TITLE PARTIALLY FLUORINATED SULFONATED SURFACTANTS BACKGROUND OF THE
INVENTION Historically, many fluoroalkyl surfactants were based on the 5 perfluoroalicylethanols,
F(CF2CF2)W%§%£L the so-called "Telomer B alcohols”, where q Wgéf)ﬁ'g@d;yﬂgﬁgyt 210 10. The
Telomer B alcohols and their preparation are described by Kirchner et al. in US Patent 5,202,506.
Other fluoroalkyl surfactants based on Telomer B alcohols have included "twin-tailed" anionic
surfactants such as 10 F(CF2CF2)q(CH2CH2)00QCHZCH(SO3N()COO(CH2C112)( CF2CF2)qgF,
where q is as defined above pre%ared kﬁ/ firstl two moles of one or more

reactin
perfluoroallcylethanolé)ﬁmmlo ke W Fil 9&8&)ﬁ&|9$gﬁrﬁgmgster product with

sodium hydrogen sulfite solution, as degefibetner dnstaneeniy:NgsaIgo et al. in "Surfactants having
polyfluoroalkyl chains. Il. Syntheses of 15anionic surfactants having two polyfluoroalkyl chains

including a trifluorometfiiisgrinafisa beaghfbeteaikyleiffitots letonbrecispetision ability for dispersed
magnetite payticlgs: i yaialyicivnnal eidivorine Ghamistiu(199%).c406d) 1démip Yoshino et al.
reported exampl%fc\é\%l%?r,ein%%waswzaﬁ a&q 4 Tor use tig I%Jpqﬁ%rigglal c&rgoncgh%ﬁd%. Yoshino et al.
report twin-tailed sur aCS[dI’WS‘ iﬁﬂ/here?mbo' endu roups are imited 10 per toroalk groups. Nagai
et al. in US PaterSipreaigrt0sryeubebby B*é%in%mé&’%ﬁﬁﬁa%%%tréf%%ructure
Rf-(CH2)n1-(X1- fpcteal(BOBMIEKE) EhieRbnilvdraier Rfascdlsdroalkydlgdedtiattaibed tontain an ether
bond, X1 and X2.gtgqha.seneney @iffesent divalent linking groups; M is H, an alkali metal, half an

alkaline earth 25 l, ium: ' yp-nd i int 0.10; and pl and gl
are each 0 élp 1. %%%Cgr%?&qﬁr%{éﬁ%@%@@%ﬁ%@%ﬂ?@@%@?ﬁgﬁﬁg ﬂé su rfacr'zants isq a
multi-step proces¥hisnthiten 4atieid ahayiemscrrstrai BFroStRgRcHRAS Y HAPaP R B8 affr8iensive
intermediate withpknfiitechalialtalvilints Wvith30d esinaditectanpydvideafidosinateillysurdattartts that use Less or
no tetrafluoroethyige:iB:Hagl: prep asation hlids s asirainleisa, Rrowseipeyy R impseved fluorinated
surfactants in Wh.{,chaﬁeﬁij@%f&uQ.rqgu%gc%yﬁ%ﬁg i9rabisdgpiage by pacly Jugpinated terminal
groups that requwg_les_s etraff”uoroet_yenc and show increased fluorine efficie cy.E uorine
efficiency” id edRiIRE %fﬁf;}%}w@gé‘miﬁ%&%ﬁ%ﬁh@*@ﬁ%%%%m%%%% desired
surface effect or guriactanthrepenicbeinfiencappliedtdigubatratdsliorit distainddetter performance
usin% thle Salmffé |%Y%@é&{it%%§>i§?&eﬁ@w?ﬂae! myxiiagdtﬂigfmifw i@ﬁeﬂﬁ;&%r@%gn@@?wre SamTehor

reater level of syrfa ect usjng a n rine rative polymer. The
[g)resent invention“dgioc\ﬁa%héns?uegﬁifn%?g%\ée% L?c%%%%e‘:v g%:l?% f‘gﬁgt?%%éﬁﬂmféf%@ﬁHé INVENTION In
one aspect, therS 1B PrEtR44LeBAISIATd COMLRSIFGESRRRAL A t3led surfactants

20 wherein both end groups are limited to perfluoroalkyl groups.

Nagai et al. in US Patent Application 2008/0093582, describe twin-tailed
surfactants of the structure Re-(CHp ) 1 -(X1)p1-CH(SO3M)(X?)q1-Rp, wherein
Rfis a fluoroalkyl group that may contain an ether bond, X1 and X2 are the same
or different divalent linking groups; M is H, an alkali metal, half an alkaline earth
25 metal, or ammonium; Ry, is an alkyl group; nl is an integer of 1 to 10; and pl and
ql are each 0 or 1.

One common route to perfluoroalkylethanols used to make such
surfactants is a multi-step process using tetrafluoroethylene. Tetrafluoroethylene
is a hazardous and expensive intermediate with limited availability. It is

30 desirable to provide fluorinated surfactants that use less or no tetrafluoroethylene
in their preparation. It is also desirable to provide new and improved fluorinated
surfactants in which the perfluoroalkyl group of the prior art is replaced by
partially fluorinated terminal groups that require less tetrafluoroethylene and show
increased fluorine efficiency. By “fluorine efficiency™ is meant the ability to use

35 a minimum amount of fluorochemical to obtain a desired surface effect or
surfactant propertics, when applied to substrates, or to obtain better performance

1



or 1C (Ra-0-00-)2XFormula IA Ra-O-CO-X-00-0-(CH2CH2)Rf Foimula 1B Ra-O-CO-X-00-0-RFormula
1C wherein Ra is the group ( JRACH2CF2)d-(CgH2g)-; RfFOCF2CF2-(CgH2g)-; (iii) Rf
OCHICF70(CH2CH20)v-(CgH20-; (iv) RFOCHICF20(CwH2w)-; (V)ROCF(CF3)CONH-(CgH2g)-; or (vi)
RACH2)h[(CF2CF2)i(CH2CH2)j]k_ each Rf is independently CeF(2c(-1)1 cis2to 6;dislIto 3;gis 1to
4; v is 1 to 4; w isifignh Sstentdphelsn i flo®ie], anddamerdmctngntagheficently dfi2icpcg, or a mixture

thereof; provideglthat theytotal number A1,0RM0 Al It GRURLMY iS50 SlouRgoX is a linear or
branched difunctional alkyl sulfonategroup -CeH(2 4 (SO3M)-, wherein e is Lﬁ??%%& Mis a
alk

monovalent catioR*SEIB St HrerH e V&Hﬁ’lé%%ﬁstl Bed?rﬁ lélé’ﬁnté?r‘?r%%v ali metal; R is
H or a linear or bramehetifhlayhgralipEi@s3+0-; and b is from Ito about 18. In another aspect,
there is provided a method of alterln%tke surface behawor of a I%U|d comprising adding to the liquid a

compound of Formula 1A, 1B or 1C &5 \é%?.*&%%u&% AL MNIS) Lhereof DETAILED
DESCRIPTION Here'@ntr(ﬁl% &?tﬁé?e%p MIIEBHQP&; d comprising Formula 1A, 1B,
p g
' or 1C
(Ra-0-CO-)oX Formula 1A

R4-0-CO-X-CO-O-(CH7CHy)Rf  Formula 1B
R,-O-CO-X-CO-O-R Formula 1C
wherein
R, 1s the group
() R{CHCFp)g-(CgHog);
(i)  RfOCFCFa-(CgHpg)-;
Gii) R OCFHCF20(CHpCH20)~(CoH2g)-;
(iv)  RfOCFHCF2O(CyHow)-s
(v)  RfOCF(CF3)CONH-(CgHpg)-; or
(vi)  RACH)LI(CF2CF2)i(CHCH2 ) Ik-
each Ry is independently CoF(2c+1);
cis2to6;disito3;gisltod;vislto4;

wisfrom3toI2;hislto 6,14, ], and k are each indepeﬁdentiy 1,2,0r3,0ra
mixture thereof; provided that the total number of carbon atoms in group (vi) is
from 8 to 22;

X is a linear or branched difunctional alkyl sulfonate group
-CeH(2e-1)(SO3M)-,
wherein e 1s 2 or 3;

M is a monovalent cation selected from the group consisting of hydrogen,

ammonium, and alkali metal;
R is H or a linear or branched alkyl group CpH(2b+1)~; and

b is from 1 to about 18.



The surfactants of the present invention have the structure of Formulae IA, 1B, or IC.
(Ra-0-00-)7XFormula IA Ra-O-CO-X-00-0-(CH2CH2)Rf Formula 1B Ra-O-CO-X-00-0-RFormula IC
wherein R is H or a linear or branched alkyl group CbH(2b+1)- wherein b is from 1 to about 18,
preferably from about 6 to about 18; each Rf is independently CcF(2c,L1) having c of from about 2
to about 6, preferably flommatherhspad, thore Rrefevatily 4 métisod bfieReonbranches:difunctional alkyl
sulfonate grOUDb%%%)@Q&M ,c\%ns@l Ifd&d‘ﬁ?é‘k?tﬂé Bg P {&aeéeﬁgo%na%c} %}ﬁ@gﬂpﬂova'e”t cation

which is hydrog li metal; or alkaline ear metal, and is preferably Na; Rais

selected from th g%l],]g] r‘%ﬁﬂ?ﬁ‘%ﬁ‘ﬂ’ﬁcﬁﬂ% T HFSUGREH wherein Rf is as defined above, and g is
Ito about 4, preferably from 1 to 3, and rﬁ%r?ﬂfﬁqﬁqg@s%ﬁﬁﬁ%ZCFZ)d (CgH2g)- wherein d is 1 to
about 3, preferably from 1 to 2, and more préterably 1; (if) RIOCF2CF2-(CgH2g)-; (iii) Rf
OCFHCF20(C142CH20prcie gH2grarkbareishwis litoupbetékepreferably from | to 2, and more
preferably 2; (iv) RFOCFHCF20(CwH2w)- wherein w is from about 3 to about 12, preferably from 4 to
6, and more preferablylZeRiGats(CRBICTRHEL (@erapigh heve theRADH 2MH(@GERBE2)i(CH2CH2)*
wherein h is | tolgQa®,&rareferably from 1 to 3, and more preferably 1; and i, j, and k are each
independently 1, 2, or 3, or a mixture thereof, preferably 1 or 2, and more preferably 1; provided that
the total number of carbon at&hs@ﬂ@jﬂamﬂvi) is from Sabout 8 fvabelatl22. The preferred Ra groups

are (i), (i), (i), and (iv). % ulalA, I B and 1C are those wherein Ra is
group (i) RACH2CF2)d- (CgH 561@)%?0 %gﬁ (i BPEER CF2-
0(CH2CH20)v-(CgH2g)-; or (iy) RfCGCH2(@WH2w)-; when g is 3 or4; and X is CH2CH(S03M),
CH2CH(CH2S03M), CH(CHB)éH(SOSM) CH2CH- 10 (SO03M)CH2, or CH2CH(S03M)CH2CH2. More
specifically preferest@mbodiments of Formula 1A, IB and 1C are whendis 1, gis 1 or 2, and Rf is
C3F7 or C4F9. Also specifically preferred are compounds wherein Rf is C3F7 or C4F9 and Xis
C3H5(S03Na) or CH2B i Hosr e eormpbrrhallorrspmulepiRavhereirhRegiisb is from 1
CAF9CH2CF2Cid 26442 1, priffet et Ed Gt Bl oamd Rl & 15(CF2)6F is also preferred. A preferred
embodiment of Formula 1A (Ra0C0-X-COORa) is

each Ry is independently CcF(2¢+1) having ¢ of from about 2 to about 6,

preferably from 2 to 4, and more preferably 4;

X 1s a linear or branched difunctional alkyl sulfonate group
-Cel(2¢-1)(8O3M)-,

wherein e is from 2 or 3, preferably 3; and M is a monovalent cation which is

hydrogen, ammonium, alkali metal, or alkaline earth metal, and is preferably Na;

R 1s selected from the group consisting of structure (i) through (vi)
wherein Ryis as defined above, and g is 1 to about 4, preferably from 1 to 3, and
more preferably 2:

(i) RACHCE2)g-(CoHpg)- wherein d is 1 to about 3, preferably from 1
to 2, and more preferably 1;

Gi)  ROCF2CF-(CoHpg)-;

Gii) Rf OCFHCFO(CHCHO)y-(CgHog)- wherein v is 1 to about 4,
preferably from 1 to 2, and more preferably 2;

(iv)  RfOCFHCFyO(CyHoy,)- wherein w is from about 3 to about 12,
preferably from 4 to 6, and more preferably 4;

(v)  R{OCP(CF3)CONH-(CgHpg)-; or



C4F9CH2CF2CH2CH20C(0)C3H5(SO3Na)C(0)0CH2CH2CF2CH2C4F9. A preferred embodiment of
Formula 1B is CAFOCH2CF2CH2CH20C(0)CH2CH(SO3Na)C(0)0CH2CH2(CF2)6F. A preferred
embodlmenwgf gLl C is 20 C4F9CH2CF2CH7CH20C(0)CH2CH(SQ?{I}{MQ},%BI7|2)6H The
surfactants of Formulae IA, 1B, and 1C economize on the use of tetrafluoroethylene in their
preparation and provide comparable or improved properties, versus prior art surfactants derived from

Telomer B alcohols.(The sBefédtam OF Forpnifae18ti1 Blkawbictdndres riyshed %ia the 25 unsaturated

:_rll'([grrg)eglaéescof 75@;@9@3 ?_B, ﬁ@@@@@@gg@@g}ﬂt@g&glIpwgaggl)gﬁaﬁugn Scheme A: anhydride
e --Ce Formula 2C*lc
Ce--COO-Ra RaO! eég Glhg ?ngl Hgg%flﬁn% re@gﬂ@??&ﬁ%ﬁ%&éw ---000-Ra

SO3M"(2e-1) M@%@e@ 131 provided that the total number of carbon atoms 1n group (Vi) 1s from
5 about 1o about 22. The preferred Ry groups are (i), (i), (1i1), and (1v).

Preferred embodiments of Formula 1A, 1B and 1C are those wherein Ra is
group (1) R(CHyCF2)q~(CoHag)-, (i) ROCF2CF-(CgHpg)-; (iil) Rf OCFHCF)-
O(CH2CH20)y-(CgHag)-; or (iv) RFOCFHCF 20(CyHoyy)-; when ¢ is 3 or 4; and
X is CHpCH(SO3M), CHoCH(CH»S0O3M), CH(CH3)CH(SO3M), CHCH-

10 (SO3M)CHa, or CH2CH(SO3M)CHpCHpy. More specifically preferred
embodiments of Formula 1A, 1B and 1C are when d is {, gis 1 or 2, and Rgis C3F7
or C4Fg. Also specifically preferred are compounds wherein Reis CaFy or Cqkg
and X is C3H5(SO3Na) or CHyCH(SO3Na). The compound of Formula 1B
wherein Ry 18 C4FgCHyCF2CHACHy or C3F7CHyCFpCH2CH7 and Ry is

15 (CFp)gF is also preferred.

A preferred embodiment of Formula 1A (RyOCO-X-COOR,) is

C4FgCHCFoCHCH0C(O)C3H5(SO3Na)C(OYOCH,CHCFaCH2C4Fg. A

preferred embodiment of Formula 1B is C4FgCH>CFpCHoCH2OC(O)CHCH-

(SO3Na)C(0YOCH2CHL(CF2)gF. A preferred embodiment of Formula 1C is
20 C4FgCH»CF9CHoCHyOC(O)YCH CH(SO3NayC(O)O(CH2)gH.

The surfactants of Formulae 1A, 1B, and 1C economize on the use of
tetrafluoroethylene in their preparation and provide comparable or improved
properties, versus prior art surfactants derived from Telomer B alcohols.

The surfactants of Formulae 1A, 1B, and 1C are prepared via the
25  unsaturated intermediates of Formulae 2A, 2B, and 2C according to the following
Reaction Scheme A



Formula 1A Rf-00C--ce"--000-R. H(2el) Formula 1B Scheme A Formula 1C The unsaturated
intermediates used in the preparation of Formula 1A, | B and 1C are compounds of Foimula 2A, 2B
and 2C: 5(%%&%@%&Ra-O-CO-Y-OO-O-(CH2CH2)Rf Ra-O-CO-Y-00-Q;, mgﬁ)r@i/gége@;s the group
10 ()RACH2CF2)d-(CgH29)-; (ilRfOCF2CF2-(CgH2g)-;  Rf OCHICF20(CH2CH2)V-(Cg1120-+ (iv)
RfOCFHCF20(CwH2w)-; (V)RFOCF(CF3)CONH-(CgH2g)-; or (vi) Rf(CH2)11[(CF2CF2)i(CH2CH2)jik-
each Rf is independently CcFpc+0; c is 2 to about 6, preferably from 2 to 4, more preferably 4;

anhydride di-acid
Hze-2) H2e-2)
0=c—Ce~<C=0 Hooc—Ce—~COO0-H
O \ acid-ester /
He-2)

HOOC— Ce~—~COO-R,

Hipey <« 4{ T 2(2@2)
R,-00C—Ce—~COO-R, ROOC—Ce~—~COO0-R,
a8

Formula 2A H2e-2) Formula 2C
R-00C—“e~COO-R,
l Formula 2B
C
C ROOC—“e—~COO0-R
RE-OOC/H(e;)(:OO~Ra /SO3M H(2@—1) a
Formula 1A Rf-OOC/SemCOQHRa qumu!a 1C
(2e-1)
Formuia 1B
Scheme A

The unsaturated intermediates used in the preparation of Formula 1A, 1B

and 1C are compounds of Formula 2A, 2B and 2C:

5 (Ry-0-CO-)»Y Formula 2A
Ry-0-CO-Y-CO-O-(CH7CHp)R¢s  Formula 2B
Ry-0-CO-Y-CO-0O-R Formula 2C

wherein
R, is the group
10 @)  RACHCF2)a-(CgHag)-;
(i)  ReOCF2CF2-(CgHag)-;
(iii) R OCFHCF2O(CHaCH20)y-(CgHog)-;
(iv)  RfOCFHCFyO(CyHop)-:
v)  RfOCF(CF3)CONH-(CgHag)-; or



d is 1 to about 3, preferably from 1 to 2, more preferably 1; 5g is | to 4, preferably from | to 3, more
preferably 2; v is 1 to about 4, preferably from 2 to 3, more preferably 2; w is from about 3 to about 12,

preferably fram 4 i9.6,d350re preferably 4; his | to about 6, preferably fropdig3.sppigspreferably 2;
J, and k are each independently 1, 2, or 3, or a mixture thereof, 10preferably 1 or 2, more preferably 1;

provided that the total number of carbon atoms in group (vi) is from about 8 to about 22; Yisa
linear or branche@idliradiedl Hipwitg R efnie(GhsAtbictien of the formula 15-CeH(2e-2)- wherein e is 2 or
3, preferably 2; Ris H or e}lline,ar_ of bra Ch?dt(f% | group CbH(2b+0-; and b is from 1 to about 18,
preferably from 6 to 18°%¢ ?ﬁé%ﬁ#&&&%(&éﬁ {%ﬁﬂg’l A are prepared by reacting two moles of

fluoroalcohoLs of formylasRa;QbburkersitRaismafinad asahe wewtbang mole 20 of an unsaturated
linear or branched dibasic acid of the structure CeH(2e_ 2)(COOH)2 or its-anhydride of Foimula D

CeH(2e-2) \ 0=C C=0Fblinuta #»@8\3, prefhadinfwis D tr 3 tootsrprefieabiiisaturated diester of Foilula
2A as an inteimediate. Methods for carboxylic acid ¢sterification are.conventional as discussed by Jain
LRSS fom 2B A

and Masse in "Carboxyﬁ&sa{cfa die thesis room%g?%gggyl acids and derivatives" in Science of

Synthesis (2006), 20b, ¢ L1 733nAR @%@@M%QQB)@@BWBQ preferred when reacting the

free acid groups with
w is from about 3 to about 12, preferably from 4 to 6, more preferably 4;

his 1 to about 6, preferably from 1 to 3, more preferably 2,

i, 1, and k are each independently 1, 2, or 3, or a mixture thereof,
10 preferably 1 or 2, more preferably 1,

provided that the total number of carbon atoms in group (vi) is from about
8 to about 22,

Y is a linear or branched diradical having olefinic unsaturation of the
formula
15 : ‘CéH(ZeQ)‘
wherein e 18 .2 or 3, preferably 2; RisHora finear or branched alkyl group CbH(ZbH)'? and
b is from 1 to about 18, preferably from 6 to 138.

The surfactants of Formula A are prepared by reacting two moles of
fluoroalcohols of formula R4-OH wherein R, is defined as above with one mole
20 of an unsatyrated linear or branched dibasic acid of the structure CeH2e-
2)(COOH); or its anhydride of Formula D

CeH(2¢-2)
I
0=C C=0 ' Formula D
25 Vo
O

wherein e is 2 or 3 to form the unsaturated diester of Formula 2A as an
intermediate. Methods for carboxylic acid esterification are conventional as
discussed by Jain and Masse in “Carboxylic acid esters: synthesis from carboxylic
30 acids and derivatives™ in Science of Synthesis (2006), 20b, 711-723. An acid
catalyst or dehydrating agent is preferred when reacting the free acid groups with



alcohols. An example of an acid catalyst is p-toluenesulfonic acid in toluene, and an example of a
dehydrating agent is dicyclohexylcarbodiimide in methylene chloride. Preferred unsaturated dibasic

acids and cw&gg%%%anhydrides are maleic, itaconic (methylenesuccire'(h@ggag9 ﬁ;{g%onic
(methylmaleic acid), trans- 5 glutaconic (HOOCCH2CH=CHCOOH), and trans-heta-hydromuconic

(HOOCCH2CH=CHCH2COOH) acids and anhydrides. The unsaturated diester of Formula 2A is then
reacted with aquebusdadimeiwaptgeisalfitectoatgsmsthrécdutfenidfacid aSdliondtion:tectiniques are

described by Robgrts ifyBfanalion-iashRolecy e dnionic Susiasiani Manulagture”, Organic

?g] Eggajﬁ?r%%’dzdi%egsﬁc- %(c) 5 angbp%gse k@%ﬁgiagh\?‘clfr%jgeusnpatem
a n

Process Reseach}%nl eD }/&Jé)rp K US
4,545,939. Alternatively, the olefinic precursors describe ove can be-conver €d 10 the sulfonates of

Formulae 1A, 1BMaffC1 EaespihamstaitioRear saifatdd st taniid nersledsiidorhe #ae sulfonic acid
can be used as thyguswurfactédD T ¢k S fenitCaditHoam b e eenvertdd doothecamenonium salt, the alkali
metal salt, or an gikelite E5eartmern calornsbriclaiahlyigiths seriumsall.iThasgskilled in the art
will recognize othessylfnasen.mieihods suchas, ase dgserined bicRaherts aqd. peldouchi (above)
are applicable an are_mc?u‘decf in the present invention. AdditioR of the sulfonate group across the

double bond of F&tHARIS@%R, TBfogatonG oIS Hrestiihed RrRoPEEHIm URIIORISB, and 2C results
in the 20formatioil shstévep imohmersiafdfeciovidsdmefs:tiet theguipBses sfkheprbdsint invention, all
the isomers jare eguivRigntandgsll aredncipded inihe.Ariioiionaiofiogirdtas 454283and 2C.  The
surfactants of Founblag B0l 16 Afc Rreaniel BreRcing ne male ofahgraajoohol of formula
Ra-OH with one mole o?anyﬂnsa?urated inear or rancheg cﬁbasic acl an‘};}%’/cﬂi e of the structure of

Formula D at a loWEPtairirEerre @retietR 4885 sstdyiiterod SR dEESHiSHBA continued at a
higher temperatudeyetiwedn Hioitd 0fodi2@C) withba wecdeofte fludroalgobothpsefarably of formula
R1CH2CH2-0H, teiprasusechoridie:e Biehddhaie0f-alcabakiof fersmis.R-61E Wiareduce Foimula 2C.
Any of a varjety of 30cQ ional fluarinate ohols are suitable for. use. at.this poiat of the process.
This is foIIov%'/ged b%/a%%rﬂl%g%tﬁ?t%nt er%@g%?gzlﬁ%g%igﬁ%%d?%%% gj?rcgg]ir}% ?ﬁg B?gparation of

surfactants of FofRTaR4 B guEorpHgtpeind criies MRsadasche oy febfrsi@éerification is a
faster reaction th&nkilyecseGintlce sterfiphtion ofith erintermbdiatalraidcestemvistindicated above, in the

second 35 esterification acjd. catalysts qr. dehydrating agents are used. Use.of the dibasic acid thus
tends to give mixtures ﬁ@gﬁﬂ&%ﬁlﬁﬁéﬁiﬁ%ﬁ?&%ﬁﬂggsé??@% %?88@2%% _geeg%erifications can
be reversed.  Bhaddfdetmats diruifiglania ddrramepe préfard gsimpliomdyditions of the same
alcohol and 1he tiartatperbittiesiasedy e desdobeshdeas. Frivnikapubiband s fedamwed by conversion

to the sulfonates. fHaNeVeL IS MgSIER-PEAGRANE & 0ok RIRIBLGH. PM MY iREgtiSHE fdetants of
compositions of Iﬁ@r{gg .geeszAZﬂ%Bé na(ﬁjclc can

The surfactants of Formulae 1B and 1C are prepared by reacting one mole

of a fluoroalcoho!l of formula R,;-OH with one mole of an unsaturated linear or

25  branched dibasic acid anhvdride of the structure of Formula D at a lower
temperature (between about 50 - 85°C). The esterification is then continued at a
higher temperature (between about 100 - 120°C) with a mole of a fluoroalcohol,
preferably of formula RfCH>CH»-OH, to produce Formula 2B, or a mole of
alcohol of formula R-OH, to produce Formula 2C. Any of a variety of

30 conventional fluorinated alcohols are suitable for use at this point of the process.
This is followed by conversion to the sulfonates. The anhydride is preferred in
the preparation of surfactants of Formulae 1B and 1C. The opening of the
anhydride ring by the first esterification is a faster reaction than the second
esterification of the intermediate acid ester, As indicated above, in the second

35  esterification acid catalysts or dehydrating agents are used. Use of the dibasic
acid thus tends to give mixtures of products. The sequence of use of the two
alcohols in the esterifications can be reversed.



be prepared by using two moles of a mixture of two 6r more of Ra-QH, RFCH2CH2-0H, and R-OH
alcohols. The two moles of a mixture of two or more alcohols are reacted with one mole of an
unsaturated‘;‘;@,eﬂ‘l@ Branched dibasic acid of the structure Cefl(2e_. 2)(CRQRIS QL issanhydride
(Foimula D) as 10 described above for the preparation of surfactants of Formula 1A, followed by
conversion to the sulfonates. Such surfactant mixtures can be used as is or separated into the
component fractions. STtk sefataticns Bremdi prefereldo be pipaledissountaimidgitheRd group (i) of
?;(R%%CHFZZ‘C)ES H!C?&EBEHH%M 'aEhmﬁdE%Qﬁﬁﬁfé%lu@%m&lﬁ%@ﬁﬁ%@f@fg%hﬂlﬂ?f?ﬁ of foLmula (\é)
q erein Rfis a r or prang erfluoroalkyl group having
to 6 carbon atomé Aa_lr%sui)s‘gﬁ%ltlé qoanrY rrsgfleg\;ac ll(?]e}%ggdg y"?’r??é%@?é 0 itgg 3. These telomer
alcohols are availiBfEPyedyAtieErirding to Scheme 1 wherein Rf, g 20 and r are as defined for

Formula (V). Ri-1 CHZﬁé@ég%ﬁf&lﬂl&'ﬁ@onﬁ}d&%ﬁy&B&A&ﬁi@%@%%@%@ﬁwRf

(CH2CF2)q(CH2CHOTrr (V)H20(VI1) Sche he telomeyization of wgi%jeﬁ oride with linear or
€

branched perfluoPSEIEGAAS |B%§ %&X‘i&é’é ‘E?rﬂ BUHER ST E i dRarE ql, 25 wherein, q is
1 or more and RfG#Ha@ R 101G epbRittbiedrye Grolie Por Belmple, BeauBataGte cerWie'Synthesis of
fluorinated telomersBartd, taiemeitiainmelystdidenatitosdensitvperitoreiaditydsiedides”, J.

Fluorine Chem. ( Ay y fractional
distillation. Thetg[%rgns%)ﬁ}7 %ggt%}?et %gg ?ﬁ%@%{%?ﬂl@fn%ﬁe@guréﬁiiﬂ %a%?t%e% US Patent

3,979,469 td'‘bro 8‘?%]?8 &6ite éfh%ﬁ%fﬁw&&% ?swﬂ 33 or more. The
telomer ethylene jotigesop/pahSattmes) SrelbstrdattaiiibtslenparabulyépelifzEd to provide the
corresponding telemeitaticabotbe(d6pihSehe mecipaccoicingierpioccduras gistiased in WO 95/11877.
Alternatively, the telomer ethylene iodides (VI of Scheme 1) can be treated with N-methyl formamide

followed by ethyl alcohoftsiPHyergRjaiag the R group (1) of R{CH2CF2)d-CHy CHy- useful in
the invention include the fluonnated telomer alcohols of formula (V):

15 Rp-(CHpCF ) CH2CHY )p-OH
(V)

wherein Ryis a linear or branched perfluoroalkyl group having 2 to 6 carbon

atoms, and subscripts q and r are each independently integers of 1 to 3. These

telomer alcohols are available by synthesis according to Scheme 1 wherein Ry, q
20 and r are as defined for Formula (V).

CH,=CF,
Rpl —— Ry(CH2CFo)ql
¢ CH2=CH2
oleum
Ri(CHaCF)o(CHCHL) OH  ~——— R (CH,CF)(CH2CHy)l
(V) H,0 (VI
Scheme 1

The telomerization of vinylidene fluoride with linear or branched

perfluoroalkyl iodides produces compounds of the structure Re (CHQCFz)qI,

25 wherein, q is 1 or more and Ryis a Cy to Cg perfluoroalkyl group. For example,
sce Balague, et al, “Synthesis of fluorinated telomers, Part 1, Telomerization of
vinylidene fluoride with perfluoroalkyl iodides”, J. Fluorine Chem. (1995},



The Ra group of Formula (ii), RFOCF2CF2(CgH2g)-, is obtained by to preparing fluoroalcohols of the
formula RFOCF9CE2-CF12CH20H which are available by the following series of reactions wherein Rf

is a linear oRhranehef&R to C6 perfluoroalkyl optionally interrupted by ope;tedhsgaaxygen atoms and
g is an integer of 1 to 3: ICl / HF RrO-CF=CF2 (IV) RrO-CF2CF2-1 (V) BF3 C H2=-C H2 oleum

Rf-O-CF2CF2-(OH2CH2)g-OHRf-O-CF2CF2-(CH2CH2)g-1 (VIl)water(VIl) Scheme 2 15The
perfluoroalkyl eth&iodide<28f dinsteqifiotBokendidyaiovec i b frastiersy distiliosedure described
in US Patent 5,48% 028 herif decarperatar-iyhreieenesy iprbocampial&cvbighiscloses the

D o oes e USRIV R 6 LSRG TAT AT P pifer. The

perfluoalkyl ether 10 ) Is reacted with an e@ess of hélc%ne at an'elevated

0

20temperature aRdPrasSite. hicRE adBriIPBIEHIS ©dfid58 CHPbaCoEmhEHASIly, the use of a
suitable catalyst iscpreferidc frefardblydthzataysoigds ferosicssadinstasomiradcobeizoyl peroxide,
isobutyryl peroxiqde, srogieny PekRYide it peatyiperaxidRsMarewEierabty the peroxide catalyst is

benzoyl peroxide, T ” (e of o i t in.the 25range of
110C to 130C is Ar% era:ggg.gﬁégéﬁé%(%%% %ﬁﬁéa%%gfg W%@%;%%%ﬁ%ﬁ%r@ é?nditions, but 24

hours is usually %’%ﬁé@ﬁ@%\@dﬁ?@?@ﬂ&ﬁi@&%ﬂlﬁw YSEparates unreacted starting
material from the final pﬁgqgt%d@%%g%i&&rﬁ@@q&%@f@g Y ¥iiHSiR1 18,80% of theory have
been abtaingg using abou 25 ol o SRS R Rle PL OB AR Bl i ar

available by the following series of reactions wherein Ry is a linear or branched

C7 to Cg perfluoroalky! optionally interrupted by one to three oxygen atoms and q

is.an integer of 1 to 3:

IC1/HF
R-O-CF=CF, ————» RrO-CF,CF-I
(V) BF, V)
CH2=CH2
oleum
R-O-CF,CF3-(CH,CHy)-OH << Ry-O-CF3CF p-(CHyCHy )l
VIl water (V1)
Scheme 2
15 The perfluoroalkyl ether iodides of formula (V of Scheme 2) above can be

made by the procedure described in US Patent 5,481,028, herein incorporated by
reference, in Example 8, which discloses the preparation of compounds of
formula (V of Scheme 2) from perfluoro-n-propyl vinyl ether. The perfluoalkyl
ether iodide (V of Scheme 2) is reacted with an excess of ethylene at an elevated
20 temperature and pressure. While the addition of ethylene can be carried out
thermally, the use of a suitable catalyst is preferred. Preferably the catalystis a
peroxide catalyst such as benzoyl peroxide, isobutyryl peroxide, propionyl
peroxide, or acetyl peroxide. More preferably the peroxide catalyst is benzoyl
peroxide. The temperature of the reaction is not limited, but a temperature in the
25 range of 110°C to 130°C is preferred. The reaction time can vary with the
catalyst and reaction conditions, but 24 hours is usually adequate. The product 1s
purified by any means that separates unreacted starting material from the final
product, but distillation is preferred. Satisfactory yields up to 80% of theory have
been obtained using about 2.7 mols of ethylene per mole of perfluoalkyl ether



iodide, a temperature of 110C and autogenous pressure, a reactione of 24 hours, and purifying the
product by distillation. The perfluoroalkylether ethylene iodides (VI of Scheme 2) are treated with

oleum and kwgr%yg &&gprowde the corresponding alcohols (VII of Schegpg, 4 Rasaading to
procedures disclosed in WO 95/11877 (EIf Atochem S.A.). Alternatively, the perfluoroalkylether ethyl

iodides can be treated with N-methyl formamide followed by ethyl alcohol/acid hydrolysis. A
temperature of absliid 30cort60TCd9péfistredd ThioRaoysqupseiormatdi¢iiijioRf of 24

OCFHCF20(CH2{e2 0vd(b:atd R 1HS foptePsyekhsgacting a fluorinated vinyl ether with a
polyethylene glycol. Typically the vinyl ether is slowly added to the glycol in a molar ratio of from about

1:1 to about 3:1, preferdibigner Ao Ryictitretodeno oisdeo nill ofebrheise prestagiebi8bdium hydride,
which is a catalysf¢hatdsdiasieoBred ghyio genarateeapiitivppstunty nidhecadkwxide anion from the
alycol. Other.sutatie, s asalalystainabide paRaSSMIRYAe, sty e ithium amide,
potassium tell- butoxide, and potassjum hydroxide. Tu ctlon %condu techundera inert
atmosphere suc @Iﬁﬁ%@]evn 58° @ﬂﬂ%ﬂﬁé‘é@&%ﬂ?@ ind eﬂﬁ‘?ﬂa Mﬁ‘?;% & %@f ylacetamide,
acetonitrile, tetrafiyehetusariobededibxatie! Profiryedidsiiim il ofntemmdetiCodiithyis employed to

maintain the reactiim t@mﬂmecaiupeeadl%&from about OC to about 30C. The reaction is usually conducted
for Ito about 18 hours. The solvent is then removed using conventional techniques; such as

evaporation in vacuum dRcReofByetiisrast (B R £ ﬁﬁﬁé@@@ﬁ%@gﬁ\l@? ingoluble and the
solvent is wager qanrleqiated aglditoningffiieoribdiarevioydrtbxcesh efwiteh folteweddy separation of the

Iayersl- t2_5Th$hre 2aTela aferﬂu@ﬁ%;aqmlsymg;ea&kf%d%thi@gu@l&m&em&%ﬁ@we%fmt always g0 to
completon e ave con e Yy ene Cco X oups can pe
akfmggspec%oscg) Sral P ? ab(iut 801 eltpg reac 1%6}/ r)@h 3’/ 1g

determined by 'H ures of unrcac ene g ycol the product

0 |ca mix
of fluorinated vinyF&iHEr Q8 ey %ﬁ’é gﬁd" BrpahetminbrEtBN tobtrs ‘é%b‘l% 230 #iGcture B below),
and the product efftildrinatedwwimy efhier aiédinde tabotfrendsaofltel pdiiethylead ghasel (for example,

structure A below),gankeneRiainged:Jibs: is/ative %ﬁﬁy@m&éhﬁmmm@@tﬁo@ism&m%we are
affected by the rabtlt% of he reactants the eacﬁﬁlonﬁ1 nd|t|9ns an (f 8petwhlch lpe product is
mes

isolated. High ratios of tHe vmp(i gfﬁemthy co ong reactio 0 favor 35Structure A,
shown below. LoWBIorahes &Qhﬁﬁl“é‘ﬂ‘?é?%@y&‘llt&f%@ PRt mmelude dimethyl formamide,

dimethylacetamide, acetonitrile, tetrahydrofuran, and dioxane. Preferred is
dimethylformamide. Cooling is employed to maintain the reaction temperature at
20 from about 0°C to about 30°C. The reaction is usually conduacted for 1 to about 18
hours. The solvent 1s then removed using conventional techniques; such as
evaporation i1 vacuum on a rotary evaporator, or in cases where the product 1s
water insoluble and the solvent 18 water soluble, addition of the mixture to an

excess of water followed by separation of the layers.

25 The reaction of perfluoropropy! vinyl ether with polyethylene glycol does
not always go to completion. The average degree of conversion of the
polyethylene glycol hydroxyl groups can be determined by TH NMR
spectroscopy. Typically mixtures of unreacted polyethyiene glycol, the product of
fluorinated vinyl ether adding to one end of polyethylene glycol (for example,

30 structure B below), and the product of fluorinated vinyl ether adding to both ends
of the polyethylene glycol (for example, structure A below) can be obtained. The
relative amounts of the components of the mixture are affected by the ratio of the
reactants, the reaction conditions, and the way in which the product is isolated.
High ratios of the vinyl ether to glycol and long reaction times tend to favor

35  Structure A, shown below. Lower ratios of vinyl ether to glycol and shorter
reaction times give increased amounts of Structure B, shown below, and
unreacted polyethylene glycol. It is sometimes possible to use the differences in
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reaction times give increased amounts of Structure B, shown below, and unreacted polyethylene
glycol. It is sometimes possible to use the differences in solubility between Structures A, B, and the
starting glyceldedo@elestive solvent extraction of mixtures to obtain sanpples:¢babaugiighly enriched
in Structures A or B. The alcohol of Structure B is the required composition for group Ra (lii).
RfOCFHCF70-(CH2CH20)x-CF2CHFORf(Structure A) RFOCFHCF20-(CH2CH20)xH(Structure B)
Polyethylene glyéBleb&ifxdis s6h e thiBafe BofrhBre iR assissbiaepraighvs-mitieeh, Milwaukee,
WI. The fluorinatestmirtidratheritised in dheiabeve!meactiondhigddehicvat in S meathads. These

methods include (;pgkiqgglgggmmﬁmggng&yrgﬁgﬁg@g%&lﬂﬁgﬁy{gg%& )ﬁy@gﬁi‘de in a stationary

bed of a 10 metal carbonate, a tubular reactor filled with dried metal carbonate and equipped with a
screw blade miming thragBrHEtpbe (Gt A HiQizedhdd6Betal carlibateurt)S)Patent Application

2007/0004938 describ ss.to produce flugrinated vinyl ether by reacting a 2-alkoxypropionyl
fluoride with 2 metal c%@%ﬁ%ﬁ”ﬁ%ﬁgﬁ%ﬁgﬂéndmons ina stirré&gﬂ{é’&% tor at a temperature
15 above the deCﬂrbOXYlﬁ?&ﬁjﬁ%ﬁ%ﬁ{@% eRhaR iBleHediae EM%E@@B{%Q%HPOHnated vinyl
ether. Examples of fluori Vj g&her uiﬁbl for.use include CF3-0-CF=CE2,
CF3CF2-O-CF:§@€% éé%@ cf’-%i?, a%g CESERY TORERICRL2 % of which are
available from E Ifagfippéringic Reltoars msthaismpaasy, wwihnigrside makpzi®ngesup of Formula
(iv) RFOCFHCF 2052wy whetip a2 sl fisuppakidot 3 Ruakiowinl 2 sdsiprepared diyathe reaction of a
perfluorohy%ocaﬁ&%\@%bﬁﬁ@%\eaﬁma—qé:gLi&meerm%ﬁ@%%ﬁﬁa%ﬁa%%a%@mg}gw- Prefered
ethers include those of foim Ea’ f-O-CF=h§F2 i/there'LgLRf is ;.rfl ro(i[?ll yl of two'to six carbons. The
diol is used at 25a %ﬁtsiﬂfg § S8 TS B ETSRE BT St S fE ﬁ%@ é?%\[‘ﬁif Bhiraisbut Ito about 5 mots per
mol of ether. SuitbhesRalnSeitectnpbeains HOUEO MY Hiddseribeak atkatisetrtrotiesal, alkali

hydroxide, alkali fiyatistesdviap atkalivarmiseingrefesteekapeoplicaliimetalsssuih amMa, K or Cs, or alkali

nydrides such asoNash R e hitgaRENoBdsiaRCHCIRA AL AIRIRERIAINES B pliam about 40C to
about 120C, The %eag n be conducted in an o;%tlonal solv$nt, su%h as ether or nitrile. The Ra

tion ca .
group of Fofmuld® W“é&%@ﬁ%&ﬁ%@ﬁﬁw oY P CARRRI G HUBRAYEEd alcohol of
Foimula 4: wher8prinate yinyl sthesig Fosminian eh8dopeviedroaticyihgrospthizlvifig fism about 2 to about
6 carbon atoms, prRdBIRRYOIEEH) 10X TE0Y0BRCF XLF; Craash Xids-tatepandently an organic
divalent linking grgup-paving-fom ahavicl to, aborL A0.£aIbaD.AIRMS-GRYRAlly S9RiRining an oxygen,

nitrogen, or sulfur, or a‘compination theregof,
g u&emours ancP é] mpany, %\fﬁmngton, DE.

20 The Ry group of Formula (iv) RfOCFHCF7O(CyHow)- wherein w
1s from about 3 to about 12, is prepared by the reaction of a
perfluorohydrocarbonvinyl ether with a diol in the presence of an alkali
metal compound. Preferred ethers include those of formula Rg-O-CF=CF»
wherein Rris a perfluoroalicyl of two to six carbons. The diol is used at

25 about 1 to about 15 mols per mol of ether, preferably from about 1 to
about 5 mols per mol of ether. Suitable alkali metal compounds include an
alkali metal, alkali earth metal, alkali hydroxide, alkali hydride, or an
alkali amide. Preferred are alkali metals such as Na, K or Cs, or alkali
hydrides such as NaH or KH. The reaction is conducted at a temperature

30 of from about 40°C to about 120°C. The reaction can be conducted in an
optional solvent, such as ether or nitrile.

The Ry group of Formula (v), RFOCF(CF3)CONH-CH»CH>-, is prepared
by making a fluorinated alcohol of Formula 4:
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G is F or CF3, Ais an amide, j' is zero or positive integer. X2 is an 15organic linking group, h'is zero
or one, B is H, and E is hydroxyl. The compound of Foonula 4 is prepared by reaction between a
perfluorinatedtestaripepared according to reported methods in US Patept-¢;654d0A2sand US Patent
6,376,705 each herein incorporated by reference) with a triarnine or diamine alcohol with or without
solvent. The conditions of this 20reaction are dependent on structure of the ester. The reaction of
alpha, alpha- difluorosubstituted ester with diamine i conducted at a temperature of from about 5C to
about 35C. Suitable solvents for this reaction inclu éz etrahydrofuran, methyl isobutyl ketone, acetone,
CHC13, CH2CI2, or ether. The reaction of ester}&f ‘alpha-fluorine substitution with diamine is
conducted at a temperature of 25from about 90€"to abowt; 160C, preferably at between about 100C to
about 140C. Preferably no solvent is employed for this r@;&ction, hut suitable solvents include
chlorobenzene, dimethylformamide, or 2-methoxyethyl eﬁher. The compound of Fonnula 4 is also
prepared by reaction between a perfluorinated acy! fluo([dleG)thh a diamine alcohol or amine alcohol.
This 30reactfon is conducted at a temperature of from akigut -30C to about 40C, preferably at between
about 5C to about 25C. Suitable solvents for this reaction include tetrahydrofuran, methyl isobutyl
ketone, acetone, CHC13, CH2C12, or 2- methoxyethyl e]ﬁ‘i_er, diethyl ether. WO
20104102623PCT/US20091048197 The Ra group of Foilula (vi), above,
Rf(CH2)h[(CFZCTyé?i‘RE%ZCHZ)j]k-, Is obtained by preparation of fluoroalcohols of the formula
Rf(CElZ)h[(CF2CF2)i((iH25CdI§|t%2AgE, \gher%in RfisaC t01C6 perfluproalkyl, subscript h is 1 to about
6, and subscripts i, j, and K aré each BiRc gﬁeeﬁiopeeﬁﬁwf Y FURRAUPS PO 1dCe alcohols are
prepared from oliSHIdr PRI are atieeTeEar2a-fg CH2 | Or CaF2n+11) wherein subscript
nis an integgr from 1 t%%’kf}‘{%ﬁ sin%gn oleum treatment and hydrolysis. It has been found, for
example, that reacting with ole (TS b SO3) at about 60C for about 1.5 hours, followed by hydrolysis
using an iced dilute fo k2808 splutippeanadhen plowedibyheating io-ahout190G e about 30

minutes gives satfi . th reacii dg'op§nca£1 also be used. After being cooled
D e e AR RO e, the g

to ambient room temperature, a solid IS precipit
then decanted afti the St UREOR EF5FPEther and washed with water saturated with NaC1, dried

over anfydrous Na2SQdpapdroncaliialen and e W dsae . Otpet conventional
purificatiion procedures c%rg be er‘%)l yed. Alternatlvﬁé,égg co_hols ormula

0
Rf(CH2)h[(é ZCfﬁﬁ?Ell} 11%55% as GefTa b é‘ré’@ﬁy heating the oligomeric
iodides R(CH2)h[(CF2Gh)ilpembl eI @i Blepared by reaction between a

perfluorinated ester (prepared according to reported methods in US Patent
6,054,615 and US Patent 6,376,705 each herein incorporated by reference) with a
triamine or diamine alcohol with or without solvent. The conditions of this

20 reaction are dependent on structure of the ester. The reaction of alpha, alpha-
difluorosubstituted ester with diamine is conducted at a temperature of from about
5°C to about 35°C. Suitable solvents for this reaction include tetrabydrofuran,
methyl isobutyl ketone, acetone, CHCl3, CH)Cly, or ether. The reaction of ester
without alpha-fluorine substitution with diamine is conducted at a temperature of

25 from about 90°C to about 160°C, preferably at between about 100°C to about
140°C. Preferably no solvent is employed for this reaction, but suitable solvents
include chlorobenzene, dimethylformamide, or 2-methoxyethyl ether.

The compound of Formula 4 is also prepared by reaction between a
perfluorinated acy! fiuoride with a diamine alcohol or amine alcohol. This
30 reaction is conducted at a temperature of from about -30°C to about 40°C,
preferably at between about 5°C to about 25°C. Suitable solvents for this reaction
mclude tetrahydrofuran, methyl isobutyl ketone, acetone, CHCl3, CHyClp or 2-
methoxyethyl ether, diethy] ether.-
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20and subscripts h, i, j, and k are as defined above for the con-esponding alcohol, with
N-methylfonnamide to about 150C and holding for about 19 hours. The reaction mixture is washed
with water t%\é @ggue A mixture of this residue with ethanol and cqqg:ﬁﬂgrﬁ@g&ygrochlonc acid
is gently refluxed (at about 85C bath temperature) for about 2.5 hours. The reaction mixture is washed
with water, 25diluted with dichloromethane, and dried over sodium sulfate. The dichloromethane
solution is concentrated’ b8 distilled A seduieddiprdssire to give the alcohol. Optionally

N,N- d(ijmethylfor ! g)ggn:ﬂsﬁz @bfﬁ@ﬁg)gwmmlay{é@.rwgmﬁm@fﬂ@ef&maed purlflcatl%r;
procedures can Hg)4 30preferably
prepared by ohgo%@rlzg%%ﬂo ﬁ%ﬁ‘ﬂy%gw%ﬁf %@1 E@ng %g%g%gggll%\)ﬁ#e% n nis 1 to about
6 using a mixture’sHRRPRlGE: éHBbfé’t?gﬁdﬁ)iloT@tﬁ?ﬁBh@ aRA SRR [ch AR R BRftted at any
temperature frommndapendentperatubedoaabottSREenfith hesaitidslecta dic arimitiadoroPreferably the

reaction is condu@ﬁ%gr@g@ ;gmrm@%}@n@p%g Locaboubl0QE-withrakndaimitiator which has

about a 10 hour h f-life in th 1ol he gas phase, that is
the moles of CaFSé"ag(EWffl-lM é?t Igféf gt%lq‘c})gr 6 %gﬁéi%r%%lé%%%%é%{t 6, versus the

combined moles"8f@yRNE %d’?éﬁg?%o@ftﬁﬁgﬁ@e HAtTEaGHRe YR OHHET EbioeRin of the
reaction. This maleatatio (8 °*fidir about! 133woraboliv @edibpheferdiss frong abowdddute 10:1, more

preferably fram akgubl:taishomidred heiiale saticuahetayene et abugsoetbylene is from about
110 to about 10-}; RIS IRM AR HL BARY feR AN MOKSAICLaably fiofp.about 46 to

about 6:4. gres t invention er comprises the unsaturated intermedia ; sed in the
Q)

preparation of th 1§ ’c’&rﬁ%%ef%‘éaﬁ?@?@ﬁf?ﬁ%ﬁﬁ&ﬁﬂﬁ‘é‘t%@?&ﬁﬁ%ﬂ%ﬁ%ﬂ@ hieOat |on of the
sulfonic acid groupd Thefisdsdtor atathinte theddinié s Hzeredtivensecbiendridofdtiormalsel2al B, and 2C:

10(Ra-0-C0-)2Y FainuladaAuRadar iR Va0 GHRIRITotda 2B day@-GONY;80:0-RFoimula 2C
wherein Ra% th%&%%gc %&%&%ﬁb&%ﬁ%&%&éﬂa@ GHA AR i@kl

OCFHCF20(CH2CH
procedures can be empl

Alternatively, the alcohols of formula
Ry CH2)[(CF2CF2)(CH2CH) Ik OH as defined above can be prepared by
heating the oligomeric iodides R{CH) [(CF2CFp ){CH2CH )j [kl wherein Rf,
20 and subscripts h, 1, j, and k are as defined above for the corresponding alcohol,
with N-methylformamide to about 150°C and holding for about 19 hours. The
reaction mixture is washed with water to give a residuc. A mixture of this residue
with ethanol and concentrated hydrochloric acid is gently refluxed (at about 85°C
bath temperature) for about 2.5 hours. The reaction mixture is washed with water,
25 diluted with dichloromethane, and dried over sodium sulfate. The
dichloromethane solution is concentrated and distilled at reduced pressure to give
the alcohol, Optionally N,N-dimethytformamide can be used instead of
N-methylformamide. Other conventional purification procedures can be used..

The iodides of formula RACH2)p[(CF2CE2)i(CHaCH))jlil are

30  preferably prepared by oligomerization of ChF254-1C2Hy4 1, CuFap+1CHo T or
CpFon+11 wherein nis 1 to about 6 using a mixture of ethylene and
tetrafluoroethylene. The reaction can be conducted at any temperature from room
temperature to about 130°C with a suitable radical initiator. Preferably the
reaction is conducted at a temperature of from about 40° to about 100°C with an

35 initiator which has about a 10 hour half-life in that range. The feed ratio of the
starting materials in the gas phase, that is the moles of CpFap+1CoH4 L
CpFop+1CH2 T or CyFoq+11 wherein n is 1 to about 6, versus the combined
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(iv) RfFOCFHCF20(CwH2w)- ; (v) RFOCF(CF3)CONH-(CgH2g)-; or 20 (vi)
Rf(CH2)h[(CF2CF7)i(CH2CH2)ilk each Rf is independently €c F(2e+ 1); C is 2 to about 6, preferably
from 2 to 4, {pgrﬁﬁg&{%@bly 4; dis 1 to about 3, preferably from 1 to 2, more preferablyd; g is 1 to 4,
preferably from 1 to 3, more preferably 2; 25v is 110 about 4, preferably from 2 to 3, more preferably 2;
w is from about 3 to about 12, preferably from 4 to 6, more preferably 4; h is 1 to about 6, preferably
from 1 to 3, morenprieferfdshy Rue and t4trafidokoatieybachcidapessdentiprirc con@ropmahixture thereof,
Erefer%bly 180r 2,ﬂﬁeqas@c%%f.em&y&lfgﬁmi%E%tmg&gﬁs_t%ae!uau?l@q, 9@@:@?5199 AtpMms in _grou? rEVi) is
rom about 8 to ahout 22; Yis alinear ranc iradjcal having olefinic, unsaturation of he
formula—CeH(2e-%0u%/v%i%eﬁgi%10é¥ismf rgrpé? ngie}ffm?f%ﬁgs{ | l(())ralg }ﬁeg;l?c?; er%ﬁc%%?jmaﬁ@ group
ChH(2b)-1)-; ande8ly @R amserafuamsibtgnpisfarammhounbnt 8 o syt 10 mptiaki% BPBormulae 2A,
2B, and 2C &re prbpardd ssatist fssetdbove fof&Eobimilae lahouBs arid d@eiedpt that the sulfonation
step is omitted. Compounds of Formula 2A, 2B, and 2C are also monomers that.can be polymerized
alone or in admixture WEH%FF@F%@HS%’QPS%%W%WBBW&H&Fm@&gﬁgﬂ% ?@%Héefgsulting
polymers and to suttaceeprantrict the Tediting oo Hnpresavamysplied that Pedfeimed pophpounds of
Formula 2A, 2B, ang2(ddiethese: whiesein L8 isRACHGhd)ariteg ek R hatekR:(CgH2g)-;

RfOCFHCF20(CH2CH20)v{CaHR2 g 0h RIQGRACF20(CwthwO)- (CgH2g)-. 15 Also preferred are
those compounds of Formula 2A, 2B and 2C wherein c is 3 or 4, or wherein Y is CH-CH,

CH2C(=CH2), C(CH3)=CH2, GH=@HCHZY or CH2CH=CHCHZ dvtordar&ferred are those compounds

wherein Ra is RACH2CF2)d-(CgH2 g)_ R:%CES?%%Zé%g}IEZg)-%{IE}%%IEECFZO(CH2CH20)V-(CgH29)-;
or RFOCFHCF20(CwH2w0)- (g5 (CHaCH2)IR¢
R;y-0-CO-Y-CO-0-R Formula 2C
wherein
Ry is the group

15 ()  RACHYCF)-CgHag)
iy  RfOCFCF2-(CoBog)-:
(i) Rf OCFHCF20(CH2CH20)-(CgHog)-;
(tv)  RyOCFHCF2O0(CyHow)-
(v) RfOCF(CFg)CONH-(CgHQg)m; or
26 (vi) RCHL[(CF2CF)(CH2CHY)jlk
cach Ryis mdependently CcFoc+1y:
¢ is 2 to about 6, preferably from 2 to 4, more preferably 4;
d s 1 to about 3, preferably from 1 fo 2, more preferably 1;
g is 1 to 4, preferably from 1 to 3, more preferably 2;
25 v is 1 to about 4, preferably from 2 to 3, more preferably 2;
w is from about 3 to about 12, preferably from 4 to 6, more preferably 4;
his 1 to about 6, preferably from 1 to 3, more preferably 2;

i, j, and k are each independently 1, 2, or 3, or a mixture thereof,
preferably 1 or 2, more preferably 1;

30 provided that the total number of carbon atoms in group (vi) 18 from about
8 to about 22;
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20is 1, gis 1, Rfis C3F7 or C4F, and Y is CH-CH, CH2C(=CH2), or C(CH3)=CH2. Also preferred are
compounds of Folinula 2B wherein Ra is C4AF9CH2CF2CH2CH2 Or C3F7CH2CF2CH2CH2 and Rf is

(CF2)6F.  wolhignkesppounds of Formula 2A, 2B and 2C are useful as iptefmesliiga{g,prepare
partially fluorinated sulfonated surfactants, in particular those of Formula 251A, 1B and 1C as

previously defined. The present invention further comprises a method of altering the surface
behavior of a liquid, corfpsisitigeadidibgtohthddicpida bormgoladnsf Boattien A 1B, and 1C, as
defined above, ingwide variety of applicationsi Jhe surfactants of Formula 1A, 1B, and 1C are
typically used by simply blending with or adding 30 to water, aqueous solutions, and aqueous
emulsions. The subktetants ePFodnafarstla 2l B aAd ore Wsieatibrendedatkateran interfacial tensions
and provide low @ﬂi@@lbwc;euﬁcponcentrations. Examples of surface behavior alteration include
improvements in the properties of wetting, penetration, spreading, leveling, flowing, emulsifying,
stabilization &f di8p&FEBhS haRstids: ﬁé‘ﬁ%ﬁéﬂ&ﬁ?é}&l@iﬁé; 35lubricating, etching, and bonding.

Examples of such applealRRANDSI A RReBNARDE [ldangLdecaeang sarnostions and

aqueous and non-a%_ueous eaning products, each faor glass, wood, metal, prick, concrete, cement,

natural and syntH8tiE STBHES td: SPntRed SRR nHESIH Y RRfB 5 erials, linoleum and
other 5plastics, résimponads cdllmmongyheliB rapbefsafinéis matotapridbatese paints; polymers; and
waxes, finishes, leyelingiaadgless: agents-tar-floars otieniuresahees ity asld-adtemetive care.

Werting agen apRIcRIROA AL AS G BaAdena T amBORionneR R RINg gricides, fungicides,
weed killers, hoimone growth re u\lato S, parasiticides, insecticides, germicides, bactericides,
tonematocides, MRPEHBEHRPIEDliants or fertilizers, therapeutic agents, antimicrobials,

f'uoroch?mica' b'Odod Stﬁétlié%%%se&ﬁﬁsum@@ﬁmﬁm@m m%ﬁ@g&%&ﬁm@m@r&p%@@s iﬂ .
personal care pr ing mpoQs 0 ,Creme rinses, cosmetic products for the skin
(such as therape(i}ﬁléegz r%%%&ég%%gh%%%%lgﬁr@%ﬁ%ﬁd whter repellent cosmetic powders,
15deodorants an@aRtiséaspitdiasiipaivpSlish2iips ek hd tHeothPiSieiEufthetegdptichtions include
fabric care produgtBd sucioras staith@retteaimedisod Fdfarusidin rehave s fehetething, lcarpets and
upholstery), and E}%@%(esﬂ&ﬁefq@@ﬁ:@t@,@@ﬁg@?&@tﬁ@ﬂ@#ﬁ%ﬂﬁmﬁ@rﬁgrowashes and in
automatic dishwashe well treatments (including drilling muds an ltives to improve tertiary
ic dish a@?l %ﬂ%@{ lu/Jore nelerre ;11* It‘l%se qn 01.%1%1 wq] e dis | ! !
oil 20well recovery),extrere pr%ssure Risrcants, Lubrieating cu ing ol t0 intprove penetration times,
writing inks, printiit (e Fhatdertppy deifdidipéisoilblie e nfidisions for fighting forest fires, dry
chemical fire extingIESURYGRGENISIBEMSOCHYDY fiteeRiDGHISOEX) thicKeRni0y-dGehtsbe torm gets for
solidifying opencapsalingrprdicalwaster RHRIeresSis g velapersceisping solutions, etching
25compositions, leyglopers, PAlishersrand resist ko, n the manfagy ling, pracessing, and handiing
of semiconductors anc elec 'nicssc.’ﬁ‘ﬁ?eetérur Actantsor the resen]flln\(entlon can Be’incorporated into
products that fun&tigie@82CF2CHCHy or C3F7CHCFaCHyCH) and Ry is (CF2)6F.
The compounds of Formula 2A, 2B and 2C are useful as intermediates to
prepare partially fluorinated sulfonated surfactants, in particular those of Formula

25 1A, 1B and 1C as previously defined.

The present invention further comprises a method of altering the surface
behavior of a liquid, comprising adding to the liquid a compound of Formulae 1A,
1B, and 1C, as defined above, in a wide variety of applications. The surfactants
of Formula 1A, 1B, and 1C are typically used by simply blending with or adding

30 to water, aqueous solutions, and aqueous emulsions, The surfactants of Formulae
1A, 1B, and 1C typically lower surface and interfacial tensions and provide low
critical micelle concentrations. Examples of surface behavior alteration include
tmprovements in the properties of wetting, penetration, spreading, leveling,
flowing, emulsifying, stabilization of dispersions in liquids, repellency, releasing,

35 lubricating, etching, and bonding.

15



antifogging agents for glass surfaces and photography films, and as antistatic agents for magnetic
tapes, phonograph records, floppy disks, disk drives, rubber 30 compositions, PVC, polyester film, and
photographwgrggmﬂ]rag@% surface treatments for optical elements (such gs.glass.plastis, or ceramics).
Other applications are In emulsifying agents, foaming agents, release agents, repellency agents, flow
modifiers, film evaporation inhibitors, wetting agents, penetrating agents, cleaners, grinding agents,
electroplating agents, cBreayspdes wfhilpitoxsp 35 soldevirged gerig;fdis parsioriaidgunsitrobial agents,
pulping aids, rlnqaa&%aﬂg&u&%&%@a&dﬁ@&@gen{&,n@ﬁt@f@étﬁ@g@mg@pmmgm agents,
bonding agents, ancrll?ll fl?|d cherréﬁca@} bml;l’fg:%ncc%?éo ﬁdﬁt {t&&pggﬁgﬁ Xf?é] are also useful

as foam control agents if pe polyurethane tbams, spray-on_oven cleaners en and bathroom

cleansers and digi ghic SRVIRIGHORRIE: 15iH Wé??ﬂ@%r@&ﬂ%@ﬁ’t ‘Béitﬂéhefhe surfactants of
the present inventlesiiergwussefulaas: aémtdafymgtﬁagbmﬁIﬁbpmlyndéﬂha@mmné@muutarly of

fluoromonomers M@g( stahilizetsrasiaoldvelease agreisfengilisonss:sphetearaulsion stabilizers,
il sttt ke A glf%t%%%fﬂlcﬁqdéa%%géﬂca' carbon

dioxide emuIS|ons and Ispersion of nanoparticles or ments in water oW concentration of less

than about 0.19% 2RFETefabiyTISS R SBBHPTed oPig Hvivtgiftidisa Corhstlint SIS fulae 1A, 1B, or
IC in the liquid is @ﬁmhwgl@bwrsa@mmﬂygdmelmactmmﬁﬁﬂIh@imclfﬁsand IC are useful in a
wide variety; of engHse apRlicatRnfoclng Qieﬁ‘éﬁ&ﬁti{k\lﬁﬁﬂﬂmzﬁﬁﬂﬁmrw is@smeompounds of Formula 5

Rf OCFHCFZO(CH%C%;O \éié_' ormuga 2.1 wh he e| f&%@ trkgm%ﬁgdggsa&%@elpreferably
from 2 to 4, more pretera v |s to a out era rom 2 to 3, more preferably 2.

Preferred compo%ﬂ@%hﬁn@BI@%W§H6§§rW é’ﬁ?%ﬂ@%“ﬁ s pngjydesh SRSy is 2 or 3. The
compounds of FammditoScasectseduimssimesmediareduntniokihg shartisulsh fia drinapedtsufonated

surfactants. In paskisetarchasmidan ﬁﬁtﬂ@@@ﬂ%@@t&@é@bi&m@&ﬂ@@@p&mms of Formula 1A, 1B
et NGl orppen b RCRET RN HER ! BRTPIBESMARREESS ©F e

preparation of a 25 compoun CH2C 20 ula 5 wherein Rfis
CCcF(20- ); C is 2 3BPAaiRms: ingiuds %@Focgﬁdﬁ?ﬁ“%%ﬁ%?ﬁﬁt%@rﬁﬁ?&ﬁqw% ‘EfnstﬁaB’f Formula 6

removers for clothing, carpets and upholstery), and laundry detergents. Other
applications include rinse-aids (for car washes and in automatic dishwashers}), for
oil well treatments (including drilling muds and additives to improve tertiary oil

20 well recovery), extreme pressure lubricants, lubricating cutting oil to improve
penetration times, writing inks, printing inks, photography developer solutions,
emulsions for fighting forest fires, dry chemical fire extinguishing agents, aerosol-
type fire extinguishers, thickening agents to form gels for solidifying or
encapsulating medical waste, photoresists, developers, cleaning solutions, etching

25  compositions, developers, polishers, and resist inks in the manufacturing,
processing, and handling of semiconductors and electronics. The surfactants of
the present invention can be incorporated into products that function as
antifogging agents for glass surfaces and photography films, and as antistatic
agents for magnetic tapes, phonograph records, floppy disks, disk drives, rubber

30 compositions, PVC, polyester film, and photography films, and as surface
treatments for optical elements (such as glass, plastic, or ceramics). Other
applications are in emulsifying agents, foaming agents, release agents, repellency
agents, flow modifiers, film evaporation inhibitors, wetting agents, penetrating
agents, cleaners, grinding agents, electroplating agents, corrosion inhibitors,

35 soldering agents, dispersion aids, microbial agents, pulping aids, rinsing aids,

' polishing agents, drying agents, antistatic agents, antiblocking agents, bonding

agents, and oil field chemicals.
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30Rf-O-CF=CF2Foimula 6 wherein Rf is CcFpc+0, and c is 2 to about 6, with a compound of Formula
7 WO 2010/002623PCT/US2009/048197 HO-(CH2CH20)v-HFoiinula 7 wherein v is 2 to about 4. In

the processpf,the MEgsgpt invention the compound of Formula 5 is prepageq by-ag sgastion of a
perfluorohydrocarbonvinyl ether with a diol in 5 the presence of an alkali metal compound. Preferred

ethers include those of formula Rf-O-CF=CF2 wherein Rf is a perfluoroalkyl of one to six carbons.
Preferred diols include distisptepevgiscd]tiEmscdior i peigmarsirout used biolvenseadielper mol of ether,
preferably from abeutsliipabeuithipalsRespg-ohether cRuilablesatkali metahcampounds include an

alkali metal, alkalgI a@@&l&&%{g@%ﬁ@é&@&%ﬁggﬁi a%'.@limgﬂlﬂ%f%%ﬁE ﬁlﬁatﬂ %q}ﬁlee Preferred are

alkali metals such as Na, K o s such as Na KB. The reaction_is conducted at a

temperature of frSFAEESLPERbidAE Fé‘ﬁﬁ?fé?&ktlh?é% RESER e SR B BT EBSIY AC to about
120C. The réactisgeetrfbedonducesidinmaniopddyalidblorrmosworers astheaxgitabithitersT e process is 15
useful to preparenadcohola effermaladiubiet) preesaeciivpreare denivaiiveicompornds, such as

surfactants. g siRsiants of 15 AEPROLINGPIOALEATIYIAAA I HeAR G, in many cases,
afluoroéthy

require less tetr ene In their preparatjon when compared to conventional fluorosurfactants

made from TelonTEPEla BRSSP IRASSE TIRA AL BPERMTISIRS RASHETSSN W He Rf portion of the Ra
'R(?glgllzcl_?ggz%r(eccursjzsﬁg@chﬁcﬁ@iﬂgggs%@%%é@é?gg)ﬁ,(ﬂ&fcrabl less than about

V-(/ - (v "W W)-, AV, .
RO 3O i b T PR A S e o is. o e
compounds of Féifsaiya AC aBegrant ot moinstinioel Do e, b eadk! Sutfadesits 18f the present

invention, some afhé: luastyerisendplscahlivitbiather atoms or monomers, compared to the typical
perfluoroalkyl groups of | to 20 carbons in surfactants made from traditional Telomer B alcohols. So

less tetrafluoroethylene 18UBEEH MEHEpSHR6HCOMESIHE ORI B SEGI YR 318 and 1C or of
Formula 2A, 2B and 2C contﬁigp@@gﬁ%ﬁ@@ﬁggﬁg'@g[%ps. 30ThepgperRgmer moieties replacing

tetrafluoroethylene in most cases also cOntain a loWwer proportion of fluorine. Consequently, in many
cases the susfactahtsehii the present invention are more fluorine efficient than many conventional
surfactants. By "fluorine efficiency" is meant the ability to use a minimum amount of fluorochemical to
obtain a desired surfacé‘étfectbResBurfactant properties, when applied to substrates, or to obtain

better performance usm@i&%&@ﬁ&ﬁt'@}’ﬁ'@@rﬁﬁi@% 2 to 4, more preferably 4; and

v is 2 to about 4, preferably from 2 to 3, more preferably 2.

Preferred compounds of Formula 5 are those whereincis 3 or 4, gis 2,
20 and vis 2 or 3. The compounds of Formula 5 are useful as intermediates in
making partially fluorinated sulfonated surfactants. In particular, Formula 5
compounds are useful in making surfactants of Formula 1A, 1B and 1C as
previously defined.

The present invention further comprises a process for the preparation of a

25 compound of Formula 5
Rf OCFHCF2O(CH,CH720)-H Formula 5
wherein
Rfis CeF(2c+1); ©1s 2 to about 6; and v is 2 to about 4,
comprising contacting a compound of Formula 6
30 ReO-CF=CFn Formula 6
wherein Rfis CoF2e+1).-and ¢ is 2 to about 6,

with a compound of Formula 7
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MATERIALS AND TEST METHODS The following materials and methods were used in the Examples
herein. All common organic and inorganic compounds were obtained from Sigma-Aldrich
(Milwaukee wﬂ)ﬁ%&%@g without purification. These included 5 maleic aphyArdgs3Q4ym hydrogen
sulfite, toluene, hexane, p-toluene sulfonic acid, itaconic anhydride, citraconic anhydride,
trans-glutaconic acid, trans-betahydromuconic acid, and other routine compounds employed in the
Examples. SIMULSOL 5L8: octifeCBpKBaiyiutbside is Bvailallé from Kreglinger Europe,
Antwerp, Belgium. 10TRITON X100: p-tert-octylphenoxy polyethyl alcohol is available from
Sigma-Aldrich, SERFEBUIE £18 2POUSOWANOL DB: 1-butoxy-2-ethoxyethane is available from Dow

Chemical Company, Migland,Miess of the SRUSANE 365 MEColfifodnd G ReRiafiugrobutane is

available from 15Solva Elut%rides, T horfo are The followmp tfﬂuorinfilrlt(g(aéﬁpemicals are available
-metny

J.
from E. 1. du Ponf'¢&* él Urs S ]@o?npagﬁgld\lWi?r?ﬁf%%aﬁ‘@ﬁvﬁ‘érﬁulglFo- E%-oxahexanoyl

fluoride, Perfluor8isutiasadrie! anslriemestiusrroundrRisteprd sismyrdussribapioberfluoroethylethyl
iodide. 20The folfowing: fRyabir@ied EhemmicdlsRyere peefhaned!aglioticatedizelaho:83CH2CF2] and
C4F9(CHZCFZ)ZF%’Q[%@H?&@E%QH?&%@@&H%@ rfugrofutyiiedideand éﬂ&@(ﬂiﬂ%‘cﬂ%ﬂwride as des_cribed
by Balague, et aI1 "%}/r]thess Oif Fgut?rmateg Egﬁ)rgersh art t'ljeglgmgnz tlogr%é{m%/hdene Fluoride
with Perfluoroalky?loalaggr',nb‘.) If)luar]lﬁlélﬁ%grm. %’1 3_ %’(‘251 . B& g speciﬂc telomer iodides
are isolated by frei@gonarsif atioH. metalegppords arhrgas el ardd vy idhedify perfluoropropyl
vinyl ether with iodéne, alitetidedod dy ditdlubyitridel dwvithe batomtidftudhidemslaeatalyst as described by

Viacheslav et al. in S 5ABLAA8: NI R5hMEtBPR r Mepsiuamentotihe Criticatlicelle

Concentration (C{I}a/lacclt)1 and 30 (tihe SdJEg%qe Tens{i&)n bﬁf(ond CMC. %urf?ge%ltension Oof agueous

: on 18 conducte emiperature.of [rom abmtlt a| 1% getatur
surfactant solutionis were measured at various weight percents in mN/m using a K_russ Kl

Tensiometer (froAb®UsY GspreterbinitemeyricBnpisuriey ity theesiiedtstiface tension have the
highest effectivehesendibeciiticabpiioaliescbroentrdtione{i@ nisrdefifibd msdtss soncentration at

which increased goreetiations aftswsfastant-essentialivngdonegts gayesths:shtace tension. To

determine CMC, the surface teﬂsion [ meqsured as a function of surfactant concentration. Surface
. . C(ﬁré}aj n%s SUcC Sm]‘?&ctan S,
tension is then plo abscissa) vs. 1og

The surfactants of the present invention of Formula 1A, 1B, and 1C, in
many cases, require less tetrafluoroethylene in their preparation when compared
to conventional fluorosurfactants made from Telomer B alcohols. While

20 tetrafluoroethylene may be used in the Ry portion of the R, -OH alcohol
precursors when Ry is (if) RfOCF2CF2-(CgHag)-; (111)
RfOCFHCFzO(CHQCHQO)V~(CgH2g)-_; (1v) RfOCFHCEFO{(Cy How)-: or (v)
RfOCF(CF3)CONH—(CgH2g); tetrafluoroethylene is not otherwise used in the
preparation of the compounds of Formula 1A, 1B or 1C or of Formula 2A, 2B or

25 2C. For the surfactants of the present invention, some of the fluorine is replaced
with other atoms or monomers, compared to the typical perfluoroalkyl groups of 1
to 20 carbons in surfactants made from traditional Telomer B alcohols. So less
tetrafluoroethylene is used in the preparation of compounds of Formula 1A, 1B
and 1C or of Formula 2A, 2B and 2C containing the R, (1) and (v1) groups.

3¢ The monomer moieties replacing tetrafluoroethylene in most cases also
contain a lower proportion of fluorine. Consequently, in many cases the
surfactants of the present invention are more fluorine efficient than many
conventional surfactants, By “fluorine efficiency” is meant the ability to use a
minimum amount of fluorochemical to obtain a destred surface effect or

35  surfactant properties, when applied to substrates, or to obtain better performance

using the same level of fluorine.
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5concentration (ordinate). The resulting curve has a nearly horizontal portion at concentrations higher
than the CMC and has a negative steep slope at concentrations l&ss than the CMC. The CMC is the
concentratiqp s hg,inlessection of the extrapolated steep slope and the gxirgral@agngar horizontal
line. The Surface Tension beyond CMC is the value in the flat portion of the 10curve. The CMC should
be as low as possible to provide the lowest cost for effective performance. Test Method 2 - Spreading
on Cyclohexane Test Method 23&AaHaRtAH SraMES idvneVET TIHWAS1 997046283A1, wherein
surfactants were applied to the surface of n-heptane to provide g screenin eyaluation for Advance
Fire Fighting Foams (Aﬁ&?ZS?IE?%%@%%@%%% OO PELE ﬁga%a{% t%x?’gnﬂ%gééé ?Fleemh-heptane used
by Stem et al. Test Methad s ReasHEesithe abilinaldeespsladantrobuionstompread across the
surface of a less gdense,flam le liguid. When.the surfactant solution spke ross the surface
("excellent" rating ?Q%éiﬁ%?%@s‘ géﬁ% %%eme%ﬁil%%%ﬁ 'uéﬁgallﬁllci%lid&glﬁ%gtﬁg %gsr If the
surfactant solutioR&RIe aTRSHERre s BEMBIURETLRIELS AR SR AER PG SN ERoAHORting depending on
the extent of the padiighspreading)ths tandenibetiedndairand-fhtamalslediduidis-Idomplete. If the
surfactant solutiof gigksdpifcthadammabledigwd (paenidalingdarbaries beiwsien air and flammable

liquid is established. 25A surfactant solution was prepared by combining fluorosurfactant (0.9 g/L of
active ingredient), hydr&tsbbaQUrfddantiditives:S prvahgonids iswripEly fom Keegbnzn g/L of active
ingredient), butylGatpoh(REAMABDLELRB; 4.2 g/L of active ingredient), and mixed thoroughly. A Petri
dish (11.5 cm diameter) was filled about half-way with 75 nil., of cyclohexane. After the surface of the
30cyclohexafhe had comBiBtERY ediffed (EtyoRt 1 phfmats) PaoothyicHsmarsib R tARABIn diRsh of _
fluorosurfactant, Rigsiecedraih, Suitadtants,Bdgy] carbitol, and water was deposited dropwise with a
micropipette beginning at the center of the Petri dish and outwardly along a radial line to the outer

edge of the Petri dish. THEHMB LR tdrBio 85y phABT ASiAGERIA P%he surfactant
solution "sinks inftheciatt it betow tHelkydokéxane. In fair perfoiming formulations, the surfactant

solution merely "floats" on the surf OE?G yclohexane without sinking. | o? erforming
formulations, the surfac%é?ﬁ%ﬁ\lggc?gi% slstlie1 f '@5%?}%1‘8r8§3%ﬁ%%§agﬁfgﬂﬁ%% i?n%é was noted when
the extent ofthe SphesditepufiehelbaridetaMtsolution across the surface of the cyclohexane ceased
and the 5 extent of the ?‘{'Q?Sﬁ C?Xert"i‘@c?'%é&e%%oﬁ"e)gﬁ% 12t pointigs gecorded, | %‘?é‘tcc?é'e”t performing
formulations, the surfactalit SOMUtIOR rapidly Spreads Across the entire surface of the cyclohexane. In

excellent perfornisgrommndfeniapans MHiEmeORREd RBRBX M Shyie-S5rBSHRAYY LS the surfactant
solution first covdiegtide Bafitmsiniadéodd)I6jnyiidene fluoride, Perfluoropropyltvinyl cther,

and Perfluoroethylethyl iodide.

20 The following fluorinated chemicals were prepared as mdicated below:

C4F9CH»CFal and C4Fg(CH2CF2)2l were prepared by reacting
perfluorobutyl iodide and vinylidene fluoride as described by Balague, ¢t al,
“Synthesis of Fluorinated Telomers, Part 1, Telomerization of Vinylidene
Fluoride with Perfluoroalkyl lodides™, J. Fiuorine Chem. {1993%), 70(2), 215-23.

25 The specific telomer iodides are isolated by fractional distillation.

C3F70CF2CFol was prepared by reacting perfluoropropyl vinyl ether
with todine chloride and hydrofluoric acid with boron trifluoride as a catalyst as
described by Viacheslav et al. in US 5,481,028.

Test Method 1 - Measurement of the Critical Micelle Concentration (CMC) and
30 the Surface Tension beyond CMC.

Surface tensions of aqueous surfactant solutions were measured at various
weight percents in mN/m using a Kruss K11 Tensiometer (from Kruss USA,
Charlotte, NC). Compounds having the lowest surface tension have the highest

effectiveness,
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toEXAMPLES Compound I. A mixture of ethanolamine (13 g, 28 mmol) and ether (30 mL) was
cooled to 15C. Perfluoro-2-methyl-3-oxahexanoyl fluoride (33 g in ether 50 rriL) was added dropwise
to keep the fegcliostemperature below 25C. After the addition. 15 the reagliqrani¥iisgovas stirred at
room temperature for one hour. The solid was removed by filtration and the filtrate was washed with
hydrochloric acid (0.5N, 30 mL). water (2 times 30 mL). sodium hydrogen carbonate solution (0.5N, 20
m1), water (30 mL), and sodigichioridiecsohstionti@atGrdiens2R e ait thasotmsntedivdettrated and
dried in vacuum eugEnight At iQmtieMPRIBUISUA-Give: 3swdiialBOnsald3b@diielth®5%. The product

was analyzed ”Si&%f#* %Mf%ﬁ‘”%‘ﬁ‘&é%ﬁé %/l%?@ifl'é c%stglsion is measured as a function )
N-(perfluoro-2-met y-%-oxa exanoyl)-2-aminoethanol. ,C3F70§F %FS CONHCH2C112011 A mixture

of maleic anhydrife tEH Y. EACHRBIRCIEFHE D) B OH*{4.5y, %2 mmol, prepared
as describeds25 abeovajipttoldenesutionidardsiiivnottydrate { 0.ck2ly e roHiBPII¢BOIML) was stirred
continuously andd3gaieektRietliphendas nitroaen Ahetemperiiy eyasBiintained at 111C for

approximately ZZCHHE%M%%% RLWRIS! yasemomMedazequapicaliv it ie,qif of a Dean-Stark trap. A

liquid chromatogra mass s§ectrum (EC/MS) was taken to show t mpletion to the diester. The

EC h gde 0
solution 30 was SB[FATEIEY &% 8%5@8&%%?%%3%ﬁ’iﬁg@%‘?’%@@’g ?grﬂeﬁfé%%%‘é% solution. The
combined organidiextiEctS wies dredooveayanthfdviéus hagmesitmbsditieoimgSObyrand then toluene
was removed by gtacy evaperatipnultng yelew Ribe3sidegoGlaideyinddo @0%cpsirity) was analyzed by
iHNMR and LC/I\/é%g&igg giM%_ructure as C3F70CF(CF3)C(0)NHCH2CH70- 35
C(C)CH=CHC(C)OCH2CH2NHC(0)-CF(CF3)0C3F7. Compound 2 Ethylene (25 g) was introduced
to an autoclave ciiaygedtwiti? CArPEHRE B2 (R1ohgyaand d-(+)-limonene (1 g), and the reactor heated
at 240C for 12 hours. The product was isolated by vacuum distillation to provide C4

FoCH2CF2CH2CF121. Fesmflsgretiruredieisd romirastaddad SR/ 866 &y oy herein
C4F0CH7CF2CHRGH2fandmbrpliedtashstinrdacaio6 0B duricSdwmersdd hecreastion was quenched
with ice-cold1§(tj-5 M%Ma&%d 3ﬁﬁl&@féb‘$§@hﬁh@@H@%Bﬁ@t@@ﬂ:ﬁ5@51@!&@:{511@%@&%61%0@m layer
was separated and washed with 10 wt% aqueous sodi nd-disti to provide

C4FOCH2C FZC%&@%}Q%\% t_g;ﬁg ¢ %!teéq Lriﬁ?ﬂﬁlé %%g %’Sﬁ %g%%g'eiﬁ%ﬁﬁﬂ%ﬁgﬁgrocedure of
Example 1 was uB88t6akab e hrsvresiany rolten 1o serab A ntilee 2 187y, 95% yield,
95% purity) by théersadtionmabinsigitiaierite (LrzigntstivmnolpCHEICIHRCRATIARCH201-1 (7.13
g. 22 mmol, prepgrad ar slesgined.ahene) iaretayiichie nesutioniscatishmaneoydiated®2l g, 1.1 mmol)
in 80 L of luen. i LS IGF 401 ick RIS UGN REAGHGLIARANANESH A% LINMR and

LC/MS to confirm the structure as _ . ,
C41-/19CH2CE2CHEEH2C B CREEenyies BERp st Seeaed RS °Ethylene (56 g)
was introduced tdamialtoslieseashend8dmwitible liquid is incomplete. If the surfactant solution

sinks into the flammable liquid (“poor” rating), no barrier between air and

flammable liquid is established.

25 A surfactant solution was prepared by combining fluorosurfactant (0.9 g/L
of active ingredient), hydrocarbon surfactant (either SIMULSOL SL8 or TRITON
X100; 2.4 g/L of active ingredient), butyl carbitol (DOWANOL DB; 4.2 g/L of
active ingredient), and mixed thoroughly. A Petri dish (11.5 cm diameter) was
filled about half-way with 75 mL of cyclohexane. After the surface of the

30 cyclohexane had completely cabmed (about 1 minute), 100 microliters of the
solution of fluorosurfactant, hydrocarbon surfactant, butyl carbitol, and water was
deposited dropwise with a micropipette beginning at the center of the Petri dish
and outwardly along a radial line to the outer edge of the Petri dish. The timer
was started.

35 In poor performing formulations, the surfactant solution "sinks

immediately” below the cyclohexane. In fair performing formulations, the

20



20 CAF9(CH2CF2)2I (714 g) and d-(+)-limonene (3.2 g), and the reactor heated at 240 C for 12 hours.
The product was isolated by vacuum distillation to provide C4F9(CH2CF2)2CH2C1421. A mixture of
C09(CH2CF2)2CH7CH21 (10g. 0.02 mol) and N-methylformamide (8.9 mL, 0.15 mol) was heated to
150C for 26 hours. The mixture was cooled to 100 C, followed by the addition of water to 25 separate
the crude ester shitfigtalcaholi(d mirpiand patoluanacsuliforic auit (Q-O8@xveraiadded and the mixture

sied at 70 C f 05 ngg@d%amr?@rmm' Alsohalusieempved i isiliation to give a

crude product. T %crude product was dissolved in ether, was Wt % aqueous sodium

sulfite, water antBRTFe i frvC Qb effed S\?ép?ﬁé&?éﬁm@hﬁéfge OISR TRRRIBE30 the product
C4FO0(CH2CF2)2iCher TR @Hs (bus ap 839% tlielsl)r fhie 94185 GaviRmane Eig(@b&Pd)e Maleic anhydride
((jo.65 % 3.7 gnn@liel%F%klﬂ%EeZ%%%Gm%%ﬁQ@hé(ﬁ?% gfaaé 133 Zméekd%f%aar?doas )
escribed abov n ic ac 1 m and toluene (50mL) were
mixed together%zr@ %‘h%f’%é t%ﬁré ljﬁat ﬁ%@% g ngnrﬁe% f 5rit eavx?zfg"’ rgg?rfé%egu{ as in Example I.

The resulting pal& YeRWhig G 964 51, ﬁ%%@?ﬂpgﬁ%‘ﬁﬁﬁm‘ﬁﬁaﬂﬁéﬂn%yﬁﬁ NMR and
LC/MS to confimetidievgtenciaiay Q4 ERCHACETOM2surfactant solution first covered the
CF2CH2CH20GQ)fe @G (ARGH2CH2CF7CH2CF2CH2C4F9. Compound 4 C3F70CF2CF21 (100
g, 0.24 mot) and benzoyl peroxide (3 g) were 5 charged to a pressure vessel under nitrogen. A series
of three vad@um/nitrogen gas sequences was HeaMREEFted at -50 C and ethylene (18 g, 0.64 mol)
was introduced. The vessel was heated for 24 hour at 110 C. The autoclave was cooled to 0 C and
opened after de%%@gr%&}ﬁen the product was collected in a bottle. The product was distilled giving 80

g of C3F70CF2CF2CH7GHR LR B340 Mgk E b%'&ﬂﬂx@@'%d"éﬁ 3@9& M%@ PBIeH9 (3.3 kPa).

A mixture of C3 F2CH7CH21 (3 cri ove) and
N-methyl- forma%r:mgjggo%e%cor\?v%s eé et? @?& ﬁp(??ﬁg}n ﬁ%ert % 3’% oled to 100 C.
followed by the %ﬁléf?@%@%ﬁéW&éﬁ%lﬂ@@ﬂm@@%@%%a’%oﬁﬂe@?@mﬁ}i?émi-,p-toluene
sulfonic acith (2.58 grdiowerne@ddedstaithel eiudere stepandith e reactiouiwvanstivedwas70 C for 15

minutes. Then etibloiaimant P mieanehai dsliieraut foave SIUARINIPAYCtoThe crude

product was dISS ved in %er w WItQA}’a{% eous sodium sulfite, water, and bnne |n turn, then

dried over magHé ufst ttémeréi'u gPodutd SW&&H%B%&@@EH@@%?
C3F70CF2CF28MZCEHPOH a5l jisldhigiTheoboibngspoiritedad 778 C wedtienm Hg (5333 Pa).

A similar procedureas-xanmplartatas canductad: Makeia anhydsids(0:66 o @&mmﬁ)ﬂ%
CaFTOCFRFCIPCHPOH 445 0114 MBSl iepaed 2 deeynpec bayslyplplignesulonic aci

monohydrate (0.13.g, 0.68 mmol) and tol were mi d together an uxegi for50 h at |

12C. The pale 2%%@%\%&%6&%%‘%}”&89{2 179° ? 4’%’@%@6‘?}‘(} *&)awggﬁ%maﬂ%d by 1H NMR and
LC/MS to confirrs i@ Strlictizng @8N 88FpOEEREF2C1-17CH20C(0)CH=CHC(0)0CHICH2NHC(0)CF(C

JOC3F7 Compound 5 A mixture of maleic anhydride (0.60 g, 6.1 mmol),

CaF70CF(CF3)CONHCHYCHOH (4.5 g, 12 mmol, prepared as described

25 above), p-toluenesulfonic acid monohydrate (0.12 g) and toluene (50 mL) was
stirred continuously and heated to reflux under nitrogen. The temperature was
maintained at 111°C for approximateiy 22 h until 90% of water was removed
azeotropically with the aid of a Dean-Stark trap. A liquid chromatography/mass
spectrum (LC/MS) was taken to show the completion to the diester. The solution

30 was separated and extracted with two washings of 5% sodium bicarbonate
solution. The combined organic extracts were dried over anhydrous magnesium
sulfate (MgSOy4) and then toluene was removed by rotary evaporation. The
vellow oil (3.12 g, 61.9% vield, 90% purity) was analvzed by 1HNMR and
LC/MS to confirm the structure as C3F7OCH(CEF3)C(OINHCHLCH,O-

35 C{O)CH=CHC{O)OCHyCHaNHC(O)-CHCF3)OCF7.

Compound 2



30In a dry box, a 500 mL Pyrex bottle was charged with diethylene glycol (99%, Aldrich Chemical
Company) (175 mL, 1.84 mole) and 80 mL of anhydrous tetrahydrofuran (Aldrich Sure/Sealm4). NaH
(3.90 g, 0.163 mole) was added slowly with magnetic stirring until the completion of hydrogen
evolution. The capped bottle was removed from the drybox, and the solution was transferred 35 to a

400 mL metal shaker tEb@]@a@ﬁr@p@sfiﬂﬁﬁ@I@é@ﬂ% M@Cm@agg&@mgls cooled to an internal
temperature of AfGaing was, siared. Anfl REIUOIORIARYInYL e (BRYE. 4} 0-145 mole)

was added from_a metaf cy e mixture was allowed to warm o room temperature and was

shaken for 20 h %Fre A& on MBI WARS darAsHIdY WA U iRt rRlSHIfSN in a separate 400
mL shaker tube CTHe(dopibiipet r&ailonfwixtuges Wereaddédtd 600 Sathledflmaterpaitd this mixture
was extracted withf xi200-mtrat distheibetharin.asenataionsfunmel-T e ethebexiragis were dried

over MgSO4, flgreg, 2 sf:;%)geg]%@&a\tﬁ RGP 00 SlpIaI EYanOIatar B e aguid (LL9-0 INMR

in CD30D, and analysis % chromatography both show: sma amouniogfaé]iet_hylene glycol. This
material was disS8I8& 150 Srivethy T BERGIERY iy Bxiratteprriad Wader 1sdI8thmL) in a
separatory funnél. Wtie stheruaselvwaswtied ovediMdsSO4 Hilteiéd, and concentrated in vacuo on a

rotary evaporat@4%kjgg@aggggtt@ e gqliguich (9,1 ig)zﬂﬁh'%%@?(. D6) PPm downfield of TMS)
shows 97 mole% desired mono-PPVE adduct: 1.77 (broad s, OH), 3.08-3.12 (m,

OCH2C/70€H2CH20H)e 8s42i{ica0@HR G20 CH2GINDH) /&6 1sé 15rEH)CH20CH2C1-120H),
5.496 (0|CC|)CliJlblet @implﬁiﬂgﬁilﬂi%4ﬁ,ﬁ3—b@ﬂ§é%&y% HaIE2GHEQSR 11 M) ard 3 mels% of the bis
PPVE adduct: . t of triplets, 2JELF = 53 Hz..3.11-1.F = 3 Hz, '

C1F70CH FCFSG gﬁ%%ﬁi%@?—é@ﬂ%%&%&ﬁﬁggﬁ% ?ﬁléloi‘lher peaks for he bis PPVE adduct
overlap with the‘ oo PRV E EtRdude FOA mhikeure? R STcBHRS aFidestol BTl gbeve mirrol).
C3F70CHFCF20@H2EH 01 «tROhoh20)ti {45 (6.21 2 mMnhohmsepargtngls abovesmeteluenesulfonic acid
m?lnohyd Ii;fc(?zlm, 60 @W@g{% ggﬁ, Sﬁaliwg@mkw%f%%g&wﬁﬁ*ﬂm%ﬁ% E‘%Qﬁ/fﬁ or an /degaate(;j to
reflux at r a period,o . The reaction was con ompleted throug an
the removal of §% ?fv)g%ﬂi% eeS%{/uo?r "G aga@%%&%@&é@?%@JQ' ?ﬂ%—t?‘gfoduce a pale yellow liquid
(4.48 2-, 90.0% i) 894 Pakit 2, TH2WMIR-and LC/MS were used to confirm the complete conversion

to the diester ar&%;@g{%ggture as
C3F70OCEFICF -12CH20CH2CH20C(0)CH=CHC(0)0CH7CH20- CH2CH20CH7CFHOCS3F7. 30
Compound 6 A ongtggailes reagiarwaschatgedowithpetivaeresthpdethykiodide (850 g). After cool

evacuation,gthy, traf| yigna.in a;ratio of. 27:73 were added until pressure reached 60
psig (414 k@a).@#e%@&%ﬁ g?t%i@ r%ggﬁégl o%%g. (I?\l/?gréze?%’y gﬁéganda fé?}a}ﬁy%ﬁr%sﬁsﬁran ina?27:73
ratio were addeti"tntil %% brdSufie FBaEREHGEHHG pc265 MsayAisiiisyrpadxrédsolution (4g
lauroyi peroxide-igt 280kt PErflpCHoethidéthylnosive) ol &g Belddth &F a) Chlofitin] ateddr.thour. Gas feed
ratio was adjustadijedd iohethylene antdet afluoraethyeneand henressuire was kept at 160 psig

(1.205 MPa). Af’é@ﬁz@b%tegrﬁ% tlfe%&!r%l%%ég% ﬁ%}lggj fb g&]%y?e{?l[etﬂg éf’}{gj tetrafluoroethylene feeds were

d
iton ol water to
stopped. The reaction was heated a or anothet 8 Nours. The volaties Were fefmoved by vacuum

distillation &t roSTRYGHA AT SHUFAS Ao DY RleRRb eyl eRe Rap hrue rodipifeprid fbefides
C2F5(CH2)2[(GF 2CRA(GH2BHE) kniTIT3g)rwherdin Kisa tistuseraf Rapdrainabout a 2:1 ratio was

obtained. ethyl alcohol were removed by distiliation to give a crude product. The crude
product was dissolved in ether, washed with 10 wt % aqueous sodium sulfite,
_ water and brine, in turn, and dried over magnesium sulfate. Distiliation provided
30 the product CqFg(CHCF2)»CHACHYOH (6.5 g, 83 % yield): bp 94-95 °C at 2
mm Hg (266 Pa).

Maleic anhydride (0.65 g, 6.7 mmol}, C4F9CHyCFpCHyCFaCHyCHYOH
(4.37 g, 1.333*10-2mol, prepared as described above}, p-toluenesulfonic acid
monohydrate (0.13 g, 0.67 mmol) and toluene (50mL.) were mixed together and
35 heated to reflux at 110°C for 48 h. The work-up was carried out as in Example 1.
The resulting pale yellow liquid (2.90 g, 51.4% yield, >99% purity) was analyzed



An oligomer iodide mixture, prepared as described above (46.5 g) without separation of the iodides
was mixed with N-methylformamide (NMF, 273 mL) and heated to 150C for 19 h. The reaction mixture
was washed with water (4 X 10 500 ml,) to give a residue. A mixture of this residue. ethanol (200 mL),
and concentrated hydrochloric acid (1 mL) was gently refluxed (85C bath temperature) for 24 h. The
reaction mixturebywas pourednitioCietero( 30 )hd heusalid wwasMeshed wyithwater (2 X 75 mL) and
dried under vac o giv gy f ct was sublimed. The
total 15 yield of %ﬁg‘gﬁrﬁ%?g%%ﬁ(z)@ C2F15(g@5§f%g{%§%?@§%%bé%ﬁi%%%%herein k is a mixture of
2 and 3 in abouf’ar2pbuatid was 26.5 g. A mixture of maieic anhydride (1.74 g. 18 mmol) and
C2F5(0-12)2[(CF2CF2)(CH2CH7 }:k Ohl (6.26 g) were stirred continuously together and heated to
70C. The reaction was-carret clitndat ¥8r&48-hianal hagad Sty erBratsrahe (Bevavas taken at several
intervals to noticbdhedisappesnancess reatinnisard. thesnirecdicticn oidhentiaifracid/ester.
CoraCH2CHC o PG OT (3 B o a7 oo, e e ooyt

. -OH (3.80.9,.9.7 mm nd p;toluenesulfonic acid monohydrate
(0.12 g. 0.97 mrﬁlgi (v%vlg?g'r%%?evgstgg ?2 rsel}l‘l(il?(elganglaﬂér??g%ﬁ r?nglg éc'jt‘ 1%%?%@’%%% product was
isolated using eX@riefioh WithahaeRe{asier dogisingoddentltiprdastietion datpdit@hydrofuran,
concentration, anudtiryirig: wasitot pradiies! thkgyeitouéio tnte sola vt A 86g1 93 8% yield, 97%),

which was analyzed by HOME a0k LG4 0 conlim e FigysIyiE a2
C2F5CH2CH2RCF2CF2)(CH2CH2)1k00C(0)CH=Ci-1- 30

C(0)ORCH2C1-12)-(CE20ER)tl-CHZOPRICZF5Ckh&rEirl K38lazntixitirecdf 2aact3aCompound 7 A

Qixﬂﬂe ofzethar&ls%mya{ @%@@; %ﬁwm&éﬂgn@aﬁmﬁ_ i(?eﬂ(mbgﬂx §&&q{@§%&>h&%@e "Clor2e
erfluoro-2-methyl-3-oxahexanoyl fluori ether,50 m S ed dropwise to keep the

reaction tempergtureeget%v&efg PAEr (gez%ai?ig%, (ELI};? Ig)%eac %\{rﬁl s a@‘%%?ﬁ'é% at room

temperature for SREHBERE THEISEHATWEE M dlevir] bl fitkatier arialusaerivieainee dyadstied with
hydrochloricsacia{f2. 3icdQo mbk )k raditest(2, imes SaolidssosiutitbydragerT daranate solution (0.5N,

20 mL), water (3Q,iDieb. 2k sedivmochiaude salion GriurRied: 2Bitlh tivas.then,goncentrated and
dried in vacuum over nlgrgeat room temperature to give a white s |Iﬁ 35.9, yield 95%. Analysis by 1H
NMR and F NIVIR SHowe tﬁ@%ergﬁ‘fﬁg}{cgwgsg REOPSHILFE S -ﬁggiﬁﬁlé%%o%%aminoethanol, -
C3F70CF(CF3)eONH-eMcHsbRRe in UEedhie HFBYaMeeio87sing Olfatmollhe product
C3E7OCE(CF3)@®NeQHAdd 2o @t (144 of C2ImOTol Epared ais Oeser ey, yield.
above),p-tojyenggLiianig Agig monohydrate @.;@%rg.gg c;pg@gl))a§nd toluene (50mL) were stirred

10d of 2

continuously 10 and heated to reflux at 111C for a peri 5 h. The toluene was decanted off to
leave a yellow, viscous\sotidlal hearaduet Wasipsily aissdibaduand thdniglagad diasv@auum oven for 2

h. The product g-@.%qn&%a%gﬁ%@%@@ &mﬂﬂh\ﬁsﬂ.cm/olm%ia e to confirm complete
converson and he SHUERTE 35 CIETOOTCERICONHCHEE 0O HRCCOhaC 0)0CHz012-
toluene (50mL) were mixed together and refluxed for 50 hat 112°C. The pale
25 yellow crude product (4.12 g, 82.4%, >99% purity) was analyzed by [H NMR
and LC/MS to confirm the structure as

C3F70CFCFaCHrCHyOC(O)CH=CHC(0)OCH) CHONHC(O)CF(CF3)OC3F7

Compound 5

30 In a dry box, a 500 mi. Pyrex bottle was charged with diethviene glycol
(99%, Aldrich Chemical Company) (175 mL, 1.84 mole) and 80 mL of
anhydrous tetrahvdrofuran (Aldrich Sure/Seal™), NaH (3.90 g, 0.163 mole) was
added siowly with magnetic stirring until the compietion of hydrogen evolution.
The capped bottie was removed from the drybox, and the solution was transferred

35 to a 400 mL metal shaker tube in a nitrogen filied glovebag. The shaker tube was
cooled to an internal temperature of —18 °C, shaking was started, and
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15 NHC(0)CF(CF3)0C3F7. Compound 8 Ethylene (25 g) was introduced to an autoclave charged
with C4F9CH2CH1 (217 g) and d-0)-limonene (1 g), and the reactor heated at 240C for 12 hours. The
product was isolated by vacuum distillation to provide 20 C4E9CH2CF2C1-12C1421. Fuming sulfuric
acid (70 mL) was added slowly to 50 g of C4AF9CH2CF2CH2CH2I and mixture was stirred at 60C for

1.5 hours. The reatiiorowapuentbedwithviegoold d, 15 Mm% 1Na2S 03 RAURIHS salution and heated at

95C for 0.5 hours,:The. b - e ith 10 wi%, aqueous sodium acetate
and distilled to p??oliﬁgg C%%%@@&%Eggﬁ%%%ﬂ%%%dﬁg%%%? g?%pr% Fgrtlﬁa ?ﬁ%‘ivqﬁas)%‘&“ Itaconic

anhydride (0.75'g 6.7 mMSIJSEH% JEXIE BoTeontsiListhi (A B7ug 4aeHRTIOpraBdRed as descibed
above), p-toluerieBiifisnid@oid. shokotybratéh©cbB1ginedbRannvel roxid tolwene &R anb odere refluxed for
a period of 19 hrat afemperaidreehdidc Theseseingnale yellowliomdi4ns3en0696 vield, 72%

30 purity) was l;NMR LC/MS to confirm the st re.as
Carach2CraL 2%@8%{%%&&3(?@%5&&%8% H ﬁf&ﬁ%%&%é?ﬁp%‘hdnd 9 A mixture of
ethanolamine (87 S8HSHBH 4ty ShBFYSEY BT IARELCESoRINTS Hedd (119.0 ) HNMR
Perfluoro-2-methA-B-éXahaxanm) fls brides(@3 griatetheh 5ot jiwaed5 aadesharopwise to keep the
reaction tem?er@ﬁtf@é%&@g}&f@ﬁ-Tlﬁfﬁ%ét@@@%%?sts}h?ﬁ@%ﬁiw%%P%W@iﬁéﬁ@%@t rr]ogm "
temperature for Qne hour. The solid,was .remove iltration and the filtrate was washed wi
hydrochlori(c?:eacifg(-,f&%é)éj%’b%m‘f .e\gvg}té"ﬁ éotilqun sné%)sr@rﬁ_ a ?5 ifjartﬁnﬁgdtfgﬁé %’éﬁ@'gh&%ssolution (0.5N, 20
mL), water (30 Fii§9 SHer ddaRitn EHBRaeed kAR GARH dlelcro oA 1) TtaRsRyEreraEséentrated and
dried in vacuunmhafevavight: ab ke tampieitre)to HiveMRwhite 5 selidid3sgieyield D6 Analysis by 1H
NMR and (E N g@@h%wgéﬁwa@gy&;tmwﬁwﬁa%e@rm%;%&f9}@@5}3@%2@(&@'noethanO"
raconic e (0,67, 0 mmol),
C3F7OCF(CF:3%&%&?&%&?&2.2’4%?&?%%%%?&%5’(‘6&’ teddiidéd 10 above),
p-toluenesuffonfealid FdHeHsdrtfetp. 1180 6depbishidly irier toltiens {B0imLInwerd Altded together and

heated to refluxGE LAUEE O contin Bah skitrdng ther-40prVEhedgumere. 1 (etiseable solid materials
present within tlﬂe;ptlg{yqezrjg_l;s_glggim%e pinkish solid was removed and the white solid was vacuum

filtered. Both material ; LC/MS, which confirmed that the pinkish solid 15 was the
product and the W T%eaﬁﬁé%ﬁ?fg% "é%é&%‘ﬁé&ﬁjér?acﬁgﬂ?%ﬁ@ provatier ey f8otobield, 65%

purity) was anaKZ¥§ Bydurt Riafeandi CiM® 1o E8Mimdthesistructure as

C3P70CF(&F3)C(0)NAGH G2 O @) kbl 4r)e OH2G(Q) 9GS 1 12NHC(0) CF(CF3)0C3F7.

Compound 10 ¢, O CHFCFYOCH) CHyOCHLCHOH (4.5 g, 12 mmol, prepared as above, p-
toluenesulfonic acid monohydrate (0.12 g, 0.61 mmol) and toluene (S0mL) were
stirred continuously together and heated to reflux at 114°C for a period of 25 h.
The reaction was confirmed to be completed through LC/MS and the removal of

25 water. The work-up as in Example | was carried out to produce a pale yellow

liquid (4.48 g, 90.0% vield, 87% purity. 1H NMR and LC/MS were used to
confirm the complete conversion to the diester and the structure as
C3F7OCFHCF2OCHy CHaOCH CHyOC(O)YCH=CHC(OYOCH, CH20-
CHpCHpOCF2CFHOC3F7.

30 Compound 6

A one-gallon reactor was charged with perfluoroethylethyl iodide (850 g).
After cool evacuation, ethylene and tetrafluoroethylene in a ratio of 27:73 were
added until pressure reached 60 psig (414 kPa). The reaction was then heated to
70°C. More ethylene and tetrahydrofuran in a 27:73 ratio were added until
35 pressure reached 1606 psig (1.205 MPa). A lauroyl peroxide solution (4g lauroyl
peroxide in 150 g perfluoroethylethyl iodide) was added at a | mL/min. rate for 1
hour. Gas feed ratio was adjusted to 1:1 of ethylene and tetrafiuoroethylene and
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20Ethylene (25 g) was introduced to an autoclave chatted with CAF9CH2CF21 (217 g) and (14+
Himonene (1 g), and the reactor heated at 240 C for 12 hours. The product was isolated by vacuum
distillation to provide C4F9CH2CFnCH2CH21. Fuming sulfuric acid (7OmE) was added slowly to 50 g
of C4AF9C142CF2CH2CH71 and mixture was stirred at 60C for 1.5 hours. The 25 reaction was
quenched with ite-peiddrbwii%hdyaS08 pquenosssoibtipnang heates7ato?2:6, fardsahours. The

bottom layer W%&&P%@fﬁ&kﬂﬂ%vé}ﬁbﬁ%ﬂ'ﬁ'a%& ‘Zﬁ@%ﬁ@%&oﬂb‘f}&@cﬂ?ﬁ?g 3’ pdgistilled to provide
C4F9C1-12CF2CH2CH O%Qei% 5@@ at 2%u ht 267 Pa). Citraconic an e (0.75¢, 6.7
mmol), C4F9C1t2 HSE % ‘is%hwﬁlﬁ“ Brepare P HOVRESY ¥|B%‘a‘%¥ﬁove)
p-toluenesulfonitiéidielintoriongdr aeieraiBrg) AardidotlieheoBor rthy lnereetsfftcedefbylabout 46 h at
112C, after Whi@bﬁﬁ@@@k@ﬂi@ww@@bﬁm@mﬁm LGS analysis kTiBe wonkadRwas carried out

as in example I%gw%%&ﬂga? Qwy;| q(yég {%gg - 59.6% yield, >99% purity) which was analyzed by
1H NMR and LC/MS to 35confirm the diester structure as

C4F9CH2CF2CH2CHB@G(M@I—:@3@@m&@(&)@ﬁdﬂ&@&iﬁ%@&m&?@(ﬁ@ poumdkl  Ethylene
(25 o) was ntrogygegiin BnaLIBsiave,charaed Wi CARIEHETRA G Jg@%ﬁ%’ g )imonene (1.9),

and the reactor ted r 12 hours. The product'was is vacuum distillation to

B ovite & RO PRI n e TOE o) B L AP P B LIOHHG €6 B0 o of
C4F9CH2CF2GHY CH2 it hiixesiduwvasd stinert af 60Cfoddebatioud. (THeméactioh was quenched
with ice-cold 1.2omt%iNaR303Rata0HS solutionandheated atbtd fersd:Bhgurs. The bottom layer

ted 0\ tate.and distilled ¢ de 10
\é:VZIS:SCe:EIangEZCM CH2(§flf Xﬁ%s%-ﬁ %&QH&?H’%(% gvryﬁag%%i%ee Pl Igsfl {a%g)ﬁ,gf;’;'d ?0 879.6.7

mmol), C4F9CJ§@W@%W§%T’(H@V%€‘@% oftlotép r%eéé”éﬂfééﬁl%%@o‘\?& p-toluenesulfonic
acid monohydrae/(Bel 8gg 067 swiroliang telhene2b0nmk) duerevatisddinodtinTiousiy together and

heated to refluxyaiid biQitam?4 hiclhaworkunpReedwerwas L5 cayjgd out andixample 1. The
resulting white %&@r e %% 4% eId 890{0 Qt%lt\%g/\%sa ried in a vacuum oven and analyzed by 1H

NMR and LC/M to confirm the structlj}rue{ %s

C4F9C+12CHCI- 120%@&@)@&mmqmgg@pguzgu%q&%gwg,%m Compound 12 20Ethylene
(56 g) was |ntrog%?g@)ggﬁgéwgﬁ%@ﬁﬁm@ﬁC(‘éll%gcgn HW%%FS 1 % %ﬁgﬁb O%Qd d-()-limonene (3.2

g), and the reactor heate ctwas is vacuum distillation to
provide C4T9(dPEZ’&'I§‘7§“?%P-P2§f3| PATL %lgﬁéeaf@@WW?@ﬂ%%ﬁég rodeew2

chromatogram (GC) was taken at several intervals to notice the disappearance of
reactants and the introduction of the half acid/ester.
CoFsCHyCH[(CFCF)(CHL CHo) J-OC(OYCH=CHC(OYOH. The half acid/ester
(4.75 g, 9.7 mmol), CoFsCHCHo[(CRCF)(CH,CHL) -OH (3.80 g, 9.7 mmol),
and p-toluenesulfonic acid monohydrate (0.12 g, 0.97 mmol) were heated to
25 reflux in toluene (50 mL) at 114°C for 19 h. The product was isolated using
extraction with CH;CN (3 x 100 mL), concentration, extraction with
tetrahydrofuran, concentration, and drying was o produce the vellow/orange solid
product (7.46 g, 93.3% vield, 97%), which was analyzed by 1H NMR and LC/MS
to confirm the structure as CFsCH.CH,[(CF2CEF ) CH,CHy) IkOOC(O)YCH=CH-
30 COYO[(CHLCHop~(CFLCF) k-CHCHL CoF s wherein k is a mixture of 2 and 3.

Compound 7

A mixture of ethanolamine {13 g, 28 mmol} and ether (30 mL) was cooled
to 15°C. Perfluoro-2-methyl-3-oxahexanoy! fluoride (33 g in ether 50 mL) was
added dropwise to keep the reaction temperature below 25°C. After the addition,

35 the reaction mixfure was stirred at room temperature for one hour. The solid was
removed by filiration and the filtrate was washed with hydrochloric acid (0.5N, 30

25



mol) and N-methylformamide (8.9 mE, 0.15 moll was heated to 150C for 26 25 hours. The mixture was
cooled to 100 C, followed by the addition of water to separate the crude ester. Ethyl alcohol (3 mL) and
p-toluene sulfonic acid (0.09 g) were added and the mixture stirred at 70 C for 0.25 hours. Ethyl
formate and ethyl alcohol were removed by distillation to give a crude product. The crude product was
dissolved in ethei, waskewith-4 60a:kly) Wweihhaguenis sedivra3esuifrte(vatenand brine, in turn,

and dried over %Q@P%ﬂ%ﬁ%@@oﬁiﬁﬁ"éﬁ}B?[B@EB}{Jﬂ&‘? &%Pﬁ%ﬂ”ﬁb %‘}59(1?@3&?@2(3“2(3“ OHg. 83

% yield): bp 94-95 C at 2 mm Hg (266 Pa). Trans- glutaconlc acid (0.7 8.mmol

C4F9CH7CF26|9%%%€H£@PF(’E BACYIT L HRIOE b?éﬁ%‘?@bt%@?%fé%%%&hg@éeé‘
p-toluenesulfonielatith monebyiffate A0 A 1gs DYS@WN&) amﬂﬁd‘ﬂiéﬁe%lﬁﬁmwmmsm‘red continuously

together and haa&g@tg;eeﬂwa@l,%@)fpr@X@@gj@q(g;ﬁ)l@imﬁ@eg{ggﬁgss‘was monitored by LC/MS and

the removal of \@ager(% fQ % rge/yellow solid was filtered and washed with 5% sodium
bicarbonate soluﬁo% r((natL)*’Eidrf;u6 tratg Wa% separated and the organic layer was washed with 5%

sodium bicarbonate s@ia&m(&ﬁ}m@damd ghen svith seipnized, Swater {FHONHiCTre eombined organic
exiracts were dugf varanbydips MeSIf Sim laluGne wps hercansaialed (14030mmk,

67C). The oran % 85% purit ried in a vacuum oven and analyzed by

SO|Id
1H NMR and L%ﬁiﬂ%}’tyéi‘&%‘?n f?gﬂﬁlé) éf?t?&?&?@ ﬁ&‘&&#’éﬁé@ﬁ%ﬂ?ﬁ%ﬁ@ﬁ?‘m““uﬂusly
CH20C(0)C#41 40K B2 (0)01Cf 3 CHOC B2 :0%20dRYCHRCARg [di0e@ommuimednts! off Ethylene (25

g) was introducediéavan aetiaclavRehargad withe GAAGHRAC Fiad ﬁ?alﬂcg)ea%&%)ﬂmg@éwne (19), and

the reactor hea 4 ur m distillation to provide
C4F9CH7CF7CH%B_1%1%(I§5§%€% B fu??%%‘u%g%dﬁﬁzﬁas a e B £ ﬁ &
CAF9CHiCF2Ch2 Mf’aﬁadrﬁafbﬁé wacg%?eﬁé&)at%‘é@%aw@%a?g %ﬁét‘f‘écé'é]fftﬁf? was quenched
with ice-cold 1.5 gH90NBZSO3EGuEblis sl and Hexted Gt 98 COORTD Gidurs. The bottom layer

was separated aiMby@shed withd vyjt% aqueous sodium acetate and distilled to provide
C4i9CHI9CF2CH2CH20H: bp 54-57 C at 2 mmHg (267 Pa). 20A melt reaction was undertaken by
reacting maIeic%@Inyﬂnmleﬁ(Z 00 g, 20 mmoi) with C4F90HZCF2CH2CH20H (6.69 g. 20 mmol,

prepared as descrlbed‘E Fz TJ;@ reaction as sustalned for a erlod of 34 h, during which
aliquots were taken f 865 Ay “ﬁ?éIWﬁ acsdiia Tih?%cﬁ ‘é%f’ 18°62*492.3% yield. >98% purity)

was analyzed b@ﬁﬁﬁ%ﬂF&hﬂZL@B\)’l@ﬁﬁcﬁﬁfiﬂ’ﬁ%ﬁ@%@u@hﬁé@@e reactor heated at 240 °C
C4F90HZCF7%&M@@(@%@d@(@h@hﬁo@&@p®ut’ﬂ@% distiTbeomaleatai@epared as described

in Example, 13. lu [f : 1) and hexyl
alcohol (1%% g é6 ?%g]é& re“mlx %I tﬁgﬁ‘?ﬁ‘%%ﬁ% \%Emene?ﬁ%%g% g}he lr%lgg)trg?e)’was
CHpl and mixture Was stirred at 60°C for 1. 5 hours. The

reaction was quenched with 1ce-cold 1.5 wt% NapSO3 aqueous solution and

heated at 95°C for 0.5 hours. The bottom layer was separated and washed with 10

wt% aqueous sodium acetate and distilled to provide C4FoCH>CF2CH>CHyOH
25 bp 54-57 °C at 2 mmHg (267 Pa).

Itaconic anhydride (0.75 g, 6.7 mmol), C4FgCHyCF2CHyCHHOH (4.37
g, 13 mmol, prepared as descibed above), p-toluenesulfonic acid monohydrate
(0.13 g, 0.67 mmol) and toluene (50 mL) were refluxed for a period of 19 h at a
temperature of 113°C. The resulting pale vellow liquid (4.53 g, 90.6% yield, 72%
30 purity) was analyzed by 1H NMR and LC/MS to confirm the structure as
CalgCHoCFCHyCHo OC(O)CHy C(=CH2)C(OYOCH2CHo CECHY CyFo.

Compound 9

A mixture of ethanolamine (13 g, 28 mmol) and ether (30 mL) was cooled
to 15°C. Perfluoro-2-methyl-3-oxahexanoyl fluoride (33 g in ether 50 mL) was
35 added dropwise to keep the reaction temperature below 25°C. After the addition,

the reaction mixture was stirred at room temperature for one hour. The solid was

2]
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30 stirred continuously together and heated to reflux at 114C for 19 h. The work-up procedure as in
example | was conducted to produce a clear liquid (7.14 g, 89.3% yield. 98% purity), that was
analyzed by 1H NMR and LC/MS to confirm the structure as
C4F9CH2CF2CH2CH20C(0)CH=CHC(0)0-(CH2)6H. Compound 15 The maleate, prepared as
described in Examiphe:d By @iddtign 20dmmol)i-pioluenestHéanicadiddmenpidiate (0520 @ 1.0 mmol)

and CGR13CHAGHPOH374, 010 Bl Rddeoasilsralann, i jokiens (50,mL.). The

contents were refluxed for % d the work-up procedure was carrled out as’in Eample 1.
The pale yellow§eid (B! 835‘ 72 “}n)ﬁa@qﬁn%% 'ﬁﬂﬂﬁ%@tﬁ%ggﬁﬁt%é‘d‘w YY'NMR and LC/MS to
confirm the fornsatiemmottandideigdiesteruandotre Bightalre@s temperature to give a white
CAF9CH2CF2GIRCH2GO)CHFC HGI)ACH2THRME RIS NExRa Fbemaleaias prepared as

described in Co]q\_p}?#ﬁgo}g 2,821 l% ol %(%%D@%% hjlo qlcohol (IPA, 31 g) were added

together at 50C until the mlxture |ss out 1 mlnuteé Aqueous sodium bisulfite (0.17 g,

1.6 mmol) was Giskareli Wdé%#%@%ép@%u and added dropwise to the isopropyl alcohol
solution, which was th@q@g&{%h@l\cgﬁ% (@@gff%ro%@zﬁo The isopropyl alcohol and water were
removed by rot ion_follow |n ina vacuum oven at 50C to generate a viscous
yellow liquid (1 q@%&@%?@%%%& I@)? Whish WA nRFRaE de besiE tidster sulfonate by
1H NMR and L@hw@)amfyg@ses@lémnﬂmuﬁhembmwé%l 1 g. 0.60 mmol) and toluene (50
C3F7OCF(CF3)@(Q)NéﬂQda&i—lagé€ﬁ@)£ﬁhi3@3@5@3&@)@&9)& QBZQHQ%H@@QF&FQ)OC%? The
product was evaluated f%&@’k‘%&%é%ﬁ%&%‘?@?&?ﬁ q]ea)(& Jal ﬁ thees%n C Tﬁst ethod 1; the results

are shown in Tablflez 20 Exam e maleate, prep ared as descn ompound 2,(7.74 g,

11 mmol) and iSGPFHYI Q&W&F{é&sawv‘éfﬁé gftm\@%aﬁ%mf‘owérm&ééw wwmﬁﬁ@fa@u re was raised
to 61C and therBatsohatiorsfvsodiamlpisdfirel (/B0 gy hithhumolyndidsbiveltipideidnized water (53 mL),

\{Vﬁs adld?d1@fowﬁ}eﬁfdﬁﬂ%gﬁfﬂmm%t&@ﬂﬂﬁ?ﬁﬁ@@a@é%}{&t%@ 16@10@1@@4 R82C 25 f0r|24 h.
e soliutuon w C e I ve t 1ISOPIo a e remainin ale
aﬁ 5§§% &0 E@} Vi t!% gg[;y) um ?Wa:pa B fzeclcb%te \Qﬁ}gﬁ( @i%g gp

yellow liquid w rnéd overnrg tman eaw 8% yield, 98% purity)

and was then aﬁ%WZBUﬂEﬁ/SBS‘}CfP{Wﬁ”éﬁ@fa%)@(@dﬁf F%@%ﬁr@@ﬁ@b as

C4F9CH2CF2CHREKZQE{H)OH2CESO3NEJTCI0I0CH2CH2ER2CH2C4F9. The product was
evaluated for CMC and surface tension beyond the CMC by Test Method 1, 30 with results shown in

Table 2, and s L yclohexane by Test Method 2, with results shown in Table 3. Example 3'

The maleats, prepared @ deopsibe . SATAANINT 28 .t 2Tl Atk ftéSOffSOfV' aigohol cfgl 9)

were stirred cor(lé nru % ? 2C,7WIt |t|on of acg{seous so

dissolved in deibAised Wa nfcf’l_)a%fiié hPABSR g%oﬁﬁd(él%?ﬁctgbhf%e @& 95% purity) was
collected by coneéﬁtrﬁlhglﬁﬁe ”ﬂé‘@ma@!% wisoholiwatey wolutiordistidlttien idriedvida vacuum oven
overnight. The roeicti yzed by i NMRrandak /Mo conpfitqitie piucturecas

C4F°CHZCF2C§*W%§§3¥%#28%§ GO GhiagHZCE2 Hﬁgﬁ 2CaFo. The

product was ev Iuated @M and surtace tension eyon est 1 with results

shown in Table S24KY SPFreAR eh THdFe6RINan &Yy ﬁ“é@@@%ﬂ%‘&‘%‘smﬁtﬁ%éﬁ@ shown in Table 3.
Example 4  Tpmsechaléaté preparbduas déscribearina@ompeosethéidd 40 g Stbdwibl), isopropyl

alcohol (319) and aguerussRAbHRIsHHile: (01239 28 mm@k};g@ssplved _in deionized water (14 mL)
were stired coptinuousiv-{orc 9 b AL B EBRSIALYE o 825 Fis Whits, polid (3369,

Citraconic anhydride (0.75 g, 6.7 mmol}, C4FoCHHCF2CHyCHHOH

30 (4.37 g, 13.3 mmol, prepared as described above), p-toluenesulfonic acid

monohydrate (0.13 g). and toluene {50 mL) were refiuxed for about 46 h at

112°C, after which only the diester was observed in the LC/MS analysis. The

work-up was carried out as in example | to give a paie vellow lquid (2.98 ¢

59.6% yield, >99% purity) which was analyzed by 1f NMR and LC/MS to
35  confirm the diester structure as

CqFgCHaCFCHy CHoOC(O)C(CH3)=CHa C(OYOCH2CHo CFoCHA CyFo.
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15 71.9% yield, >95% purity) was collected by rotary evaporating the isopropyl alcohol/water solution
and then the product was dried in a vacuum oven. The product was analyzed by 1H NMR and LC/MS
to confirm conversion to the diester sulfonate and the structure as
CBF?OCFZCFZCH2CH20C(O)CH2CH(SOBNa)C(O)O -CH2CH2CF2CF20C3F7. The product was
evaluated for Cl&@maodmsiurface tension beyond the CMC by Test Method 1, with 20 results shown in
Table 2, and spreading on cyclohexane by Test Method 2, with results shown in Table 3. Example 5
The maleate, prepare%%’é@%é?%%w&%%ﬁﬁéﬁﬁbt% a(’laﬂfgfda‘ieﬂ? sl idopropyl alcohol (31 g) and
aqueous sodiunt pisulfite((BH292¢7 2 B:ndmdal) digsohead ih gleoniskervater REddanildwere mixed

ggfghersa?nfl{;eﬂ%ﬂ foh&d:8 %@%%dﬁ@ﬁa'é@N&Qﬁéd?é?%@hwfﬁ%&ﬂﬁﬁ%‘ﬁ@ %@ﬂlﬁ the Evh'ﬁ: SNoll\I/IdR .
g, 0 ed. was dried in m ove analyzed by an
LC/MS to confurﬁ"rlh% ! f@éﬁ@glz At e st %Pc%& (SO3Na)C(0)0-
CHch20CH2@H&@@E@BE@F@@@E@WH@&rbmmwg%évmqé@ééﬁoﬁmd: ‘ahevsurfbice 30 tension
beyond the CM&dyidiestMethaticl with testitd $rsommim?wsembg dpangsprradingnan cyclohexane by

Test Method 2yl fegis-hgnandablerfe EEAPIGE. wa B MREalR RIgparedgs described in
Compound 6, (U?E}’;g 8.7 mm # and iso opyl alcohol’(31 g) were heated to 50C until the solid had
[

dissolved in so 7oRULRN %”’Hh%ﬁ? E@E?dﬂﬁﬂli:ﬁgﬁ‘ﬁﬁéoﬁdﬁl g, 8.7 mmol) dissolved in deionized
water (43 mt) viagrahisfehiedo tHe Ghixtend aitd theecontenits (Wéfehafluxed at 82C for 20 h. The

isopropyl alcohol/wate solutl as rem ro in orange/brown solid
(7.229, 87.3% yield, 95 Eﬁ?y?nﬁch%:’ﬁfgv) 7b(¥ é E%‘éqézgg@@% m%%% to confirm the
structure as cz#S@méH@r(@I:mﬂ@ye@HQ@Q@)]@@&@)@H;CH(@@@N&)@(QWG

[(CH2CF12)(CRaGiod) it dBCiH2C2Fhnveneredndism miureoid anekd domizaduatio. The product

was evaluated iGEAddaniace Jansion bevond the Gt Redest Metigeds e results are shown
in Table 2. 10 Exam le 7The |tacona]Ce prepared as described in Co ound 7, gi 4.3 mmol) and

isopropyl afcohS§f{EY (ﬁ%@’&ﬁ?@ﬁ’ o%tlﬁﬂﬁﬂ]%%}lf@g’e‘?w&fe Wﬁ%&)@%gs@o‘hﬁléf? um bisulfite
(0.45 g, 4.3 mmolyitissolvetdn ideionizadwatsraRl anilyanhbuideddiowly fdiéSsolution and the
temperature wagrgisedite #scfer 23 h. The isopropyl alcohol/water was concentrated to leave the

yellow 15 gel- |IK§4§( &Q}@ﬁ% 2“%/@% l_d!+g§[ PP @5 (Wg@yy é@%ea%#(a vacuum oven

overnight analyze H NMRand? to confi e structtire as F3)

C(O)NHCH, CHZ_Q@@MB;(SOIBNa)C(O)OCHZCHZNHC(O)CF(CFS)OCBFT The product was evaluated
for CMC and surface tension beyond the CMC by Test 20 Method I, with results shown in Table 2, and
spreading 8h cyclohexafi@ifie TeseMEth ot 2dvaed Fe stIiioRtNn GhaTeesla8h Example 8 The

itaconate, prepdatgHoaSideSEnped7iniQoampodd8in2idag32 L mmaolhdseprapyeateohol (31 g) and
aqueous sodium.gyslfite (09%8, 2Bkt was isolated by vacuum distillation to provide
Calo(CHyCFr)pCHyCHLL A mixture of CyFo(CHaCFa W CHYCHLI (10 g, 0.02
mol) and N-methylformamide (8.9 mL, 0.15 mol} was heated to 150 °C for 26
25 hours. The mixture was cooled to 100 °C, followed by the addition of water to
separate the crude ester.  Ethyl alcohol (3 mL) and p-toluene sulfonic acid (0.09
g) were added and the mixture stirred at 70 °C for 0.25 hours. Ethy! formate and
ethyl alcohol were removed by distillation to give a crude product. The crude
product was dissolved in ether, washed with 10 % by weight aqueous sodium
30 sulfate, water and brine, in turn, and dried over magnesium sulfate. Distillation
provided the product C4Fg(CH2CFrhCHrCHYOH (6.5 g, 83 % yield): bp 94-95
°C at 2 mm Hg (266 Pa).

Trans-glutaconic acid (0.75 g, 5.8 mmol},
CaFoCHoCFyCHYCErCHYCHOOH (4.54 g, 12 mmot, prepared as described
35 above), p-toluenesulfonic acid monohyvdrate (0.11g, 0.58 mmol) and toluene
(50mL) were stirred continuously together and heated to reflux at 111°C for a
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dissolved in deionized water (14 mL) were refluxed for 22 h at 82C. The white 5 solid (precipitate) was
filtered off and washed with deionized water (50 mL) to , remove unreacted NaHS03. The white dry
solid (2.11 g, 91.5% vyield. >95% purity) was analyzed by 1H NMR and LC/MS to confirm the structure
as C4F9CH2CF2CTI2CH20C(0)C3T15(S03Na)C(0)0C1-17CH2CF2CH2C4T9. The product was
evaluated for Cht& @helf SarfacErtensiansbeyonddhienNE; by Tdstdba Metbad sl withvsesults shown in

Table 2. and spigadiagiofiyeiabexne butestdethedihin syl shan in TaRie. Example 9
The C|traconate ared a desc B (?Tln %hrg@?un 9, % mol), and isopropy! alcohol (31
g) were stirred ¢ %‘rﬁ i ?Fél?/ %?P{é Bhd h P ﬁB?r%egoa\ﬁ?l 8 %h‘éwgrs%ﬁum bisulfite
(0.37g,3.5 mm%sb@sﬁméé%sééwml?@@F\Watéﬁe(%W) (wasbdded despuiisedtocthiesthixture. The
solution was maintainedmt B2(héeoRbined bexseltitonaviasveantentratethandibvg natigeable layers

were observed. Jvas, t ch layer was
analyzed by 11- %E&%U%g@é%ﬁ?ﬁe% i %é%aut%%eéatog% 28(;EJJ g%% es? ﬁ y%)e ér{r)w{ %?ﬁ.lgf The product

was tested in isbpropyI Hicoh Sl At Al PR ARSS %%%Y@SW\H&@“&‘%@TW%%%Q% The results
indicated that th&ﬁbﬂﬁ&nﬂé&éﬂﬁ@@%%&t@@ﬂrm@@m@@ﬁﬁ@ﬂﬁéﬁd@w,Céfp the opposite was

true for the alcotgi- @U@@m@mgim@wmyd%@q% r@qiz falggmgl this would be removed by

filtration when water was added. If any of the starting acid remained this would not affect the surface
tension resifits. Thersottoim fayer (2.62 g, 78. 8% y|eId 85% purity) was analyzed by 1H NMR and
LC/MS to confirm theéiiz{ clture § 3Fggi% uce C(O a2\531 -17 §) g )C3F15(SO3Na)C(
0)0-CH2CH2NTIC(0) Fé‘ ﬁ“i‘ VAR 5 EMC and surface tension
beyond the CM@HW%@Q@@HG%W E) Gl ﬁé&tﬂt@a@@egwdwﬁ)brﬁmbm@r@a@wﬁm@if@”40 The
citraconate, preparfed Eshdescribedpin@ompouse e (2. ¥ecgud. 8isdmeidandpsepdepyl alcohol (31 g)

were mixed tog%fh%@tﬁ@%@mg@wgolﬁsmlﬁrb%&%%wg?émﬁ HEOU3RAUU bighlfte (154 0. 14.8
mmol) was dissol %4 dﬁéo %ﬁ && g5 mL) and adde wise to the iSopropyl alcohol
solution, which & w éf &r&@ 3 82 %ng%‘()ffqﬁ“ﬁm?ﬁéqg §if5yll AIRBHSI dld water were
removed by rotdppeéigspsratopidiewath ise dglihg- inva Sradepi peercar 8t giveE an off-white solid
(1.56 g, 50.8% ¥VielgRurity:>89%) Mhich Washanahizes:by iHNMR-andd GiMSitagpnfirm the

formation of the digster, %Hg&%a;&ﬂnﬁ &p&a%r%&lg&?%eg:fﬁ%g‘lﬁgcFZCHZCHZOC(O)CsH5(803Na) 5
C(0)00- 12CH2CF2CTI2 {_go duct was evaluated for CMC and surface tension beyond the

CMC by Test MEtHOY T2WiATEGIIRSHER i Pablk 2 aMPSrédfindlon cyclohexane by Test Method

2 with resus shown in Fahlecd.Exanele . Teapsealiincanale pisbaed apglessibed i

FC);rr:lpaO und 11, gr%n?(%)gwi%h Cl ggrewg@ﬁ,\%ﬁag%e%{—? gOBrOp %}llc’:n%ho}gre%]éregi ?fgl geggr?tgg to 60C. Atthis

above). The reaction was sustained at 70°C for a period of 34 h, during which

aliquots were taken for GC analysis. The white solid half acid/ester (8.02 ¢

92.3% vield, >98% purity) was analyzed by TH NMR and LC/MS to confirm the
25 structare as CaFgCHpCF2CHyCHAOC(OYCH=CHC(O)YOH.

Compound 14

The maleate, prepared as described in Example 13, (6.68 g, 17 mmol), p-
toluenesulfonic acid monohydrfite (0.30 g, 1.7 mmol) and hexyl alcohol (1.60 g,
17 mmol) were mixed together along with toluene (30 mL). The mixture was
30 stirred continuously together and heated to reflux at 114°C for 19 h. The work-up
procedure as in example 1 was conducted to produce a clear liguid (7.14 g, 89.3%
yield, 98% purity), that was analyzed by 1H NMR and LC/MS to confirm the
structure as CaFoCHaCFRCHaCHoOC(OYCH=CHC(O)YO-(CHy )gH.

Compound 15



solution of sodium bisulfite (0.31 g, 3.0 mmol) dissolved in deionized water (15 mL) was added
dropwise, and the temperature was raised to 82C for 22 h. The pale yellow solid (2.26 g, 78.8% yield,
80% purity) was analyzed by 1H NMR and LC/MS to confirm the structure as

C4F90HZCFZCH‘BQMQ%Q;)G&T‘@-%&S%WQAQ@HZ@HZ@FQQHM&%The product was
evaluated fqr, G:MGapd §HH %5%9&49@ Ogot HEEMGR @«"S %Mﬁg&%lbﬁ 3 t?%“‘fﬁ are in Table 2.

Example 12 The trans taco ate, epare s de rrb di ound mol) was
added to .%B?@ptjrfgre oA P liome B sk RS L S B ﬁ%%r(t? g, 3.0
mmol) dls%Néaqr?@%lbﬁtﬁéﬂiWh@P%i@?ﬁmeﬁéd@ﬂ %r@p@@%@lﬁ)lth51§cﬂ%lﬁdﬁib}h‘ditﬁié¢nixture was
heatedsto 821 {01723 . yidle, pelionusolioys. 94s0in86:3% tyie I, NIa% mdrity) Ma socaltgetediby rotary
evaporatinghs;iseprapvialeaolivatan selutionardanalyzed by 1H NMR and LC/MS to confirm the
structure I- i-1 CP CH CP CHP 2 _ii2.24.i 9.
The producf‘\/\(r;’atslgé’fcxilgl2 EW%@;%ce ten%?(f)ﬁégﬁgy g&Ethe CMC by Test Method I; the

results aregghewi in Table 2. Example 13 The maleate; prepared as described in Compound 13, (4.20

g, 9.4 mmol) and 30 isopropyl alcohol (31 g) were heated to approximately 50C to allow for the solid to

dissolve in solutibh¢ AglfetuBrepuniissistited N growdimictp dissbi/dirm) debitpariater (47 mL)
was transféredliiiide 3ol twrramtidhérgethtentsWerentdfibxed-fordRds ds82Cd Tdmusofropy!

alcohol/watﬁﬁtﬁetutt(gm% Jotany snannsaterhte leaventbs whiteselidd4mltion82:8%:yield. 90% purity)

that was 35.anal g 1H NM nd LC/MS to confirm the stru ture H2C 2CH2-
CH20C(O)18 f[r"‘(gs ﬁ gl &1 %1

wge zso ro solu 101, W %ea?
uct was eva uat’e sur ace tensron beyond

the CMC HK§ %%f‘tt?le‘?ﬂbd r‘é%?ﬂ??%r"écﬁﬁ%?ﬁqﬁ”ﬁmgeﬁe @%ﬁ?ﬂ@ﬁ@‘?ﬁ’ CHIBA R ster, prepared as
described fﬁ“@@fﬁﬁb’tﬁh{ﬂl&&}l’(?.‘1@191,1113@15&%@1&)taﬁméwréwidcamhﬁpmﬁtgl)wé rédstirred
contingousty éagather Bnd heaiediad0Guntilthedio tiguidshacamBsniacitle HAFnEDUsdsodium
?Asulfrtet(Lﬁ@quJél ‘%gggg%)cgmv&g g%ﬁ{g&gﬂ%@@ E@ |/ t@j@ﬁk?f?{@d to the mixtutredanf?

e conten Wwater solution was evaporated o
and the W@gﬁg& %ﬁé)g?%g\gs ééﬁféﬁﬁ%ﬁw Wds dried in vacuum ovenpfor 2 h. The
product was anaiyzegkddtdiknds evaluated for CMC and surface tension beyond the CMC by Test

Method 1; the results are shown in Table 2.

20  Example 2

The maleate, prepared as described in Compound 2, (7.74 g, 11 mmol} and isopropyl
alcohol (31 g) were stirred continuously together. The temperature was raised to 61°C and
then a solution of sodium bisulfite (1.09 g, 11 mmol), dissolved in deionized water (53 mL)},
was added dropwise. The mixture was heated to reflux at an elevated temperature of 82°C

25 for 24 h. The solution was concentrated to remove the isopropyl alcohol/water solution. The
remaining pale yellow liquid was dried overnight in an oven to produce a white solid (6.96.g,
78.8% vield, 98% purity) and was then analyzed by by 1H NMR and LC/MS to confirm the
structure as C4F 9CH2CF2CH2CH2OC(O}-CHzCH(SOgNa)C(O)O~CH2CH2CF2CH2C4F 9.
The product was evaluated for CMC and surface tension beyond the CMC by Test Method 1,

30 with results shown in Table 2, and spreading on cyclohexane by Test Method 2, with results

- shown in Table 3.

Example 3
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NMR and LC/MS to confirm the structure as C4F9CH2CF2CH2CH70C(0)-
CH2CH(SO3NOC(0)0(CH2)611. The product was evaluated for CMC and surface tension beyond the
CMC by Test Method 1, with results shown in Table 2, and spreading on cyclohexane by Test Method

(Zé %th re78ults Shmnﬂﬂ_éﬁae@k%e};?;e? Eﬁ@fmigeé% Coxﬂ'ﬁlﬁéﬁgé,e@.@ifé}%fsg{ﬁﬁﬁr%%égggﬁmfgu”d 15
.789. 7. nd.isopr alcoho a together and heated to or

minutes. Agls?%%%?cﬁjj s‘”c?gfasrﬁ%%ﬁ !?én %999 %.55%;%10 Ea‘?sas%gll\?éﬁ Pneﬁ%llg%lf%éo \E/I\fl;arfer 37 mL) was
added to tREUEIEEEAGad IR diesovsd e desminsd il 2B hdPe8d pERod e i The
isopropy! di:ohel/flater goldtio?tivasrtrameevelhataddy of taicatiegtivolanessybel product (4.26 g,
65% yield 283% pusit)sthatiovas @nalydaciby d:dMNMBaAd LM, taeopfiinctha.stiugidee as
C4F9011%g5ﬂ%ﬁ:5ﬁ@%@}s%@%@gm%g)QSCHZCHZ(CFZ)GF, The product was evaluated
for CMC and tensign. beyond the by Test Method 1: results are in Table 2. Comparative
Example A{% ﬁs%%{e{%%gﬁ%@gﬁ%g%gﬁg{%g?%&f@éiﬁﬁﬁéﬁ-‘perfIuoro-l-octanoi (4.74g. 13 mmol),
p-toluenesulishid 2diahiasdhidiate - TEBHT (@ eongs B0 His fasdM6| eehenBoaiehvvere added to a
flask and teated fie €HX o M96 Matinsdat, Wit Geshite Solution Tudk: Sepadajeckaing @xtracted with two

washings ef3%2qns iR dNcarBanate; (pRekeach Hhe.sRmbined organic extracts were dried over
anhydrous magnesium sulfate, and concentrated to remove the toluene at 140.30 mmHg, (18.7 kPa)

and 67C). Bsasleifcture of the resulting liquid product di(11-1,1H,2R.2H-perfluorooctyl) maleate (4.88

0, 93.4% yield, >80% purity) was confirmed, by 1H NMR a IMS. .

it 1o 2 A B C R et o Lo A M 2SR il b abtive) was added
to isopropPtRRINSl s BHAKR BB R Ordged § firelpetivalerrashinagith continual
stirring. A 6lutionvefseithdisinfite(9.61 th 58 megiissobfe? 6. delenizee witeB(1mL) was 5
added dropwige frihe-solilion:yT Resubiieiassaiivxeshipngs matSfopFNacaregess was checked
oy LCIVS gidiafutingt.addiiens ol aguepus roflumbisuliite @ho1.0,20. Mol was addgd. The
mixture was, refluxed for a tufther 70.3 h. The isoprapyl alcoholwater solution Wis removed by rotary
evaporation Yo SR heR U ORy 7 G, 18 IBsHSHEIF Y998t Aty e U BdRict 10 composition
was confirkradd @G TpORMIRI 2Ad 1P ik HE SeaNmMC QIO L (CH AR+ QT 1 Fperfluoroocty)
maleate-2sodies vesipaikialdldRroNChnhauenal taiaonfoe e MG Tl auHaqe densiandbeyand the CMC

by Tesj Methed &idhg #esWls argshowidn T@?&?&ol%%ﬂ@@fﬁé@ ﬁ’éﬁﬂpb? With result
151H,1H,2 2Higefrgglfogqoctanol (8.02 g, 232 mmol), dicyclohexylcarbodiimide (DCC% (4.27 g, 21

mmol) ancf’%‘cvﬁloro‘me?hane CH2Cl2, 35mL) were added to a flask, equipped with a nitrogen inlet,
overhead stirgpiand two stoppers. The solution was cooled to OC and the citraconic acid (1.28 g, 9.8
mmol) dissolved in tetrahydrofuran (15mL) was added dropwisc. 20 The solution was stirred for 10

min. and then the eaBlcnishEnovelitihnd it fFrpomibh (3-0%aeni forrewh), isenpadture. The
mixture wak:@filte bt aveagigotsBhéinesbikingtedixtire, Waxfiliehad o kemhivé:ihe s@oasof
(15,3(;-di1§Z|(§|(_Eb£Ml)l aﬁ@f&ms(m%g@i?%%ﬂim@x@pmgtmih%%gégg%h%ﬁb@%; tetragyfé%f;rar:j
mla. e a rorucran. ar : W ncen a . m (KFa) an an
the produétb \r/lvgaggE d ﬁ%%%%%%%%?ﬁ%%%@%&%ﬁﬁ&y dé%:g%lﬁ‘:ltr 1\;\7‘/ g%ﬁgﬁﬁg%stﬁ%éﬁg% H NMR and
LC/MS, wiREHIR et daadsrrrehtion tMRaHdd<t M nRrANAFPBESHITBRTAS carried out again but
with the additivfAGTRAGNSHn 61 63-&ldokhdl> PRECASBCHIG BN T8Mimol), DCC (2.63 g, 13 mmol)
and CH2QII,EH L Hvers adved rithe;fiaskangisoalef0M6udibe BPananasstarhat was produced

previoysly,ias,iegisgatveeni-tel sy diriian (Sadhandadded.dranmise o dne.a0lutign. The
work-up mc%%?&?ep\(/vagg lt%%r ésidi\fgt}lod 2, with results shown in Table 3.

Example 6

The maleate, prepared as described in Compound 6, (7.54 g, 8.7 mmol) and isopropyl
alcohol (31 g) were heated to 50°C until the solid had dissolved in
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and the resulting product was a pale yellow liquid (6.46 g, 80.0% yield, 75% purity). The product was
analyzed by 1H NMR and LC/MS to confirm the structure as di(1H,1H,2H,2H-perfluoroocty1)
citraconate. 35Di(1H,1H,2H,2H-perfluorooctyl) citraconate (4.99 g, 6.1 mmol, prepared as described
above) and isopropyl alcohol (32 g) were transferred to a flask and heated to 50C for 10 min. A
solution of aqueailigisadisrsonisialiter (4:R3:g, sbanmreak disselved:in deionized watewas added to the

soluton and hegleghinutelly, (320 o122 Tl soldies disdin an aven quermight (298 o

53.0% yield, 95% urlt he pro duct composition was confi fined b n\ael_%:/MS as the

sodium salt of dﬁfi aéﬁ?z% Bé%r&%ﬁ?@?@’é&ﬁé’@@%wﬁmﬁﬂ&ﬁﬁﬁ@ THOBREdICt was
evaluated for cmcaramrwmwtr@r@t@m beyordgherGMGdid Testhethath Visddtwzesults shown in

Eag lr(; §;a£¢ I\igga@mgm 9y&h@hem§1@riay@&§5wmh@ﬁnﬁ éﬁﬁm@wﬁfosmﬁnl;%%%%ﬁsnﬁ msf’;éative
X [ X

mmol), p- toluenes% Elﬁlaeff’éque ﬁ;gﬁ Olq('}%ﬁl_&%g gﬁ?@rﬁ?(SOOmL) were heated to
reflux for 8 h. AH g}éiéﬁt S%Q&M ? ele}’“é(ﬁﬁrﬁcﬂl)fwafs@ sHdandatier ahiokreflux. The

solution was stlﬁbdmvéumg’msa:twaimdeﬁmﬁémmd Tihéasohetiommias cildited Gnt ethykacetate

(500mL) and waghadthregtimgs with dring (238mL £ach). The combined 15 extracts were washed
with a further washing of ethyl acetate (300mL). The combined organics were dried over anhydrous

MgSO4 andicorieentetdd to Yheldaouniorlespaib(85.8:¢;r8R%iyiClenP8saduritykiThe. structure of the
product was commedﬂamsuﬁrbw&@aﬁd;@/wg @&Q&%&%@%W%Bh@%@ fohexyl) maleate.

Di(1H,1H,2H,2H aleate. 0 red a cribed above) was
added to isoprop 85%‘&%5‘?%??’ gsm Jmﬁ]ea Sud;sr “% ora pen g}a% ‘% rﬁ/ﬁﬁ%%\?}mla{ads became
miscible. A solufiBls’dFdd rﬁ”%‘iﬁ‘}ﬁﬁ@ sy t‘i@ﬁﬁﬂéﬂ%@éﬁl%tméﬁﬁﬁﬁé@&@ﬂéﬂlﬁ mL) was
transferred to tHe Hask: éﬁdﬁth’&ncoMQmByNdn@MMe&ltm&efwnc&h%@df% 2. (b ewhite solid product

restlted after the remoyakALisaproRybeleg léwa’égb HOR (hafh tha 50,08 Yieldo 33% PUTY)- The

product composmon was .c pflt vze%%lﬁ dL%é ast e m salt o
di(1H,1H,2H 2I—Pperﬁuoroﬁ ) Tidleate C 6’3& WEE BV Riated for CMC and

surface tensmn%epyﬂﬁ@ tﬂéF@MC by Test Method 1, with results shown in Table 2, and spreadlng on
cyclohexane byCTeSKME a2, OGtDIEsEts Shown i Tauiei3 B0 CEMEAEENE:
Ethylene (25 g)we?mmm@wmemw ana@l?ﬂe@'m&éfﬁggdﬁéiféﬂc&%é? 95}%

d-(+)- Ilmonene ](;rg he productwas iso lated by

dth tor heated,g é) hours
vacuum distillation rbw e é‘ﬁ’é@l‘f@ ?—\’i%‘l—lﬁli‘ FORMPSIRLEE LER PO ML) Sas added slowly
to 50 g 35 of CAMBE 2T Fpd shoardmirhiredwas stirred at 60C for 1.5 hours. The
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reaction was quenched with ice-cold 1.5 wt% Na2S03 aqueous solution and heated at 95 C for 0.5
hours. The bottom layer was separated and washed with 10 wt% aqueous sodium acetate and distilled
to provide C4F9CH2CF2CH2CH20H: bp 54-57 C at 2 mmHg (267 Pa). Trans-P-hydromuconic acid
(0.94 g, 6.5 mmol), p-toluenesulfonic acid 5 monohydrate (0.12 g, 0.65 mmaol),
C4F9CH2CF2(3x4:20)E20H (4.29 g, 13 mmol) and toluene were added together and the contents
were heated to reflux at 111C for 25 h. The work-up as in example 1 was conducted. The white solid

(3.82 g, 76.4% yield, 9B% HSAtH APy By daeNMRiBr@remns fo Colienthadflbture as
C4F9CH2CF2CHPEHROEG(E) QHRICH atHGH2GL 0)0THAGH BEFACH 2-C4F9mol) The

trans-f3- hydro”wgé?ﬁ@é@u%%ﬂ%@gd%a@&%ﬂbﬁﬁ %pey%ﬁﬁﬁeg &2 Mmmel waspddeeldo isopropyl
alcohol (31 g) an

ated to 6 olutio m bisulfite (O. 5 0 mmol) was
dissolved in deI%(l)’lqlg Hrv&é% EEIV B é?é"r rdk%nﬁﬂév???&ﬁj E@%ﬁ?ﬁ{e‘yﬁfﬁ?gﬁl (45etd to 82C and
maintained for Z@WWH@W&?QE§%@%§%@%&%WB@ atbgn?lilffatiopland e filtrate 15 was
concentrated to;fzﬁmqveam:iﬁom@byl1&&@9’1%1&/\:&4&1&@(9{&i@rbe]ih&fv\lﬁl'ﬁeiﬁﬁﬂdré?a88 g, 89.9% yield, 98%

purity was analyz ‘%% é@;é\@,ﬂé dy}é;g r@jum l_é@gogw B
C4F9CH2CF2CH2CH20C(O)CH? WRSHICEaCHICAES ) e product
was evaluated fOFCNAE%h %?Y&B@E%%E‘?BF?%&B%S&H& By PEEPRA o ﬁe T&8ults are in

Table 2. 20! Corvfséiradve Eikanmpid Shegr P0CRACE 21 d 3084 0e2n msipberikibebz dgperoxide (3 )

were charged to/R{prESsULevess@lsuRdennitrogen 3A series of three vacuum/nitrogen gas sequences
was then executed at -50 C and ethylene (18 g, 0.64 mol) was introduced. The vessel was heated for

24 hour at 110 Exameiafitoclave was 25 cooled to 0 C and opened after degassing Then the product
was collected in a bot The Eroduct }Nagig Stl||§c &3}5 of C%ggg %F%CFZ H2CH21 in 80%
yield. The boiling point was 56 %?Jaéea? 5B f nlflx ure o F2CF2CH2CH71 (300

g, 0.68 mol, prepéield: 8iceeribed aé%vé)(%lha) M—We%ﬁyﬁ QIEWHQBSQBG@L%W s peded to 150 C
for 26 30 hiThen th@useastiohvias coefechto dODUE, Holldlve diay7thesaddithon disadtet ta separate the

crude ester. Ethylialeaiol bl k)n?L JalRneRINARIG A 44:20:0) W%MWQ the crude ester,

and the reaction was stirred at. Inutes. Then ethyl form nd eth hol were distilled
out to give a critEPrEKIE %%hg rg'é{}?cf Lpidd ‘?ﬁ%ﬁﬁ’g ’Q/gla{g‘f?e%oéﬁ efaueous sodium

35sulfite, Wateri'C&i‘ﬁiélS W@Qh'ﬁﬁiﬁﬁdth@nﬁéﬁé’éﬁ m}amg‘ﬁésmhwurm@pwwbeb@ﬁwas then distilled
to give 199 g ovG3MIRECF2eh2Gkl deHR@Kz 1l 85 Ylyield, Thebotingpeintiwaseitby’3C at 40 mm Hg

(5.3 kPay). E!Sa”fraf’epmﬁqmé@%'Be%%%&gt‘r’e‘% g’fﬁép%mf&'r)w%FZQ&'ﬁ%&)(ﬁﬁ}ﬂ et (4.30 g, 13

mmol, prepered a clﬁzcn ed above toJuenesulfonic acid monoh H (0,13 g, 0.65 mmol)
)a

and toluene (50t e %’ﬁ?’?écf“&%ﬁ%&%ﬁ%‘?y ) Vg étfies IHEhesteato FanaseH4 i@‘fiﬁ‘% h). The
work-up was cafitiédhepredystosisces &l pialin yeltenplituish (3801 | 78109y yikdoh@osadolikity), which was
analyzed by 1HJINMRtaned &IMSrtoecanfiinni thenstetrg @& impurity layer contained some
C3F7OCF2CF2g%%Hggg@%lﬂg%@%ggé%@l%&@%% when water was added. If any of the
25 starting acid remained this would not affect the surface tension results. The

bottom layer (2.62 g, 78.8% yield, 85% purity} was analyzed by 1H NMR and

LC/MS to confirm the structure as C3F7OCF(CE3)C(OINHCHRCHy

OC(OYC3H5(SO3Na)C(O)O-CHyCHyNHC(O)YCF(CF3)0CF.

The product was evaluated for CMC and surface tension beyond the CMC
36 by Test Method 1; the results are shown in Table 2.

Example 10

The citraconate, prepared as described in Compound 10, (2.70 g, 3.6 mmol)
and 1sopropyl alcohol (31 g) were mixed together at 50°C until dissoived; about 10
minutes. Aqueous sodium bisulfite (1.54 g, 14.8 mmol) was dissolved in deionized
35 water (15 mL) and added dropwise fo the isopropy! alcohol solution, which was then
heated to about 82°C for about 22 h. The isopropyl alcohol and
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0 CH2CH2CF2CF20C3F7.  The trans-P-hydromuconate, prepared as described above, (3.88 g, 5.1
mmol) was stirred continuously with isopropyl alcohol (31 g) for a period of 10mins at an elevated
temperature of 65C. A solution of sodium bisulfite (0.29 g, 2.8 mmol) dissolved in deionized water (14
mL) was added dropwise to the 15 mixture. The temperature was raised to 82C and maintained for a
period of 22 h. Thecseluticennasconcenimatedia seondvtidhedsopiopylaicobalnamndchthe resulting liquid

was left In a vaciumevs Vgt RS AHE SBI 5842 id. Fibif lbAL) LR Rbtaned was

analyzed by 1H N /IMS to ¢ nflun the structure as

C3E70CF2Clrzﬁf]ﬁ’\é“é‘ﬁg@_ﬁLr Fﬁ‘ék&@foﬁﬁ”@?@tﬂﬁ%%@éocsw The product
was evaluated foHoME mlmmm@mwﬂa@%@wmﬂ@é%ﬂﬁb@ﬂ%he results are shown
in Table 2. Table®yGamparative Examples and Sutase. 1€ psianMPRSUrRITeS eamparative

Example RY ;4%41%%"/%%‘{&%%%@%@'%P‘RX&HQ&M&&”%'\A{[@ SFOIR s Fufh GO -CH2-CH-
( y spreading on cvciohexane by Test Method 2, with results shown in Table 3.

Example 11

The trans-giutaconate, prepared as described in Compound 11, (2.52 ¢, 3.4
10 mmol) was added to 1sopropyl alcohol (31 g) and heated to 60°C. At this point a
solution of sodium bisulfite (0.31 g, 3.0 mmol) dissolved in deionized water (153
mlL) was added dropwise. and the temperature was raised to 82°C for 22 h. The
pale yeltow solid (2.26 g. 78.8% yield, 80% purity) was analyzed by 'H NMR
and LC/MS to confirm the structure as C4FoCH2 CF2CHyCHAOC(0YC3Hs-
15 (SO3Na)C(OYOCHHCHACFoCHA-CyFg.  The product was evaluated for CMC
and surface tension beyond the CMC by Test Method 1; the results are in Table 2.

Example 12

The trans-glutaconate, prepared as described tn Compound 12, (4.08 g, 4.6
mmol} was added to 1sopropyl alcohol (31 g) and heated to 30°C. A solution of
20 sodium bisulfite (0.31 g, 3.0 mmol) dissolved in deionized water (15 mL) was
added dropwise to the solution and the mixture was heated to 82°C for 23 h. The
vellow solid (3.94 g, 86.3% vield, 90% purity) was coliected by rotary
evaporating the isopropy! alcchol/water solution and analyzed by |H NMR and
LC/MS to confirm the structure as CqFoCHyCFaCHoCFACHACHYO-
25 C(O)C3H5(SO3Na)C(O)O-CHACHLCFACHYCFACHA Cy Fa.

The product was evaluated for CMC and surface tension bevond the CMC
by Test Method ; the results are shown in Table 2.

Example 13

The maleate, prepared as described in Compound 13, (4.20 g, 9.4 mmol) and
30 isopropyi aleohol (31 g) were heated to approximately 50°C to aliow for the solid to
dissolve i solution. Agueous sodium bisulfite (0.99 g, 9.4 mmol) dissoived in
detonized water (47 mL) was transferred to the solution and the contents were
refluxed for 22 h at 82°C. The isopropyl alcohol/water solution was rotary
evaporated to leave the white solid (4.14 g, 82.8% yield, 90% purity) that was
35 analyzed by 111 NMR and LC/MS to confirm the structure as C4qFoCHoCF2CHp-
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Comp. Ex. B C6F13 -CH2-CH(CH2- SO3M)- 0.068 16.3 Comp. Ex. C C4F9 -CH2CH- (SO3M)- 0.26
17.1 Comp. Ex. D C4F9CH2CF2CH2- CH2- -CH2CH(S03M)- CH2CH2- 0.33 18.0 Comp. Ex. E
C3F70CF2CF2CF12- CH2-

CHrOC(OYCH)CH(SO3NayC(O)OH. The product was evaluated for CMC and
surface tension beyond the CMC by Test Method 1; results are shown in Table 2.

Example 14

The mixed diester, prepared as described in Compound 14, {7.10 g, 13.9
5 mmol) and isopropy! alcohol (32 g) were stirred continuously together and heated

to 50°C until the two liquids became miscible. Aqueous sodium bisulfite (1.45 g,
13.9 mmol) dissolved in deionized water {70 mL) was transferred o the mixture
and the contents were refluxed for 22 h at 82°C. The isopropyl alcohol/water
solution was evaporated off and the white gel product (6.26 g, 73.3% vield. 98%

10 purity) was dried in vacuum oven for 2 h. The product was analyzed by Iy
NMR and LC/MS to confirm the structure as C4FoCHyCFHrCHoCHoOC(O)-
CHrCH(SOaNa)yC(OYO{CH2)H. The product was evaluated for CMC and
surface tension beyond the CMC by Test Method 1, with resuits shown in Table
2, and spreading on cyclohexane by Test Method 2, with results shown in Table 3.

15 Example 15

The mixed diester, prepared as in Compound 15 (5.78 g, 7.5 mmol) and
isopropy! aicohol (31 ¢) were added together and heated to 60°C for 10 minutes.
A solution of sodium bisulfite {(0.78 g, 7.5 mmel) dissolved in deionized water (37
ml.) was added to the solution and the mixture was heated to reflux at 82°C for a
20 period of 20 h. The isopropyl alcohol/water solution was rotary evaporated off to
leave a colorless gel product (4.26 g, 65% vield, 98% purity) that was analyzed by
IH NMR and LC/MS to confirm the structure as C4F9CH3CFQCHQCHQOC{O}
CHrCH{SO3Na)yC(OYOCHACHA(CFa)gF.  The product was evaluated for CMC
and surface tension bevond the CMC by Test Method {; results are in Table 2.

25 Comparative Examnple A

Maleic anhydride (0.63 g, 6.5 mmol), 1H,1H,2H,2H-perfluoro—1-octanol
(4.74 g, 13 mmol), p-toluenesulfonic acid monohydrate {(p-TsOH) (0.19 g, 1.0
mmol) and toluene (50ml.) were added to 2 flask and heated to reflux for 96 hours
at 111°C. The solution was separated and extracted with two washings of 5%

30 sodium bicarbonate (S0mL each). The combined organic extracts were dried over
anhvdrous magnesium sulfate, and concentrated to remove the toluene at 140.30
mmHg (18.7 kPa) and 67°C). The structure of the resulting liquid product
di{ 1H.1H.2ZH.2H-perfluorooctyl) maleate (4.88 g, 93.4% vield, >80% purity) was
confirmed by 'H NMR and LC/MS.

35
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-CH2CH(S03M)- CH2CH2- 0.88 20.8 Table 2 - Formulae 1A, 1B, and 1C and Surface Tension
Measurements Ex. Ra X Critical-Micelle Concn. (wt%) Surface Tension Beyond CMC I(mN/m)

C3F2OCF(C&,§)198}6U5%53CH2CH2- -CH2CH(S03M)- 0.016 22.0 c-1

10

15

20

25

30

35

PCTE/S2009/G48197

Di(1H,1H,2H,2H-perfluorooctyl) maleate (4.70 g, 5.8 mmol, prepared as
described above) was added to 1sopropyl alcohol (isopropyl alcohol, 31 g) and
heated to 50°C for a period of 10 min. with continual stirring. A solution of
sodium bisulfite (0.61 g, 5.8 mmol) dissolved in deionized water (10mL) was
added dropwise to the solution. The mixture was refluxed for 22 h at 82°C. The
progress was checked by LC/MS and a further addition of aqueous sodium
bisulfite (0.61 g, 5.9 mmol) was added. The mixture was refluxed for a further
70.3 h. The isopropyl alcohol/water solution was removed by rotary evaporation
to produce a white solid. (2.70 g, 52.2% yield, 99% purity). The product
composition was confirmed bylH NMR and LC/MS as the sodium salt of
di(1H,1H,2H,2H-perfluorcoctyt) maleate-2-sulfosuccinate. The product was
evaluated for CMC and surface tension beyond the CMC by Test Method 1; the

results are shown in Table 1.

Comparative Example B

1H,IH,2H,2H-perfluorooctanol (8.02 g, 22 mmol),
dicyclohexylcarbodiimide (DCC) (4.27 g, 21 mmol) and dichloromethane
CH»Cly, 35mL) were added to a flask, equipped with a nitrogen inlet, overhead
stirrer and two stoppers. The solution was cooled to 0°C and the citracoﬁic acid
(1.28 g, 9.8 mmol) dissolved in tetrahydrofuran (15mL) was added dropwise.
The solution was stirred for 10 min. and then the ice bath was removed to allow
the solution to warm to room temperature. The mixture was left to stir overnight.
The resulting mixture was filtered to remove the traces of 1,3-dicylcohexylurea
that was produced as a by-product and then washed with excess tetrahydrofuran
(50mL). The tetrahydrofuran and CHCly were concentrated at 378.14 mmHg
(kPa) and 46°C) and the product was dried in a vacuum oven for 3 hours. The
product was analyzed through 1H NMR and LC/MS, which indicated the
conversion to monoester. A similar procedure was carried out again but with the
addition of another mole of alcohol. The alcohol (6.30 g, 13 mmol), DCC (2.63 g,
13 mmol) and CH7Cly (35 mL) were added to the flask and cooled to 0°C. The
monoester, that was produced previously, was re-dissolved in tetrahydrofuran
(15mL) and added dropwise to the sotution. The work-up method was carried out
and the resulting product was a pale yellow liquid (6.46 g, 80.0% yield, 75%
purity). The product was analyzed by 1H NMR and LC/MS to confirm the
structure as di{ 1H,1H,2H,2H-perfluorooctyl) citraconate.

Di{1H,1H,2H,2H-perfluorooctyl) citraconate (4.99 g, 6.1 mmol, prepared
as described above) and isopropyl alcohol (32 g) were transferred to a flask and
heated to 50°C for 10 min. A solution of aqueous sodium bisulfite (1.53 g, 15
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C4F9CH2CF2CH2C1-1 2- -CH2CH(S03M)- 0.051 18.9 3 C4F9CH2CF2CH2CF2 - CH2CH2-
-CH2CH(503M)- 10.014 20.7 4 C3F70CF2CF2CH2C H2--CH2CH(S03M)- 0.03417.1 5
C3F20CFFIGE20: fiaGH20CH2C142- 1-CH2CH(5031V1)- 0.039 17.8 G /us2009/048197

mmol) dissolved in detonized water was added to the solution and heated to reflux
(82°C) for 22 h. The white solid was dried in an oven overnight (2.98 g, 53.0%
yield, 95% purity). The product composition was confirmed bylH NMR and
LC/MS as the sodium salt of di(1H,1H,2H,2H-perfluorooctyl) citraconate-2-

5  sulfosuccinate. The product was evaluated for CMC and surface tension beyond
the CMC by Test Method 1, with results shown in Table 2, and spreading on
cyclohexane by Test Method 2, with results shown in Table 3.

Comparative Example C

Maleic anhydride (17.2 g, 176 mmotl), 1H,1H,2H,2H,-perfluorohexanol

10 {93.1 g, 353 mmol), p-toluenesulfonyl hydroxide (p-TsOH) (3.4 g, 17.6 mmol)
and toiuene (500mL) were heated to reflux for 8 h. An additional amount of p-
TsOH (3.4 g, 17.6 mmol) was added after 4 h of reflux. The solution was stirred
overnight at room temperature. The solution was diluted with ethyl acetate
(500mL) and washed three times with brine (250mL cach). The combined

15 extracts were washed with a further washing of ethyl acetate (300mL). The
combined organics were dried over anhydrous MgSOy4 and concentrated to yield a
colorless oil (85.8 g, 80% yield, 98% purity). The structure of the product was
confirmed by 'H NMR and LC/MS as di(iH,1H,2H,2H-perﬂuorohexyl) maleate.

Di(1H,1H,2H,2H-perfluorohexyl) maleate (1.5 g, 2.5 mmol, prepared as

20 described above) was added to isopropyl alcohol (32 g) and heated for a period of
10 min. until the two liquids became miscible. A solution of sodium bisuifite (1.5
g, 14 mmol) dissolved in deionized water (15 mL) was transferred to the flask and
the contents were heated to reflux at 82°C for 22 h. The white solid product
resulted after the removal of isopropyl alcohol/water solution (0.98 g, 55.8%

25 yield, 99% purity). The product composition was confirmed by H NMR and
LC/MS as the sodium salt of di(1H,1H,2H,2H-perfiuorohexyl)) maleate-2-
sulfosuccinate. The product was evaluated for CMC and surface tension beyond
the CMC by Test Method 1, with results shown in Table 2, and spreading on
cyclohexane by Test Method 2, with results shown in Table 3.

30 Comparative Example D
Ethylene (25 g) was introduced to an autoclave charged with
C4FgCHpCF2I (217 g) and d~(+)-limonene (1 g}, and the reactor heated at 240
°C for 12 hours. The product-was isolated by vacuum distillation to provide
C4FgCH7CF2CH2CHI. Fuming sulfuric acid (70ml.) was added slowly to 50 g
35 of C4F9CH»CFoCH,>CH2I and mixture was stirred at 60 °C for 1.5 hours. The
reaction was quenched with ice-cold 1.5 wt% NasSO3 aqueous solution and
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C2H5CH2CH21(CF2C F2)1-(CH2CH2)jlk-CH6CH(503M)- 0.02821.1 C F20CF(CF3)CONH -
CH20-12- -CH2CH(CH2S03M)-0.083 18.2 8 C4F9CH2CF2CH2CH 2- -C1-12CH(CH2S031\4)- 0.0095

19.4 9 C3F2QGE(REAGONH - CHECF12- CH(CH3)CH(S03M)- 0.095 25,610 GAkaGkRCF2CH2CH

heated at 95 °C for 0.5 hours. The bottom layer was separated and washed with
10 wt% aqueous sodium acetate and distilled to provide
C4FoCHpCF2CH2CH,OH: bp 54-57 °C at 2 mmHg (267 Pa).

Trans-B-hydromuconic acid (0.94 g, 6.5 mmol), p-toluenesulfonic acid
5 monohydrate (0.12 g, 0.65 mmol), C4FgCHyCF>CHaCHOH (4.29 g, 13 mmol)
and toluene were added together and the contents were heated to reflux at 111°C for
25 h. The work-up as in example | was conducted. The white solid (3.82 g, 76.4%
yield, 95% purity) analyzed by 1H NMR and LC/MS to confirm the structure as
C4F9CH7CF2CHo>CH2OC(0)YCHCH=CHCH> C(O)OCHCHACF2CHp-C4Fg.

10 The trans-p-hydromuconate, prepared as described above, (3.80 g, 5.0
mmol) was added to isopropyl alcohol (31 g) and heated to 60°C. A solution of
aqueous sodium bisulfite (0.52 g, 5.0 mmol) was dissolved in delonized water and
transferred to the mixture. The temperature was raised to 82°C and maintained
for 22 h. The white precipitate was collected by vacuum filtration and the filtrate

15 was concentrated to remove the isopropyl alcohol/water solution. The white solid
(3.88 g, 89.9% yield, 98% purity was analyzed by IH NMR and LC/MS to
confirm the structure as C4FoCH,CFoCHaCHy OC(O)CHYCH(SO3Na)CH-.
CHQC(O)OCHQCHQCFQCHQC4F9. The product was evaluated for CMC and
surface tension beyond the CMC by Test Method 1; the results are in Table 2.

26 Comparative Example E

C3F70OCF,CE21 (100 g, 0.24 mol) and benzoyl peroxide (3 g) were
charged to a pressure vessel under nitrogen. A series of three vacuum/nitrogen
gas sequences was then executed at —50 °C and ethylene (18 g, 0.64 mol) was
introduced. The vessel was heated for 24 hour at 110 °C. The autoclave was

25 cooled to 0 °C and opened after degassing Then the product was collected in a
bottle. The product was distilled giving 80 g of C3F70CFCF2CH2CH»1 in 80%
yield. The boiling point was 56~60°C at 25 mm Hg (3.3 kPa).

A mixture of C3F70CF2CF2CH2CH2I (300 g, 0.68 mol, prepared as
described above) and N-methyl-formamide (300 mL), was heated to 150 °C for 26
30 h. Then the reaction was cooled to 100 °C, followed by the addition of water to
separate the crude ester. Ethyl alcohol (77 mL) and p-toluene sulfonic acid (2.59
g) were added to the crude ester, and the reaction was stirred at 70 °C for 15
minutes. Then ethyl formate and ethyl alcohol were distilled out to give a crude
product. The crude product was dissolved in ether, washed with aqueous sodium

35 sulfite, water, and brine in turn, then dried over magnesium sulfate, The product
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was then distilled to give 199 g of C3F7OCFpCF2CHpCHoOH m 85 % yield.
The boiling point was 71-73°C at 40 mm Hg (5.3 kPa).

Trans-f-hydromuconic acid (0.94 g, 6.5 mmol),
C3F70CF2CF2CHyCH,OH (4.30 g, 13 mmol, prepered as described above), p-
toluenesulfonic acid monohydrate H (0.13 g, 0.65 mmol) and toluene (50mL)
were stirred continuously together and heated to reflux (111°C for 25 h). The
work-up was carried out to produce a pale yellow liquid (3.90 g, 78.0% vield,
99% purity), which was analyzed by 1H NMR and LC/MS to confirm the
structure as C3F70CF2CFCHy CHyOC(0)CHyCH=CHCH»C(0)0O-
CHpCHpCFpCF2OC3F7.

The trans-B-hydromuconate, prepared as described above, (3.88 g, 5.1
mmol) was stirred continuously with isopropyl alcohol (31 g) for a period of
10mins at an elevated temperature of 65°C. A solution of sodium bisulfite (0.29
g2, 2.8 mmol) dissolved in deionized water (14 mL) was added dropwise to the
mixture. The temperature was raised to 82°C and maintained for a period of 22 h,
The solution was concentrated to remove the isopropyl alcohol, and the resulting
Hquid was left in a vacuum oven ovemight. The white solid (3.72 g, 84.4% yield,
87% purity) obtained was analyzed by IH NMR and LC/MS to confirm the
structure as C3F7OCF2CFyCH CHpOC(0)CHR CH(SO3Na)CH2 CHL C(0)O-
CHyCHyCFyCF70OC3F7. The product was evaluated for CMC and surface
tension beyond the CMC by Test Method 1; the results are shown in Table 2.

Table 1 - Comparative Examples and Surface Tension Measurements

Comparative Ry X CMC Surface
Example (wt%o) Tension
beyond CMC
{mN/m}
Comp. Ex. A CeF13 ~CH»-CH- 0.024 13.8
(SO3M)-
Comp. Ex. B CeF13 -CH»-CH(CH»- | 0.068 16.3
SO3M)-
Comp. Ex. C C4Fo -CHoCH- 0.26 17.1
(SO3M)-
Comp. Ex. D | C4F9CH»CFyCHp- | -CHpCH(SO3M)- | 0.33 18.0
CH»p- CH»CH>-
Comp. Ex. E | C3F70CFoCF7CHp- | -CHoCH(SO3M)- | 0.88 20.8
CH»p- CHaCH»n-
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C4F9CH2CF2CI-12CH 2-/ -(CH2)6H 1 1 | -CH2CH(S0311)4)-0.038 16.0 Ra/ Rf
C4F9CH2CE2CIT2CH / 154C172)61-1-CH2CH(S03M)- * Example 13 was measured at pH 3.0. Since
the Ra compound is sensitive to pH. Table 2 shows that the surfactants of the invention gave low
critical micelle concentrations (less than 0.1 weight percent) and low surface tension 5 levels beyond

CMC (less than%lﬁhhmﬁ%wv eNATEBlend Jlovitbstates foprsiomplaesiveErEmples. Comparative

Example C, having-an-Rf.of C4E9.contained.-a-similarfluorine level to the Examples of the jnvention,
but had a far higher CMC value, thus indicating superior performance by the xaﬁ%fé%eof the
invention. Comparative Examples A and Bleach contained an Rf of €584, 10 whfd§ifas a higher
fluorine level than the Examples of the invention. The Examples of t%"fﬁ%ntl n RPRI®NC values
similar to Comparatjve Exampl@s A and B despite th%gower level| of 86@%)\; {huiggch amples of the
invention had fa-ttigherlevel-e fuorine-ef ficieney-in-providing-contparab f ) less
fluorine present. Bey%ﬁh@%%@pﬁ e examples demonstrated
1 - CHyCHp- -CHyCH(SO3M)- 0.016 22.0
CqFoCHCFrCHACH
2 2- -CHyCH(SO3M)- 0.051 18.9
C4FoCH5CFaCHoCE
3 - CHyCH)- -CHyCH(SO3M)- 0.014 20.7
CF70CF2CF4CHAC
4 Ha- -CHoCH(SO3M)- 0.034 17.]
C3F70CFHCF,O-
s | CHCHOCH>CHa- | -CHCH(SO3M)- 0.030 173
CaH5CHyCH[(CFoC
6 F2)i-(Cp CHp ki -CHyCH(SO3 M- 0.028 21.1
C3F70CF(CF3)CONH
7 - CHpCHp- -CHYCHICHZSO3M)- 1 1,083 182
CaFgCHYCFHCHACH
8 2" -CHpCH(CHpSO3M)- | 0 0095 19.4
CaF7OCF(CEF4)CONH -
9 - CHpCHop- CH(CH7)CH(SO3M}- 0.095 156
CqFoCHYCFACHACH -
10 2 CH(CH3)CH(5O3M)- 0.019 16.8 .
CqFoCHyCFCHYCH
1] 2 -CHpCH{SOsM)CHy- 1 g 042 18.0
CyFoCHICFACHACEy
12 - CH>CHy- -CHyCH{SOyM)CH- 0.030 182
R,/ R
CaFoCHyCFrCHYCH
2-/
13 -H -CHCH(SO3M)- 0.064 19.7
CyFgCHHCE2CHACH
-/
14 -(CH2)gH -CHRCH(SOs3M)- | 038 16.0
Ry /Ry

49



15 comparable surface tension. Table 3 - Spreading on Cyclobexane ExHydrocarbon surfactan Trials
(1) and (Il) Spreading on cyclohexan (extent and time) Performance Category SIMULSOL SL830% in
30 s 11) TRITON X100Floats.without spreading Good Fair 3 I) SIMULSOL, St 8 Ili TRITON X100 50%

in 30s 100% i

70% in40s P

30 ep(‘nnldq Good Excellent 4.1) SIMUL SOL _SL 8 [I) TRITON X100 Sink immediately
oor GobdFpEinitipSBr &L g |
2~/ |
15 H(CFo)gk -CHpCH(SO3M)- 0.023 208 |

* Example 13 was measured at pH 3.0. Since the R, is H, the performance of the
compound is sensitive to pH.

Tabie 2 shows that the surfactants of the invention gave low critical
micelie concentrations (less than G.1 weight percent) and low surface tension
levels bevond CMC (less than 20 mN/m in water). Table | provides data for
Comparative Examples. Comparative Example C, having an Reof CqFg
contained a similar fluorine level to the Examples of the invention, but had a far
higher CMC value, thus indicating superior performance by the Examples of the
invention. Comparative Examples A and B each contained an Ryof Cgly3.
which was a higher fluorine level than the Examples of the invention. The
Examples of the invention had CMC values similar to Comparative Examples A
and B despite the lower level of fluorine. Thus the Examples of the invention had
a higher level of fluorine efficiency in providing comparable performance with
less fivorine present. Beyond the CMC all of the examples demonstrated

comparabie surface tension.

Table 3 - Spreading on Cyclohexane

Ex. | Hydrocarbon surfactant | Spreading on cyclohexane | Performance
# Trials (I} and (i) (extent and time) Category
2 [y SIMULSOL SLE 30% in30s Good
I TRITON X100 Floats without spreading | Fair
3 D SIMULSOL SL8 50% in 30 s Good
1) TRITON X100 100% in 30 seconds Excellent
4 Iy SIMULSOL SLS Sinl immediately Foor
) TRITON X100 T70% in 40 s Good
5 Iy SIMULSOL SL8 100% in 6 seconds Excelient
I1) TRITON X100 50% in 30 s Good
7 1) SIMULSOL S1L8 50%in 10 s Good
1) TRITON X160 Floats without spreading | Fair
& I) SIMULSOL SL.8 20% in 26 s Good
II) TRITON X100 100% in 25 s Excellent
10 1) SIMULSOL SL§ 0% in 20 s Good
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[I) TRITON X100 100% in 6 seconds 50% in 30 s Excellent Good 1) SIMULSOL SL8 Il) TRITON X100
50% in 10 sF Good Floats without spreadingFair 8 I) SIMULSOL SI1,8 1 1) TRITON X100 20% in 20 s
100% in 25 s Good Excel lent 10 1) SIMULSOL SE810% in 20 s Good Table 3 shows that the
surfactants of the present invention, when combined with hydrocarbon surfactant SIMULSOL SL8 or
TRITON X100/in an adlebBEH8Mmbi&fon, spréitk morsdaiekly and morBosompletely adross 5
cyclohexane thaq eithel GRMAAAHVE EXampie BsRr €3 Which bottTsank;: Spreading across
cyciohexane is predigtive of an effective fire fighting foam. Table 3 shows that low critical micelle
concentrations and loW'ShfAEE Y &réidn levelsU5&yamd €MC are necesSaseietnot sufficient criteria

for an effective e fightjrgiaaRRdC s1 g Sink immediately Poor
ITy TRITON X100 Sink mmmediately Poor

C Iy SIMULSOL SLE Sink immediately Poor

I TRITON X100 Sink immediately Poor

Table 3 shows that the surfactants of the present invention, when
combined with hydrocarbon surfactant SIMULSOL SL8 or TRITON X100 in an
agqueous formulation, spread more gquickly and more completely across

5 cyclohexane than either Comparative Example B or C, which both sank.
Spreading across cyclohexane is predictive of an effective fire fighting foam.
Table 3 shows that tow critical micelle concentrations and low Surface Tension
levels beyond CMC are necessary but not sufficient criteria for an effective fire
fighting foam.
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CLAIMS What is claimed is: 1.A compound of Formula IA, 1B, or IC (Ra-O-00-)2XFormula IA
5Ra-0-C0O-X-00-0-(CH2CH2)Rf Formula | B Ra-0-00-X-00-0-RFormula 1C wherein Ra is the group
(D'RACH2CF2)d-(CgH2g)-; 10RfOCF2CF2-(CgH29)-; (iii) Rf OCFHCF20(CH2CH20)v-(CgH2g)-; (iv)
RfOCFHCF20(CwH2w); (V)RjOCF(CF3)CONH-(CgH2g)-; or (vi)Rf(CH2)hRCF2CF2)i(CH2CH2)Jik
15each Rfis independently CcF(2c+j); cis 2to 6; dis Ito 3; g is Ito 4; vis 1 to 4; 20w is from 3 to 12; h
is 1to 6; j, and k are each independently 1, 2, or 3, or a mixture thereof; provided that the total number
of carbon atoms in group (vi) is from 8 to 22; CLAIMS

What is claimed is:

I. A compound of Formula 1A, 1B, or 1C
(Rg-0-CO-1X Formula 1A
5 Ry-0-CO-X-CO-O-(CHpCHp)Ry  Formula 1B
R4-0-CO-X-CO-O-R Formula 1C
wherein
Ry is the group
(i) RCH2CF2)g-(Cglag)-
10 Gi)  RfOCF2CF2A(CgHg)-

Gii) R OCFHCFO(CHyCH2O)y-(CgHog)-;
(iv)  RyOCFHCFO(CyHow);
(v) R{OCF(CF3)CONH-(CHpg)-; or
(VRACH )L [(CF2CF2)(CHaCHY)j Ik
15 cach Ryis independently CcF(2c+1);
cis 210 6;
dis1to3;
gislto4;
vis1lto4,
20 w 1s from 3 to 12;
his 1 to6;
1, j, and k are each independently 1, 2, or 3, or a mixture thereof;
provided that the total number of carbon atoms in group (vi) is from 8 to 22;
X is a linear or branched difunctional alkyl sulfonate group
25 “CeH(26~1)(SO3M)-,

wherein ¢ is 2 or 3;
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X is a linear or branched difunctional alkyl sulfonate group 25"Cel1(2e-1)(S31\4)-, wherein e is 2 or 3;
M is a monovalent cation selected from the group consisting of hydrogen, ammonium, and alkali metal,
R is H or a linear or branched alkyl group CbH(2b1 )-; and b is from 1 to 18. 2. The compound of
claim 1 wherein Ra is Rf(CH2CF2)d-(CgH2g)-; RFOCF2CF2-(CgH2g)-; Rf
OCFHCF20(CH2CH2WiGaht2g)-alenREDGE kERA(Swir 8w)eroup <3ndibEngarnhoding@f, claim 1
wherein cis 2 tg 4. .- 4. Tha cempung.of claim 1 wherein Xis CH2CH(S03M), CH2CH(CH2S03M),
CH(CH3)CH(S03M), CH2CH(S03M)CH2, or CH2CH(S03M)CH2CH?2. 5. The compound of claim 2
whereindis 1, g is 2, aoth Rf 48 £kcaran Galnhed alBylTHougO0I0uRd Of chaidn S wherein Xis
C3H5(SO3Na) or CH2CH(SO3Na). 7. The compound of claim 1 wherein Ra is
C4F9CH2CF2CH2CH? triesr taHREF2CH2CH2. 8. A method of altering the surface behavior of
a liquid comprising adding to;ﬁg liquid a c und of claim 1 or a mj r?#h re&.ﬂ 9. The method
of claim 8 wherein the Surfac %ﬁ%@%ﬁg 3%2%88 IlrSYﬁeﬂ?én édg%éﬁ‘ﬁ?t gﬁﬂ‘ Haadthe surface
tension, wettingRgeh&ntliar Gelaatting RVETHGE fiowiity ErinilifyifigHdispessing, repelling, releasing,
lubricating, etchﬁ}g)dm@wm}smﬂizing. 10. The method of claim 8 wherein the liquid is a
coating composition, latex, polymer, floor finish, ink, emulsifying agent, foaming agent, release agent,
repellency agent, flow nodifler cfimpevapofatiom ihmbiminwatihpagent, penetrating agent, cleaner,

grinding agent, electroplating agent, corrosion inhibitor, etchant solution, soldering agent, dispersion
aid, microbial agent, p Ipinggﬁia?’frfﬁgmﬁfgif,lﬁﬁslhm’@e%}éﬁilﬁ%gﬂﬁgé%mposition, drying agent,
antistatic agent (oo HisH, 50RdMBH EFEMCH(SO3M), CHoCH(SO3M)CH>, or

CH>CH(SO3M)CH»CH».

5. The compound of claim 2 wherein d is 1, g is 2, and Rgis CaFy or
C4Fo.

6. The compound of claim 5 wherein X is C3H5(SO3Na) or
CHpCH(SO3Na).

7. The compound of claim 1 wherein R, is C4F9CH»CF»CH»CH» or
C3F7CHCFCHoCH.

8. A method of altering the surface behavior of a liquid comprising

adding to the liguid a compound of claim 1 or a mixture thereof.

9.  The method of claim 8 wherein the surface behavior is selected from
the group consisting of lowering the surface tension, wetting, penetration,
spreading, leveling, flowing, emulsifying, dispersing, repelling, releasing,

lubricating, etching, bonding, and stabilizing.

10. The method of claim 8 wherein the liquid is a coating composition,
latex, polymer, floor finish, ink, emulsifying agent, foaming agent, release agent,
repellency agent, flow modiﬁer, film evaporation inhibitor, wetting agent,
penetrating agent, cleaner, grinding agent, electroplating agent, corrosion inhibitor,
etchant solufion, soldering agent, dispersion aid, microbial agent, pulping aid,
rinsing aid, polishing agent, personal care composition, drying agent, antistatic

agent, floor finish, or bonding agent.
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