger sandowsignalsi t i oner her eof .
Addi ngpa Sdol it dTaRSreaMedn, t he stoichionetric amount of NaH ensures

conpl ete conversi on of the CF3 NH2 or CF3SO2NHNa, to CF3SO2NNa2. However,
this | eaves CF3SAm@mt §BNBH&§§%GCRCP § PPYURE RATHCHIAE feararefients of f! ubl e NaH

f Lom whi P%h&titfﬁﬂ;ﬁr I!Me(fﬂ fAddIG;ng 4 slight 8qas aﬁa.thé-ttmhﬁfnln?tﬁt aimalﬁnt dfeen 1;] ound
t hat resi is largely inert_.to cyglic in the
process of fta‘isnﬁlﬁ?ﬁe‘iﬂﬂfpgﬁg&ﬂ‘év?%mﬂ ﬁgh‘ﬁr(gfégazqueéﬁasqi?m&@wt he mononer
(1V). On CRSQiNNa,. Howkver, fthis heavgo@F 3@, NNa paschprepared hell contamewmtedpossi bl e
CF3SOZNa2, - | N toL e LMetLd ¢ anount
may boélglerrp%’rlct)@gﬁgkugle?ghgﬁwsogg glfn%c a{% mt9 %g@'ﬁ'\gﬂpﬂ ﬁ/\lseggﬁ %ilﬁg&g%ér%gﬁtr}ﬁegd Enpl oyi ng
a deficit bsenfpyndthayresidpal Nathislargalytingrhtq g syeliasilonabiibinghe onver si on of
the CFS?%%&SQSf@E%Q%NWan%%m%%%ﬁ%{BM?e@%& lHébﬁ&ldn%‘r!(Wf)?' | CF3IS:]§>2NH:\la
is easily washed, a rom e insaluble : al sulfon
ani de sal t&(‘ai})e %V\%éd’dfﬁ\?cg%nﬁé? a EYﬁthﬁ ea%‘?%?ﬁ%@ée C;{ggpgﬂﬁ% ature, bu%/
t he user nhen abkighaveafieit of NaHébejuys iclstdichiymefricsmonina neyle eamqdoyeditol ent
deco Sit] hal ' i - handl
RS er e PENER A il boellbad Bt TEAER gmﬁ‘ﬁgéﬁég keep
)]

this nateria ] > reconmme keep the
mat eri al  tegesudftind¢ss thanrremplete carvension phthe(HaS 297 &y

CF3SO2NNa2cF 350)209a,5 'R s8lubl @B db AICCE SR INA RNasitf wakigaaiwayagtaeul ar wei ght
| i ke CAF9SOZNNa f%ﬁ}{‘e 30 tenperature depends upon the specific
conposi ti oA°{HE bl € ¥rerred CF3SO2NNa2 should be dried at a

t enper at ur e pr eTley dikieyal volfory] ghede dallta(l) B he dried under vacuum at elevated

25  temperature, but the user must be aware of the possibility of spontaneous and
violent decomposition of the material. It is highly recommended to never handle
this material in a totally dry state. It is highly recommended to keep the material
wet at all times. It seems that the smaller composition CF3SO;NNaj, is less stable
than the compositions of higher molecular weight like C4FgSO;NNa;. A suitable

30 temperature depends upon the specific composition thereof. The preferred
CF3S0,NNaj, should be dried at a temperature preferably not higher than 80°C,
most preferably not higher than 65°C. Certain of the compositions of the
invention, including the preferred CF3SO,NNa,, have been observed to undergo
certain decomposition aggressively when heated to the decomposition threshold

35  but it has also been observed at one occasion that the preferred CF3SO,NNa,
undergoes spontaneous and violent decomposition at room temperature. The

compound is moisture sensitive and must be handled under anhydrous conditions.



nost preferably not higher than 65C. Certain of the conpositions of the
invention, including the preferred CF3SO2NNa2, have been qbserved to
under go WO 147872 deconposi tion aggressively when heated t g {HES0034074

deconposi ti of i m%@@hﬂtfﬁ@ cf nal'BE sGthePnA SAROBSSHd genﬁkll ljgchaSl on

that the pref err?d CF3S 2 undergoes spont aneous Vi o o
deconposi t i off FPas B’GrﬂeF%rﬁﬁ‘é‘F%‘%%re The conpound is noisture sensitive and

nust be handl ed uhde pmbssctffoh@m@emdint thenBmetél m&%&%&@gal?@f US00/ 34074

It is believed that sone bl e potentially
subject to Jﬁ&?%@?%ﬁifs&‘ Vﬁscfef‘frﬁx s fo ?‘ﬁ@eﬁh“ﬁ@btg ﬁ’ctsﬁgmi‘en Bnti on, the

di met al sul f pefdratdpinde agithtion( t¢)form mmen&dma$omm?¢majmumnd¢@prl bed, i fs
conmbi ned wi t | .aqi.t at.hon to form
ho desi red ntamlf i Sfehd LIRS binldy sa (9 BBEAR Hasktd BidBiAfNae o0

am de salt (Wctmsm@@tlvmar%r@e}st%r@nmfmaielmﬁhdeyclm@alfon@ﬁé) Krivol vi ng
residual staplekghigpterial. In the cyclic sulfone (I1), Xis preferably F.
The reaction of the cyclic sulfone and the dinetal sul fonyl amde salt (V)
10 is conducted i AR&FFaFtREral the fxsdipRelienceandahe dmsedl suliony! amidasal{Vihe cyclic

sF,{ ul fone i ® cbh&}lhdtéii 1glaﬂ iﬁdfi‘ﬁatfn@%?%r@it aQ@md era(:‘umatf Whigh ﬁ{/eaérg)gbsf% lsn%lgﬁeal tﬁgggh
oom t enper at ur e .has. been r ov a

hi gher mr:)eac? F%Wd’r‘&tﬂée Vet Oggeg@fﬂ%ee %(E-gzﬁeéé? géé BeRfe room

t enper at ur e. teifiiperapire beskeenffourdaciphmeds satisfaoryy heulty aliimighdighert he absence
of an inert re&éxolnlrng%llrg%da Hl@/éwﬁ%rg*)ea' g?%s a%gog{ﬂ% Ctgtl%)?ﬁ'sgl fone whi ch is

liquid at room ratur et mi xi ng.
However, it is prﬁh@prpe@spﬁthecmmugn maydepoodwdsl ipfthe disencevadianiinat i n an

added i ngyt hdga hibdRRSWHER amgs%ﬁ Yo SARIE, Whilh (Il & Bt abl e for use

as an inert |iquid mediumfor the ocesso |nent|on
r equi r ement sICHPEIAHBE. 1§ proveded t‘bé@%‘mjsq lﬁémdmxyn&ﬁép‘}’??@ﬁtih’é@Sefeﬂf@‘d fos 20

preferred t mma&mmpﬂwwbﬁﬂ&aﬁ@n&gQ& meﬁddehenéwn@ﬁ@fneayﬁn NQLmehs NaF
by- product so_t.

be filtered Pr rred I| ds are
o hor M o) S P 2R s R et P Peess SHbhor o v e
mor e pr ef er rigdgntiont the Fedfiiremests aps sdtatrict,heybhd liguifiymd 11]SME{BI§I Riingl y, that

acet oni tio" pﬂhfe&tag s%f;vgeﬁ;&qt &,%olve@ R h&thg,g %‘?9%%‘ ag”' ng

mat eri al ,
conver si on o‘%o thitdt Wcﬂaﬁlé‘:’ %ﬁh%‘ﬁ‘éﬁ’ffo Ptf¢férf¢d)h@né$ ire eﬁ@rﬁpmiuﬁmngHF And,

conversely, dilBe£DMSO, mde@aaa@umané@l Gileys SELREE Yalerddd, RAGPELE NY

oo onan ks BUTHL. i B Sarbh@ahoshars o iclh b Ghes BRI enot ant s
are pref er abiryparipigtthé €8O, NN ahestarting ﬂ'ramﬂaﬁiﬁs Mgﬁkefdﬂfe&%ﬁﬁbah an &krarea for
the reacki oidfa hKfinPtE6n RIS of Be B Hfohd'® RIS A SflnBloshict viel d
And, conversely, the ethers which are not highly effectual in preparing
CF350;NNay are preferred for the process of the present invention for conversion
of cyclic sulfone to the monomeric composition.
The reactants are preferably agitated in order to provide high interfacial
30  area for the reaction to take place so as to provide the desired high product yield.
While the manner of agitating the reaction mixture is not critical, agitation should
maintain the degree of homogeneity in the reaction mixture needed to ensure the
desired level of conversion. Suitable means for agitating include, but are not
limited to, shaking, stirring, blending, ultrasound, and microfluidization.
35 Reaction time will vary depending upon the particular reactants involved,
the temperature, the liquid medium employed, and concentration of reactants, and
the degree of mixing or agitation. It has been found in the preferred embodiment

of the invention that reaction times of about 2 hours generally suffice.
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Wil e the manner of agitating the reaction mxture is not critical,
agitation should nmaintain the degree of honpbgeneity in the reaction
m xt ur e WESYE®72 0 ensure the desi red | evel of conversi orECEHUSWAMNTE neans

bl ending. ul ¢ r asttroncinets Sfedtton o Bab SRy boBAG P e SYeREoARY vary
dependi nig LM‘)?PP}}@%@N with| ftuorinated toa nos-fluntinated thonotriess suehper at ure, the
i quid md't@t‘ﬂfﬁfﬂ%&ﬂﬁ@ne %ﬂﬁl&féﬁﬁﬁ{i&‘b@tﬁy‘?&heo(qn&ﬁéﬁeaﬂlo%éle%?‘i’zm he degree of

m xi ng or i 1 has been found erred enbodi nrent of the
i nvention t Fe EFT“ER?“E?rFré’% high may Hgrempl Wrtgefﬁﬂﬁbflaﬂuﬂesuffl ce. 8 WO

01/ 47873 P%khﬁﬁ%ﬁ%ﬁ%ne Bemmaa NiSylGHERE StHyléie, RE@Ruseethnthe process
of the inv i on Irﬁé’flgorlnated or non-fluorinated
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;/ihnyl i d;aﬂe fl uorT}tbemmnomer;wctomﬁdsummpieparé'dabymmm‘wess oﬂ\thbﬁrliwdﬁﬁun gtﬁ%/g;n;l oyed

erew :
et hyl ene, é ra]t{l%uoro&ﬁé%l Jg?]&gﬁghofti&?ﬁ &ﬁighg?%ﬁeene gyiﬁﬁﬂdgl%é’ fluoride or
vinyl fl uorh)’déolyzﬁdéls@h@maﬁecﬂcef@rﬁp@sﬁom@hﬂq@ﬁ@t@m adegmctldwpprtocess of the
i nvent i y I nt,th 0 ion s pr

tijgn ma alnsan @fén‘é@@fﬁ%&ﬁx% £, QhemdHbIERY borhbbGtibd! P “ zed

with, e.g., TEE, then ol yzed 'as appropri ate accor hod
taught in FQ%%%‘PEI@ngpS@iZ az I‘Othlthe ayfﬂWéPlfpﬂ"eGI)é%%@Pr?émF te Iffé‘mﬂhnonerl c
conr;)o\?\;1 ti O%od?ﬂﬁnﬁﬂaﬁﬁﬁ @Mhe hﬁm@ﬁneﬁe cBimpb¥id : ?rh\éﬂn}icthtoh{&ccycl ic sulfone
[ erein | e formo e oneric
((:orrp05| ti orfomp{?flaoﬂ’ﬁ% fséo ‘E‘gf?pdbé?]tf?lg‘}w%bx Erargny ‘§1ﬂélgo dfved in THE

fol | oned byrHF set¢ffieentonvaxcharige@ thenlithitinkEiride déérheadcording exihb amgiiod f t he

Nat ur { aPsch ﬂgchi‘gb”%‘ b, SSETBRIPES: B h b pRRE 6 et Gt and
the |ithi urfilieradaeft m&wéﬁhl@rrbmﬁgmompmnt somppuligmisrdopelymerized withny| i dene

fluoride afg 1d€fxé/ﬂ{i&1&ecﬁ%‘ékﬁﬁgE@c&&lﬁgi@ﬁa@héé&ﬂ&g&‘ihF@ihh Rpaict al .
WD9945048( to the Teachi ngs in

tivel and al sp”accor.d
Feiring et %999ﬂ%§(1§ﬁ Altgrhativelyy |aﬂﬂ1alsﬁ1aﬂ‘é"ﬁ’f5‘ﬁdﬂél?q ‘Ea‘é’éﬁﬁﬁdg i Fi"ﬁ‘ﬂ ehay be
copol yreri zadado;f tit.sthe sBﬂhu&f irmﬂwafdilxsﬁiehe cPRbysRGh maycblmﬁpmgrm@ﬂzéﬂiﬂrsf)e treated
with Liygl or polyneric
CONMpPOoSi '[6:I on s%%‘sf&rrlg can a %5}’ gﬁé‘gﬁw{@%ﬂ gpmaf%ﬁ Drm fol | owi ng
t he t eachi geomplishéenmrchenge. Thpmonemeric blypquxeam n@;npdrﬁemsm:u -formedr m wi t h
sul furic achslalsdBe c@ﬂéﬁteﬁ%t@tﬁ@ﬂc@%rnﬂfb‘l%%%ﬂﬁ%é%fr%z%f BresMbitCh], L0 obtain

L o g o it S e The g Chaoed,f1om
two cycl es neftraliget iwini ¢. @NLiMHaS oBtain the lithium composition.
25 EXAMPLES
EXAMPLE 1
CF3SO,;NH,was purchased from Tokyo Chemical Industry, Portland,
Oregon, (TCI) and dried and purified by two cycles of sublimation under a
vacuum of ca. 107 Torr, employing a water cooled (~20°C) cold-finger, and an oil
30  bath at 80°C. Anhydrous acetonitrile was purchased from EM Science
Gibbstown, New Jersey, 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.
Inside a model HE-63-P dry-box (Vacuum Atmosphere Company,
35  Hawthome, California) having a dry nitrogen atmosphere, a round bottom flask
was charged with 30.003 g of the sublimed CF3;SO,NH,; and 750 ml of the dried
acetonitrile. 9.003 g of the sodium hydride was slowly added over a period of

60 min while the reaction mixture was stirred with a magnetic stir bar. The
9



vacuum of ca. 10-3 Torr, enploying a water cooled (-20C) col d-finger, and
an oil 30 bath at 80C. Anhydrous acetonitrile was purchased from EM Sci ence
G bbst owmWO Ne4w8Ter sey, slurried with P205 and distilled tHEHEEREEr yness,
and stored_ over

nol ecul ar si eves inside dry..b until,read 0 be used.
Sodi um ny iSR! e et TR AR A G BrOsC SREER o model
HE- 63- P dr y-abdixof Yeessm TAtenozplre mes Eirgaibat yoorB Serhizantthoer foe 20 GalAiffeor ni a)
havi ng a dr Lt e, :a.h - S charged with
30. 003 g of %Pﬁiet 45538&?}%@&%%&%&3%8&%8}?%5@@%% g?ﬁae acetonitrile.
9.003 g of tahpeasyeandmpdirtber hubbling, dwlisativd géthepvelutign péhydrdgwt wag0 nin
while the regedlQn m xture was stirred with a magnetic stir bar. The 9 WO

01/ 47872  PCT( USOQ 34074 _tenperature of the reaction mxture increased from
21.6C to 50.5C duteagpcisdanixiig e siterse dureygh a glags-Ftst (HSIURBOSSY)r ed at

room t enper ahdidetht ary-86k. NThehigd solid@istwaAh&] heew timédwith @G il enheedi um had

taken on an opaque "creany". appe nce, and no further buhbling,

o cati e GRPRHBSArEIR s, tar R Bun e A 16 8 sblrl She adied st o

31' xt gr e vva?] ufn%rtx&bﬁdﬂ}{fﬂ‘?)ﬁgh) at zglr:]mgs:nﬁérbﬁue& foé-tied,isumépﬂ’regﬁ"yﬂ)w).f i RSi de the
ry-box.,The il.e i ed three tines Wt of . t he

Shyor 018 naRiteRRL 0% PR BRAE s i PR oS SR Bl 1 ask and

dried underSchizokidiask 1TheXSchtank){lagk was sazlddergpervat droen therdribbx, andtil|l in the

dry box. 10 [ 9 J LT %) | ring from

The £irter cABPRY RRIP eachlbrindefin blynh Labfun/ A0S Pt P 15 RAERRL T 09

fromthe dryerpestatugendthesipjeak flaslowas then enmetssd imen o bathaelrat §07C prdhp vacuum

T seq 1 N B B e i h 11 e

| S | | S . u urs | |

t he batﬂsmﬁ%éﬁ'ﬁ%ﬁquéheégﬁf%ﬂﬂ“ %d%élogemoewlhﬁssvlﬁ SRR EREIHNHEAE 0 for an

addi tional 20 pampwaceumt(id-P Tetthj aderiavds vaocOR{SONNEdess ondy handlsdp vacuum

(10-3 Torr) . Afterwards, the CF3SO2NNa2 was only handled inside the
W SRR,

dry- box. 30. oduct were isolated. The product deconposed at

110C whi | e geneBétligrgmk af produgtovant solateda Japro@wt fiecohwesdseatl 10K er ved at
one occasi oRyiR nérgﬁné)fa?%e%ﬁ&ﬂts%%%qg.'\lmz under goes spont aneous and

vi ol ent _deconpositlon at Toomtenperature and it is _therefore reconmended
to not 8Py this heiasibren osgived asprmercadokBapthierrefered CE1SQa¥Nson at al |

times. EXAVBhEerdostapbiiahétas bh@vidiont BEenPositamPi®mliempefahas kndass char ged
with 5.142 ghere FISO2NH2 cEE%de fré)m CAF9 OZII:bgtnlgstlélwtoziccordl ng to the nethod

of ore recommended to not dry this materia eepitasa
suspension at all times.
EXAMPLE 2

25 Inside the dry box of Example 1, a flask was charged with 5.142 g
C4F9SO,NH; made from C4F¢SO,F and NH; according to the method of
MeuBdoerffer 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

30 C4FgSO,;NNa, 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 Schlenk-flask. Afterwards, the material was brought
outside the dry-box and dried under cil pump vacuum (10-3 Torr) for 24 h at an

35 o1l bath temperature of 65°C. C4FgSO;NNa, was only handled inside the dry-
box. 4.37 g of product were isolated.

It has been observed at one occasion that the preferred CF3SO,NNa,

undergoes spontaneous and violent decomposition at room temperature and it is
10



MeuBdoerffer et al, op.cit., and 100 ml of anhydrous acetonitrile prepared

as inThvaV%ﬁ))ﬁq} . 0.784 g NaH (Al drich) was slowy added ﬁ%{%’?@@gﬁ“i od of 5

m n. e was stirred at roomtenperature for 24
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flask. The reaction n]itlxture was filtered through a glass tilter (fine
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first reaction mxture was stirredEXAMPREdagnetic stirring bar at room
tenperature. Af gk . I I VMR i n the 10
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wi t : 0 e .om . a according to the
5" et hod PR SABEREREIE bt DEPO B sOUBE hydn CAIsbic wat Siamhy adste

acet oni t ri lte fgmepfirst deaation midnenpAddifion 6f RS tgoloplasoch dimpeyiddiole (Al dri ch)

was slowy duhi : is I 1 re. Addition of NaH t ook
pl ace over g)qgglr_i%%é)‘g 9%31 l?nn ﬁd‘%ﬂ?ﬁ,‘g?ﬁ}éj‘eﬁ@ég%ﬁe’ﬁ%’??&F%‘”ﬁgé stirred at
room t enperaagnedc §inbaraAfigndhbof stiging ng Aporing canid bedetegtd byi!fF i ng, no
fluorine coummk ilﬂ_QhQ&il@l‘f&ﬁﬂdféﬁtirl@go_rgpleMﬂb&sﬂ)ﬂﬁthé%gbﬂﬁgg Q%i%ﬁfré ng
conpl ete cog.vcegsaﬁgﬂyt her eb% farm nr(ﬂ a.mxture of CAFQSOZNNa2 1 n
acetonitril%, 48 N ARG o RR AR byneompe regidualNatls | nsi de t he
dry-box, a round bottom flask was EXAMBIESi th 3.051 g, of the CF3SO2ZNH2
made in the nam}ﬁgidé){he@fﬁmkea Ilouﬁﬁgof]tglg f[gsk Qjas %‘Hﬂééﬂ Rth 3.051 g, of the

CF3SO,;NH; made in the manner of Example 1 and 100 ml of anhydrous

25  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
fluorine could be detected.
EXAMPLE 6
30 As in Example 1, a round bottom flask was charged with 3.082 g of the
CF,SO,;NH; prepared as in Example 1 and 100 ml of anhydrous acetonitrile
prepared as in Example 1. 1.134 g of the NaH (Aldrich) was added slowly over a
period of 5 min. The mixture was stirred at room temperature for 16 h inside the
dry-box. No fluorine could be detected by NMR.
35 EXAMPLE 7
THF received from Aldrich was refluxed and distilled from sodium metal
to provide anhydrous THF. As in Example 1, 0.646 g of the CF3SO,NNa,

11



25 acetonitrile prepared as in Exanple 1. 1.068 g of the NaH (Al drich) was
added slowly over a period of 5 min. The mxture was stirred at room
t enper at WO 818787226 h inside the dry-box and checked peri 8HFCEPYIAOBY

fluorine NNEJ reifirdd m'ﬁarr%hé'?%ag ol ihe 5@3\% tﬁgg\ugéé% faﬁhﬁg’offss in

Exanmple 1 r‘ound bot s char ge CF3SO2NH2
prepared as THF-EX@sveliasdfeac100 M of anhydrous acetonitrile prepared as
in Exanple 1. 1.134 g of the NaH (Al drich) was added slowy over a period

of 5 mn. The mxture was stirre t rature for 16 h inside the
dry-box. No fluorine could be de{%&%ﬁ@%&%ﬁ%as EXAMPLE 7 THE recei ved
fromAldrich was refl uxed and di StT om sodium netal to provide

anhydroug THF. As in Exarrpl e 1, 0.646 g of the CF3SO2NNa2 11 WO 01/47872

i epared. annyAnTiRGRa] fom'she SHBERHGnd RS DRI BB Rl g M
pur chased f rramxvdfanrSha)VgNmuIﬂ:ms spituing befid Osyhations (}mémastcmyden’ﬁ:rbfmmt er ial as
recei ved un j i Stl condensed
from P205. C&B 8}96% 5{1&@: ﬂ}'%t@[ls?g[ltari g&ﬂ%ﬂ%g %g é& Sﬁ%%’&a‘gﬂgjéﬁ room
tenperature Wbﬂﬁ S’rﬁéﬂgg therspsngnsine wiiiyargicon sif bas. Thercgaben sixtbier bar The

reactionom xhiHeg clddr Indidagds %rﬁﬁl%tc'rgé&i%ﬁto'f e @Pj@j KNG raﬁé‘étﬂr{é'})o%ert he
CF3S2NNa2 and a fine, powde tarted to. preci plbtﬁ%e |nd| ca,tlve of the NaF

by- product . Srtesto Beeciriiate lné@ﬁlwm%Naﬁéy-ntrﬂ% B Phe IS MBeFure CF2 =
CFOCF2CF2 SOd¥ yap md td@rucane CF &mrr@cagfer:mmm}sro ,Orged for 20 mn

dth d t | t
32I ati ng 32?2 (rae Wﬂd@?‘ iglsagﬁméhg%\gé %énglapg@qpnﬁ OSI{?%W reS| due was
dried at 10Qhfugh aglhssfRGKW1tbmedpmnporomuﬂrthMz1924vdne reicdled undes 1. 057 g.
19F NWR,d8- R 3F
"86. 0 pm ( Euryand e AN e Meb bR 08 a A RoPRTpubb, T8
2F), -138. 0 vspwaEor 344 Yrdd mxaMOb Es8 InS| de the dry box of Exanple 1,
1.200 g of tibp NGARIMBCRNAZ _@m@g ZC E% o bpef the THF
ul

O T ot e 0L Gont R R i e o room
The reacti onDyRK},ut3B8.0 ppmeB, tFear during
20 EXAMPLE 8
Inside the dry-box of Example 1, 1.200 g of the C4FgSO,NNa; of
Example 2 was suspended in 50 ml of the THF of Example 7. 0.981 g of the
cyclic suifone of Example 7 was added at room temperature while stirring the
suspension with a magnetic stirring bar. The reaction mixture turned clear during
25  the next few hours and a fine powder started to precipitate. !9F NMR in d8-THF
taken after 120 min showed the formation of CF,= OCF,CF,SO;N(Na)}50,CF;
The reaction mixture was centrifuged for 20 min and then decanted
through a glass filter with medium porosity. All volatiles were removed under
vacuum and the slightly yellow residue was dried at 100 °C at 10-3 Torr oil pump
30 vacuum for 24 h. The yield was 1.685 g of CF,= OCF,CF,SO;N(N2)SO,CF;
I9F NMR in CD;CN
(CF,AA’=CFBOCF,CCF,P80,N(Na)SO,CF,ECF,FCF,6CF;H). -80.4 ppm (H,
3F), -82.4 ppm (C, 2F), -112.7 ppm (E, 2F), -113.6 ppm, -121.6 ppm (A, 1F, A’,
1F), -115.9 ppm (D, 2F), -120.4 ppm (F, 2F), -125.2 ppm (G, 2F), -134.7 ppm (B,
35 1F).
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25 the next few hours and a fine powder started to preci pltate 19F NV\R in
d8- THF _taken after 120 m n showed the formation of CF2=
OCF2CR2 YN8 so2CF3  The reaction mixture was centri fu5€a‘f‘$88?/34264m n and

then decanted through a gl aﬁ)ﬁdpm le mp jporosity. Al volatiles

were renoved unggr acuum an residue was dried at 100
C at 10-3 Torr depté ry-Bex 9§Emlﬁdsaﬂaslhwasrﬁearquewuh@&§ gof685 g of CF2=
OCF2CF2 SO2 BB SRR From $FxaMyR i 1 OQDS aH &:Fdnch) and 20 ml of anhydrous

CF2AA =CF D Na 3F), -82.4
bprm (G ZF?E‘?F@%‘] ?Es',ia“% *@% ofiy 3T Togson I istorg RS AR KB 17
-115. 9 ppnrqgam tezﬁ)eratummdéqupher( fiiter2d through2b glaspfilier((Gne gbrosity 3141e7 ppm (B,

per usbos S ARk B O Rl oy e élééﬁr%# %%%%r{ o1 a
flask was EFaRvgddanden vacoumi1g” dom) arbberpdilie WasheaedtmsiSeClfor 20 hE85 g NaH
(A dri ch) aod1eR. 13l @WnRiPor CHIS Aifith Ghre flbstdild %grr?{?onm metal ).

The reactlon%{?r? { was .stirred for nperat ur e afd was t hen
filtered t M udHe g ‘S‘Fé‘%m?g mafsrial fT}FFede@rfB%tFﬂﬁ/l)WaSﬂT@uglﬂ|11Ft€>rﬂm &rynas
col I eci®d box and 5@k oftmshyldralsgiRbtofiti el wiste bidedBetald@t isAlidpesRl YRt s were

renoved un reS| due S heat ed to 65 C for 24
h at 10- S&ééaﬁga@éz&éhﬁ% %Hg%ﬂ%r}% of fERieabwWaser ed,

cor r espondilisgplvedingRe Scetormifrile hed shlgratslight Uﬁaiieeiflaabhd thadoe lo@@leroai grial was
brought in r dr Ie wer e added
because |t{1{|%sSB§§lgge(X:,tt%% ,ﬁ]‘?é t%g‘fggﬁg%ﬁ}iaée "151‘13‘55?31‘%‘@‘?8 e THF. The
maj ority ofssume thaidessitian %Ofﬂleﬁﬁj&%mhﬁahm@cetmmdh@ and only a
slight14race,90 mﬁféﬁ&mmﬁnb%tmfe\ﬁ?p@n{% the solution. It was not

attenpt ed to separa e this resi It shoul d be safe to assunme that |ess
than 10% of the CF3SO2NHNa hav 5 CF3SO2NNa2 after 4 h

i ][1 E)IjE a][ room Fekmmg&%ﬁprgce(ﬁﬂm&ﬁﬂ&mw&&e thef{ ey tEQr&fh@ proceguretsh
0 anpl e, 0 as har ged w
0.866 g of %‘# @E%Js%gﬁ\f}ih‘ggedw&@?&fs efif‘e ¢Egsoﬁgﬁ§%u°£g"mg’°d Hved in 100
n of anhymetegiel wriEdissilvied inH00dnkefi anhpdrofis THIFNA@Gchydisslled ﬁ‘bm"léd over

ol ecu@r ﬁie?’a‘f%rk@%b%&]’@&lgéfem)fﬂmdé)théa#agoﬂf Woé’?ng%ﬁl ed in the

SRAD. After, the required connections were e ‘accor anpl e 10,
the reacti B‘ﬁc‘?ﬁ ‘?tthﬁép‘ﬁ% After thg gequired sepracippfeveeunadeageonding thaH  was added

to the sol Bkample 18ptheedclivn niiRaed Was stiresd A r@&n@é}ﬁﬁrﬂtﬁ% arﬁ fh@NiH of 113.3
m of coll &Sg gcijdeg)‘c()j RS R ll\?o o5R {)llessr%QétIO%% 1 etgeeob%(e)rrll\f/: il tota] UP der
113.3 ml of collected hydrogen would represent complete conversion under
25  normalized conditions. The gas collected as a function of time is shown in

Table 1.
TABLE 1
Elapsed time Gas Collected estimated %
(after addition of NaH) (ml) conversion
0 h 45 min 4 35
2 h 30 min 10 8.8
5 h 45 min 10 8.8
21 h 45 min 18 15.9
26 h 15 min 25 22.1
32h 45 min 28 24.7
47 h 38 33.6
49h 15 min 43 38.0
13
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25 normal i zed conditions. The gas collected as a function of tinme is shown
in Tabl ggly, :}'ﬁ?LE 1 Elapsed time Gas Collected estinat egchyso@ido®s

addi tion of I‘\‘la m conversion Oh 45 mn 4 3.52 h 30 min 10 8.8 5 h 45
mn 10 8.8 21 h 45 mn 18 15.9 26 h 15 mn 25 22.1 32 h 45 nmin 28 24.7
47 h 38 33.6 49 h 15 min 43 38.0 13 This Sheet Has Been Repl aced
11111112112124212121131131111 WO 01/ 47872 PCT/USQQO 34074 53h30min 47 41.6 84
h 45 min 53 86WABK h 45 min 5% 48.6 @7 h 15 min 65 541% 118 h 78 69.0
122 h 15 m r848r5§57rﬁi112 139 h 45|mn 11059 3 142}h 114 45905 The reaction
was conpl eted—attetr—st+x—tays—at—t+room-tEhrperaturer—Hae rcact:cn fl ask was
brought i ns|i& 4@itdry- box. PSEPVE (2.531 g: 5.63 mmol :48BuPont) |was added
to the col grdg7asss min reaction mixture tlggt contai hed a whiste solid. After 10
mn stirri glrlg; roonT  tEenperatyre,the_reactTonm i xtureturned—gl ear. A
fine preci pitt8tion formed An |NMR sanpPe was co lected®&ter 1]h show ng

t he formatija22efisthe product CF2=CFOCB2CF( CF3) OCF2CF2362N( Na) S(2CF3 and

excess PSE Thi s. Sheet Has Been Repl,aced 14 I[IITIT TIIrrrr111111111
i 111111111?145?**;”- LECETRE AN WO 01/ a“}§72 M-s PCT] HQ(W#’éAﬂ?A Al M5 \hat

is clainedl|ilgZh 114 100.5

The reaction was completed after six days at room temperature. The
reaction flask was brought inside the dry-box.
PSEPVE (2.511 g; 5.63 mmol; DuPont) was added to the colorless
5 reaction mixture that contained a white solid. After 10 min stirring at room
temperature, 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(CF3)OCF;CF,80,;N(Na)SO,CF; and excess PSEPVE.
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1. A process for ’wwamﬂwl ,ﬂmu d greater than 50 nol-% a nononeric
conposition repre mula 5 (C F2=CFO CF2C EXS CPN. S 2Ry M
wher ei WRO0147822 or perf | uor al Ryl *having 1-4 carbons opti &HV?‘W’“@Gbstl tuted
by ether oxygen, Mis an alkali or gliak¢ne earth netal 10 when a is
respectlvel 1 or. 2, Ris aryl, quoro aryl, or XCF2- where X is H,

hal ogen, &p flgiraed 6t non-fl uorinated |inear or cyclic alkyl having 1-10

car bons, Optl omal | A pfoeBsstfof fHirRhgdoat 20A61dPredt8H tRares MRI01- 90X iR ierithe process
corrpnsmgi0 ¥C|IC S IfQF represented by the structure OCF2CFXSQ2
F(CF3) wh EIPRSI op eqfqupteaé)lyf %&‘Bﬁﬁakyl having 1-4 carbons optionally 20
substi fut ed by et her oxygen with a conposition conprising sulfonyl am de
salts of which said salts @f =kﬁ@ﬁ% 7%3%%@ di metal sul fonyl am de
salts represented by the formila >bM¥ 25 wherein Ris aryl,
fluoro-aryl, or XCF2- where X is H, hal ogdn, fluorinated or
non-fluorinated linear or cyclic alkyl radicals having 1-10 carbons,
optionally substituted by one or nore ether oxygens, is an al kal i ne

earth metal, b=1 %hegclng{:ﬁPoéfe’rﬂbeﬁkyﬁllMg ng c@ﬁfoﬁ?n’gﬁoﬁh%m I metal when
bis 1 or 2 respectjvely and , Mi1s al kal i when b=1 and

c=l, with the proﬁ“?ﬂ““‘@ﬁﬁt’egﬁlow Mo analfealichplkalingeargh metal ng- openi ng
reactilon m xture; Widinth it irélge@pRNy ngrzelaestargnﬂmibfﬂ—we o MOH,-aihdréexst 50
nol - % of said cyclhg ul fone has been nvert%g to said ng@paerlc

conposi tion. 35 2 Hrhalog,ugunyed gy non: TOW’?&? fineager evelis ali metal and
c = 0. 15 Thi s Shdmvinigds1Beahorie ppacredly shbstitdted by dhd br mnbireldthdr1 11 11111111
FET122 e et )c\k%énjsll CL Ms WO 01/47872 PCT/ USOQ 34074 3. The

process of Claim1 wWieréin Ris a fluoroal kyl radical having 1-4 carbons
opt i onal | ythe ppsesstoempdising: et her oxygen.

15 a cyclic sulfone represented by the structure

(l)CFZCFXSOZ(IZF(Cﬁ)

wherein X is F or perfluoroalkyl having 1-4 carbons optionally
20 substituted by ether oxygen
with
a composition comprising sulfonyl amide salts of which said salts at
least 50 mol-% are dimetal sulfonyl amide salts represented by the
formula (RSO,NMy); ,M'.

25 wherein 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=1 or 2,c=0or 1, M is
alkaline earth or alkali metal when b is 1 or 2 respectively and

30 ¢=0, and M is alkali metal when b=1 and c=1, with the proviso
that c#1 when b=2.

thereby forming a ring-opening reaction mixture;
said ring-opening reaction mixture until at least 50 mol-% of said
cyclic sulfone has been converted to said monomeric composition.

35 2. The process of Claim 1 wherein M is an alkali metal and ¢ = 0.

15 This Sheet Has Been Replaced

T




4. The process of C amﬂﬂlwﬂmelml:ﬂ‘m trifluoronmethyl. 5. The process of

d I wh roeess of Claiml wherein at |east 90
m)fil- (r)z of ?’%r‘gl gglzt s are sulfonyl amide salts represented Wy ¥¥834%4 nul a
(RSO2NWD) 3- DM ¢ 3. TRepmEQe8perath I REnR WICH &l h&BSnadfhaTok - % of

said cyclic sulfone has been converted to sald nono I'C conp &sition. 8.

The prgcess %rbftasgpﬁ?&aﬂfxﬁubﬁémeé@wmegpmggean inert 1i qU| d mediumin 10

whi ch said ring- owenrmmprbe@%fgmmwwr@lnlﬁxsftﬂﬂﬁ&‘én@n@ reacted. 9. The
process of Claim erein sag d mediumi$ selected fromthe

group consi sting g‘f V@WP%‘?SS ﬁ? hﬁF‘géhfyﬁ sul foxi de, amides, and _

sul fol ands. 10. The Phromesss ofC@zmllnw&m{ﬁ@t tast Fahel- %rf?e‘rséxdkhlﬂsua@ medi um i s
15 tetrahydrgf Cla ri ,conprlsmga

pr ocgss fgr %rfeéégﬁmlhegahsr g%er?rl%%gq Sggrgg“rlﬁ)b{gséﬂ‘gub)éi Ayl am de salts the
process conprising: ”?hﬁ mnCﬂSﬂefClaanriDElpﬂwnat st Sasal- %rufsaﬁlc_gbiiic or al kaline

carth hydri diR0na iuehLORKncAR e londRRATELAhogi oI ani de sal ¢ ther eof
avin e fo

earthgrret al when & = @prmesss ef Glagml; fmh@tcamp@nsm@wnmgemumﬁmdwmre and R

is aryl,10f | ugkieh %lﬁ'ﬁﬂg%’pe&%geac‘ﬂﬁﬁﬁﬁxt@rééféﬁlméaaalnﬁg% 1ed0r @ fluorinated or
non- quorlnated | radi cal aving 1-10 carbons,

optional ly substi u?@lf pd?“ﬁﬁ%%; ié‘i*mlgd’i’l'é?r@ﬂﬁ@ﬂ Imb@hémewnameleatedl east one

aprotic |iquiren thegoapyorfsistii; 8O cthBrspiittles, AméEBAGhIFOdd axlidbs€andand, sai d
anterior re %ifo n mxture to achi eve conversion of at |east 50 nol- % of
said (RSO2N aM>to said (RSO2NWb) 3-bM ¢ of G aim 1. 35 12. The process
of daiml 1 whel®i nhetpeoess of Clairk Dopdiedein oaifinsekiquidartiont isril e. 13. The
process 18f GLaiyPalodirpherein the hydride is an alkali nmetal hydride. 16
Thi s Sheet Has@gen Replaced | I'I111T11T 122111 L0 1 LEnd
1111111111101111}_L1111T11f|gr0qepq ¢f Claim 1 further comprising a process for preparing

said composition comprising sulfonyl amide salts the process comprising:
in an inert atmosphere

at least one alkali or alkaline earth hydride,

20 a sulfonyl amide or monometal sulfony! amide salt thereof having the
formula
(RSO,;NH);_,M"
25 wherein 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, fluoro-aryl, or ZCFy—
where Z 1s H, halogen, or a fluorinated or non-fluorinated linear or
cyclic alkyl radical having 1-10 carbons, optionally substituted by one
or more ether oxygens;

30 and,
at least one aprotic liquid,
thereby forming an anterior reaction mixture; and,
said anterior reaction mixture to achieve conversion of at least 50 mol-
% of said (RSO;NH)3_,M" to said (RSO,NMy)3 ,M', of Claim 1.

35 12. The process of Claim 11 wherein the aprotic liquid comprises

acetonitrile.

13. The process of Claim 11 wherein the hydride is an alkali metal
hydride.

16
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WO 01/ 47872 PCT/ US mm t“ MU process of Claim 13 wherein the hydri de
I's sodium h drlde '

of Cdaim1ll wherein M
The prot¥RAVHBTY aj m 11 vvherel n Ris a perfluoroal kyl radﬂdﬁr’srbﬁlg‘\‘ﬂg g 2- 4
car bons optlonaiaiymelgﬁ&eésyspélaw 1@%&?&@9%%3@,%& id odidhyBRgcess ' of Caim

11 wherein Ris a trifluoronethyl ra I cal he process of Claimll
wherein at | eastd-odhsdroesss et Gl 1 ICMNM?S rqg§mconverted to said

( RSG2NWb) 3- bM c16,f "EHeQirme%s oﬂ@lalrih'he vmdi’ﬂﬁ%ls@fpeﬂl@drﬁh V\;‘:l MERERAAVidd | S an
al kal i ss of Claim11l erein Xis F. 10 21.

The proces? %Far%’%ﬁ ?RtTfaWné?bé Hﬁ? 'E HPY8EW fone is contacted with a
conposi Bi on conlt.i Sihegreceds$ oﬁ@Zlanarhlddwsahﬂ@scartn\ﬂhordmeshiyldachedlt s at least 90

ol -% are sul f@%g&$6§%§§g%{:ﬁlé‘ vﬁ’ﬁ&ﬁ%@le@’t Sf(ﬂfi f ( RSO2NWb) 3-bM ¢

of Jdaim1l. 22. S wher gast 90 nol - % of said

cyclic 15 (RSOLdHD: LM lb@éW%%tﬁéﬁﬂ‘bG‘SQszh yMpeftldim Lonposi tion. 23.

The process of {3 aifRebloddds b€laihATRIKPEAM M arl ARER nletAldhdlcamsli um in which
sai d ring-openin r;lgl'_@ctlon xture is farned and reacted. 24. The process
i

of O aim 23 whe? Jrecesh el tlamddiwhergiiXimE-s sel ected fromthe group

consi stipng of ellherlﬁhe}ﬁbédss bﬁ@lalﬂllmﬁa‘élﬁwﬁé@m@@ulf&m 1@%8nta&8§iv\2@1a
sul f ol anes rocess of. Cl ai 24 wh d mediumis

in sa
t et r ahydr ofCBF%PRS‘I‘?ﬂu MBHDE spenyb amy ﬁ?‘é’BF aﬁgﬁlwmdﬁ*ﬁ &%i-‘i %‘1‘1‘1@111111111
are sulfonyl amide salts represented by the formula (RSO;NMy); M’ of

Claim 1.
22. The process of Claim 11 wherein at least 90 mol-% of said cyclic
15  sulfone has been converted to said monomeric composition.
23. The process of Claim 11 further comprising an inert liquid medium in
which said ring-opening reaction mixture is formed and reacted.
24. The process of Claim 23 wherein said inert liquid medium is selected
from the group consisting of ethers, nitriles, dimethylsulfoxide, amides, and
20  sulfolanes.
25. The process of Claim 24 wherein said inert liquid medium is
tetrahydrofuran.
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