TrrLE FLUORINATED ESTERS BACK_GROUND OF THE NVENTION Historically, many fluoroalkyl
surfactants were based on the perfluoroallcylethanols, F(CP2CF2)qCH7CI-P20H, the so-called
-Teloner B alcohols", where g was typically about 2 to 10. The Teloraer 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
F(CF7CF2)iCH2CH20000CH2CH(SO3Na)000(CH2C112)( CF2CF2)e, where q is as defined above,
prepared by firstly reacting two moles of one of;mage perfluoroalkylethanols with one of maleie
anhydride and, secondly, reacting the diester product with sodium hydrogen sulfite solution, as
described, for instance, by Yoshino RIAIGRISWIFaREERANg polyfluoroalkyl chains. Il. Syntheses of

anipnic surfaqtants .having two _ lyflu olee | l[)cggm 'rﬂ%ﬁ) .'f|uor_omethylngoup at each tail_and
their flocculation-re:dispersion g\%é%%ed‘magnﬁe—pwﬁgcles in water", Journal of Fluorine
Qhemistry (1995), 7@{&)3.&;@115-,Qﬂan\yanﬂﬁmyladmmmﬁsdv@amml@smherein qwas 2, 3, and 4 for use
I Supercgtoaksaling e ostina o ceperiu aled stactanadpsheren boh nd groups
twin-aled sUTSHRS 0 %%%Wﬁ%@éﬂﬂ%ﬁ%fl-%f.cmgaalﬁf&%q&% Rh wherein Ri s a
fluoroallcyl grEtiF IERHTEPCHRHETRCENGREFHSRERE Ahd X2 AP ffﬁéisgm"eo%r _n‘%&ent divalent linking
oups; NI is H, ekl metdtartararr Salkelnreafth rbeat '8y airrisifu i Riiedn allcyl oup; niis an
integer of | to &BypAnduphandighaieaach 0 or 1. Acosta et al. in US Patent 7,385,077 disclose
surfactants ofgarmuia REANIRHDGCHINCLELOQ)cbB)crigovhereinjomndd are 1 or 2, nis 0 or 1.
R is H or C1-Q4 allcyl. A s 05 G():0:8,.B1d5 astarminal flugrnated GEo0upead Rayds an alphatic group

TterUpted O SR Y3 A AR 1B, oo G COMMAO I ID, PRiflucroalicylethanols
used to make*such suffactants’is a multi-step process using tetrafiugroethylene. Tenafluoroethyiene is

a hazardous &HEFExPRASY S IHEAHEt S RRFP PSS b AR TP B haB% Brovide fluorinated
surfactants thay Ysehiessornéntetrathisrge thiyiose 35 e plepaieidh. fiistEsss Gesirable to provide
new andimpravedif vatinated surdactantsdlyiviuchliheé grerfiuondalicog graingeofmhégrior arc is replaced
by partially flupsigateshiarminakgrerps thakieauiadpssitatraflupraethyleneand show increased
fluorine efficiepcy, By. "flyqrine;etficiency is-meantihe.abiitdotse @gpinimum gmount of

fluorochemicat to obtain a desired surface effect or surfactant. pro rtes when applied to substrates,
or to obtain bé%er%%%%ﬁécé“qﬁn%%Tﬁ ar?ﬁ{gss‘ﬁﬁ%ellgv%fvgf ﬂuagr?r%(.e A%o Sem}'%r having high fluorine

efficiency aenBtBEs e SR8 6t Hidate REGEIDT SR8 BB Lg% R amount of fluorine than a
comparative pohmisrbThensrexems ifvdubH provides Saenigipreved fluorinated surfactants.
SUMMARY Nagai et al. in US Patent Application 2008/0093582, describe twin-tailed

surfactants of the structure Re{CHoln1-L Xi)pl-CH(SO:z,M}{XZ)ql =By

whersin Reis a fluorealkyl group that may contain an ether bond, X1 and X2 are
the same or different divalent Linking groups; M 18 H, an allcali metal, half an

25 alkaline earth metal, or ammonium, Ry, is an alicyl group; nl is an infeger of 1 to
10; and pl and gl are cach 0 or 1. Acosta et al. in US Patent 7,385,077 disclose
surfactants of formula R, [N(R)p-(-CHA)-CHr-C{0)-O-B) m}d wherein m and d
are Lor 2, nisOorl, Ris Hor C;-Cyg allecyl, A is H or —C(O)-0O-B, B is a terminal
fluorinated group, and R is an alphatic group interrupted or substituted by a

30 hydrophilic group.

One common route w perfluoroalkylethanols used o make such
surfactants is & multi-siep process using tetrafiuorcethylene.  Tetrafluoroethyiene
is a hazardous and expensive intermediate with limited availabiisty. ltis
desirable to provide fuonnated surfactants that use iess or no tetrafluorcethylene
in their preparation. It is alse desirable to provide new and 1mproved flucrinated

L3
i

surfactants in which the perfluoroalicy! group of the prior art is replaced by

1
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In one aspect, there is provided a compound comprising Formula 2A, 28, 2C (Ra-O-CO-)2irFormula
2A R0O0000(cM2cH2Formula 23 ORa-O-CO-Y-00-0-RFormula 2C wherein  Fla is the group (i)
Rf(CH2CF2)d-(CgH2d-in formula 2B and 2C; (ii) RFOCF2CF2-(C81-12g)-1n formula 2B and 2C; (Hi)
RfOCFHCF,0(C1-12C-5-.31201)v-(Cg1-129)-; (iv) RFOCFHCF20(C,a,H2w)-;
RfOCF(CF3)001NrH-(Cgl-12r,-); or (vi) Rf(OH2)BROFICF-fii(CH2C1-1.2)ilic; each Rfis
independently Celi(2a+1.); c is 2 to about 6; d is Ito about 3; g is 1 to about 4; v is 1 to about. 4; w is

nom about 3 to about 12; his | to about 6; i, %ﬁéﬂnd lc %rieesg%&pal L%eg) n egglxl1%sgcg,r 3, or amb:ture.,
thereof; proviged i dRHEEEITIMbET SR BoN Aoms in group (Vi) Is from about 8 to about 22;
y is a linear orchreedHadrieadicitsaviriy olRamELHEsIR S0l DEFRE BBIHNIR-BEL(2e-2)- wherein e is
2 or 3; R is H ghadineatambrantheddiylgion ot A ¢eHtaicyy 98 $fet 9°to about 18. - DETAILED
DESCRIPTIQN: Hetelrfademasks ansishewsibanippe hcase 2 bhecsprdctantsmade using the
compounds of the present invention have the structure of Formulae 1A, 1B, or (R5-0-00-)2XFormula.
|IA Ra-0-00-X-00-0-(CH2C1-17)Rf Formula ID Ra-O-CO-X-20-0-R14ormula 1C 30 wherein AMENDED
SHEET R is H or a linear or branched alkyl group CbHf2b+1)- wherein b is from 1 to about 18,
preferably from about 6 to about 18; each Rf is independently CcF(2c+1) having c of from about 2
to about 6, preferably from 2 to 4, and more preferably 4; 5X is a linear or branched difunctional alkyl

sulfonate group -CeH(2e-1)(S03M)-,
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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; Ra is selected from the group consisting of
structure (i) through (vi) 10wherein Rf is as defined above, and g is 1 to about 4, preferably from 1 to 3,
and more preferably 2: (()RACH2CF2)d-(CgH2g)- wherein d is | to about 3, preferably from 1 to 2, and
more preferably 1, RFOCF2CF24CgH2g)-; 15(iii) Rf OCFHCF20(CH2CH20)v-(CgH5g)- wherein v is Ito
about 4, preferably from 1 to 2, and more preferably 2; (iv) RFOCFHCF20(CwH7w)- wherein w is from
about 3 to about 12, gige%r_%bl .éﬁ)%éto'@pgi sroreiRsafenabhndhdii@CH(CF3)CONH-(CgH2g)-;
or 20(vi) RA 7 )Cly\f %C{-(Z)OKW %reir%&j:s J19.abquL6 . prefergbly from 1 to 3, and more
preferably Eeaﬁ@tﬁsj?jéﬁa“kﬁé’lregﬁ'ﬁgﬁ %“éﬁéﬁlger?ﬁy 1,2, 0r3,ora miégure tpereof, preferably 1 or 2,
and more prafetablyc prowidediRAPHE Hal HEHGSrBreLiBoR aloms in group (vi) is from about 8 to
about 22. 25The piefereskRagraupsiare (i), (if), (i), and (iv). Preferred embodiments of Formula 1A,
IB and IC are those wherein Ra %\%\1 Yl 1) Rf(CH2CF2)d(CgH2g)-, (i) RFOCF2CF24CgH2g)-; (iii)) Rf
OCFHGFZO(CHZCHZ)Y(CgHZg%*mgbv%'%-, "RFOCFHCF20(CwH2w)-: when ¢ js % 4; and X is
CH2CH(S03M), GH&@HQ%@B@BM?,NDH(@-I%?QIPF{‘SG@WF%‘WE@P?MM% g , or
CH2CH(S03M)CH2CH2. More specifically preferred embodiments of Formula 1A, 1B and 1C are
whendis 1, gislor 2, and Rf iS C3F7 Or C4F9. Also specifically preferred are compounds wherein Rf
is C3F7 or C4F9 and X isFG3M5G@3Na) or CH2CH(SO3RE™ Hhé tompound of Formula 1B wherein
Rais C4F9CH2CF2CH2CH§_(8{ c‘?ggﬁ_gz&gﬁg%guz ang-RfiidsfCF7)6F is also preferred. A
preferred embodiment of Fo mu?a A{Ra0CO-X-COORa) is
C4F9CH2CF2CH2CH20Q(0)C3H5(SBBNEIC(0)0CH2CHZRP2E1IZCAF9. A 5 preferred embodiment
of Formula 1B is C4AF9CH2CF2CH2CH20C(0)CH2_ CH(SO3Na)C(0)0CH2CH2(CF2)6F. A preferred
embodimentwiFdmula IC is CAF9CH2CF2CH2CH20C(0)CH2CH(S03Na)C(0)0(CH2)6H. The
surfactants of Foimylac 1A, 1] Rz@g é%gf@gzop%mmgmQt,tgtyaﬁh}{grﬁemmaﬂpiirfmheirlpiéﬁaﬁa%fbn
and provide cor%:iéf%?é OFi pfovéd Osurfad ant properti SUS rorart surfactants derived from
Telomer B aI@ﬁhB&@Gﬂ%@é@%ﬁ?@?&ﬁﬁga@{?ﬂgE 18/ gﬁ%? CIql\éﬁgfriaﬁpr spared via the

(v} R§OCT(CF3)CONF-(Cgling); o7 (V) ReA(CHp[(CFaCF(CHaCHR ) B
» each Reis independently CcF(_'?.c—‘rl)? cis2io aboui s d is'I té about 3; g‘

15 1 1o about 4; vis 1 to about 4; w is From about 3 to gbout 12; his | to about &1 1,

3, and k are each independently 1, 2, or 3, o a mixtore thereot, provided that the

i Y 15 § } 79
total number of carbon atomms I grouDd {vi)is from about 8 to about 22

% ig g linear or branched diradical having olefinic unsaturation of the
26  formula -CeFlne-2y
. wherein eis2 or 3; R is H oralinear of branched alkyl group Cpiliop+1)s 20d
1y is from | to about 1&. '

- DETAILED DESCRIPTION

Hersin trademaris are shown in upper case.

a5 The surfactants made using the compounds of the present invention have
the structure of Formulas LA, 18, ur 1C
(Rgm0-CO-)o X Forrpula 1A
R, -0-CO-X-CO-0-(CHyCHp)Ry  Fonmula 1B

I{a—O—CO—}GCO—DmR Hormula 10

30 wherem
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unsaturated intermediates-of Formulae 2A, 2B, and 2C according to the following Reaction Scheme A:
15 anhydridedi-acid F1(2e-2)H(2e-2) 0=C----Ce----7C0 acid-ester H(20_2:00G--te-----000-H = (3
HOOC----Ce----000-Ra FI(20-2) sgfc---------------- A.- CH:2------ e-2)
R3-000--0e- X OHBMRERBOC---C00-Ra HFormula 20 Formula 2A(2e-2) RIEIEZEL4BYHE-Ra Formula
~ 2B MO3S OS 3M "(2e-1) SO3M Formula 1ARf-00C/e2-01--1)C00-RaFormula 10 Formula 1B WO
2010/002625PC1113220004 8264 ditteauobatuikiedinipnelinies ustdrénthesgreparation of Foilluta

1A, 1B and 1G a8 SaMRnEs ol FImUIR & S Bid B¢

each Ry is independently CcFy2¢+1) having ¢ of from about 2 to about 6,
preferably from 2 to 4, and more preferably 4;

5 X is a linear or branched difunctional alkyl sulfonate group

-CeH(2e-1)(S03M)-,

wherein ¢ 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;

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

(i) RACHCF2)g-(CgHag)- wherein d is 1 to about 3, preferably from 1
to 2, and more preferably 1,

G RfOCF2CF2-(CgHpg)-;
15 (i) Rf OCFHCF20(CHyCHpO)y-(CgH2g)- wherein v is 1 to about 4,
preferably from 1 to 2, and more preferably 2;

(iv)  RfOCFHCF2O(CyHoy,)- wherein w is from about 3 to about 12,
preferably from 4 to 6, and more preferably 4;

() RfOCE(CF3)CONHA(CgHpg)-; or

20 (viy  RACH2)R[(CF2CF2){(CHaCHY)jlk wherein his 110 about 6,
preferably from 1 te 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 atoms in group {vi) is from
about 8 to about 22,

25 The preferred Ry groups are (i), (ii), (iii), and (iv). Preferred embodiments of
Formula 1A, 1B and 1C are those wherein Ra is group (i) R{CHCF2)4-
(CgHag)- (if) RFOCF2CF2-(CoHag)-: (iil) Rf OCFHCEF2O0(CHyCH2 O)y-
(CgHag)-; or (iv) RAOCFHCF2O(CyyHow)-: when cis 3 or 4; and X is
CH,CH(S0O3M), CH>CH(CH»SO3M), CH(CH3)CH(SO3M),

30 CHoCH(SO3M)CHp, or CHrCH(SO3M)CH2>CH»>. More specifically preferred
embodiments of Formula 1A, 1B and 1C are whendis I, gis 1 or 2, and Ryis
C3F7 or C4Fg. Also specifically preferred are compounds wherein Rris C3F7 or
C4Fg and X is C3H5(S03Na) or CHpCH(SO3Na). The compound of Formula



(Ra-0O-00-)2YFormula 2A Ra-O-CO-Y-00-0-(CH2CH2)Rf Formula 2B
5Ra-0-CO-Y-00-0-RFormula 2C wherein Ra is the group (i) Rf(CH2CF2)d4CgH2q)-; (ii)
RtOCF2CF2i§C H2g)-; 10Rf OCFHCF20(CH2CH20)v-(CgH2g)-; (iv) RFOCFHCF20(CwH2w)-;
(V)RJOCF(C¥S) @EI%§€égH29)-; or (vi) RF(CH2)hRCF2CF2/i1CH2CF 12 P R hdependently
CcF(2c+i); 15c is 2 to about 6, preferably from 2 to 4, more preferably 4; d is 1 to about 3, preferably

from 1 to 2, mame wreferakly il (g s CHOE {urBlTab! v O -AC1a-8 IR0k OreferabRy 2; v is 1 to about 4,
preferably frorra@l:t)(gﬁ’)i3 A g{%@@ly 2, w is from about 3 to about 12, preferably from 410 6,
more preferably 4;,20h 1s 1 t0 about 6, preferably from 1 to 3, more preferably 2; j, and k are each

independently 1, 2, oA3yefearatititireithere of, Finefeiably RoOZ.OEPOHerably 1; provided that
the total number of carbon atoms in&rou&éz\%is from about 8 to about 22: 25Y is a linear or branched

diradical havin§4B¥sRR bGiaédHafdfieR o ﬁ%&%@ﬂé&ﬁ%ﬁ%ﬂ&&%‘z%’ 8r 2 preferably 2; R is
H or a linear opbrneHedbiidyingroop Kobhd(@ 1B+s S48t i€ Fps i 3G dioi@) (8] preferably from 6 to
18. tinted: 12/Q%{203 ORESORAMBUE2Q09048204 ¢elid2 43nBddkhersbrfagtants of kouuula 1A are
prepared by reachng Weimales 9t oc(0)CH) CHS03Na)C(0)O(CHy)gH.

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

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

15

anhydride di-acid
H(2e-2) Hize-2)
o=c—Ce~C=0 HoOC— Ce~—CO0-H
O \ acid-ester /
Hi2e-2)

HooG—Ce~COO-R,

Heey < VL T g@e-Z)
R,-00C— Ce~—~COO-R, ROOC—Ce=—~COO-R,
d

Formula 2A Hize-2) Formula 2C
R-00C— Ce~~COO-R,
i Formula 2B
MOgSl /8031\/!
—Ce~CO0-R
Ra_ooc/ce\coo_Ra SO3M ROOC H{28_1) a
H2e-1) )
Formula 1A RrOOC/gE\COO-Ra Formula 1C
(2e-1)
Formula 1B
Scheme A



fluoroalcohols of formula Ra-OH wherein Ra is defined as above with one mole of an unsaturated
linear. or branched dibasic acid of the structure (000H)2 or its anhydride of Formula 5e_2) N\ 0---0
0=0Formula D VV 0 awherein c is 2 or 3 to form the unsaturated diester of Formula 2A as an
intermediate’ REtHI4EFr carboxylic acid esterification are conventional %%T&iééﬁl?gé“é’ﬁz% Jain and
Masse in "Carboxylic acid esters: synthesis from carboxylic acids and derivatives" in Science of
Synthesis (2006), 200hd #ds#ditAniacichalitalysised tehygrafingtagestt Fsmprefetred®hen reacting the
free acid groupgwith 1palgahals A Bexampie o amagigratalyst is p-toluenesulfonic acid in toluene,
and an example of a dehydrating agent is dicyciohexylcarbodiimide in methylene chloride. Preferred
unsaturated dibasic acids afi£0+&3poiding anhydrides ardonaig:it2 faconic (methylenesuccinic acid),
cirraconic (methyhnaleic acid), trans iutaconie@(ﬂHOOOOHZCH:CHCOOEI), and
trans-beta-hydromuconic 7G¢FU66ON A& LSRR OEf §E%td anhydrides. The unsaturated
diester of Formula 2A is theg repetgdwih_aapeous sodium kydrogencsulfite to fOtLt the sulfonic acid.
Sulfonation techniques are described by Roberts in "Sulfonatiou Technology for Anionic Surfactant
Manufacture", €lrgainic Process Research & Development 1993, 2, 194-202, and by Sekiguchi et al. in
US Patent 4,545,939. 25Alternatively, the olefinic precursors described above can be converted to the
sulfonates of Formul&e $AR% 8/%Rd 10 by the addition of sulfur trioxide to the double bond. The free
sulfonic acid can be W@ﬁfé@ﬁ@% or the sulfonic acid can be converted to the ammonium
salt, the alkali metal salt, oi an‘a alifie &rth metal salt, and preferably to the sodium salt. Those
skilled in the aftiill m%gﬁﬁg@lgﬁgglﬂlfonation methods, such as those described by Roberts and
Selciguchi (above) are applicable and are included jn the present invention, Addition of the sulfonate
group acrdss tﬁﬁ)dou%féyf%%cgﬁ%%%@é% v2BeH2e 20 to make the surfactants of Formulae IA, IB,
and IC results {Mhe @Mﬁ@pﬁé{@gﬁﬂ%\gmem and regio-isomers. For the purposes of the present 6
invention, all the isomers are equivalent and all are nc uded in the definitions of Foonulae 2A, 2B, and
2C. The suifactagsTROIUIAENIB(Gpt 1©-are prepared by reacting one mole of a fluoroalcohol of
formula Ra-OH with one mole of an unsaturated linear or Sbranched dibasic acid anhydride of the

structure of Foftula BRGNS gat & een about 50 - 85C). The esterification is then

continued at a highertemp: @;H&%;g@w%@gpg% 00 - 120C) with a mole of a fluoroalcohol,
preferably of fomnila RFCH2CH2-0H, to producé Foimula 2B, or a mole of alcohol of formula R-OH, to

produce Aérmula 2C cAnY tofhaerfetyatrably from 2 to 4, more preferably 4;
d is 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;
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;
20 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,

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

25 Y is a linear or branched diradical having olefinic unsaturation of the
formula -CeH2e-2)
wherein e is 2 or 3, preferably 2; R is H or a linear or branched alkyl group
CoH2b+1) and
b is from 1 to about 18, preferably from 6 to 18.



—— 10conventional fluorinated alcohols are suitable for use at this point of the process. This is followed §

rintdd® apME20Me opening of the anhydridle3fag M khe first esterification is a faster

conversion to the sulfonates. The anhydride is preferred in the preparation of sur{g@a of F

second esterification of the intermediate acid ester. As indicated above, in the second 1Sesterificat
acid catalystmergehydrating 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. The !
surfactants of Formula IA can also be prepared using two additions of the same alcohol and the

two-temperature progediie desarilfed-fornFormelaertBPOamdIG: FolowedbyTconversion to the
sulfonates. Iﬁggy@mghmgsowgnﬁggg@{mw@ejﬁln@t@mﬁm&e% Minturesiobsurfaietants of compositiorts

of Foiltulae I 1B and NGt Qlesat ,0f two or more of Ra-O

$1530 @%PJ&RQ’(&F@%&% ngdweun SRS, ,
RfCH2CH2-0 uhéaﬁ“(a)m alh e two oles of a mixture of two or more 25alcohols are reacted
with one moiggpgﬂlﬁsﬁftﬂ%%i ﬁ gér SFiranched dibasic acid of the structure CeH(2e_2)(COOH)2,

or its anhydride (Formula D) as desc:]fé@@dea_;_bove 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. Such sepérafions are not preferred. 30Alcohols containing the Ra group 00;
of RACH2CF2)d-CH2CH2- usefgLin theqdawmention includertfesflisdrinated telomer alcohols of fmmula]

(V): Rf-(CH2CF2)g(CH2CH2)r-OH(V) wherein Rf is a linear or branched perfluoroalkyl group having 2
to 6 carbon atoms, and subscripts g'and r are each independently integers of 1 to 3. These 35 telomer
alcohols are available by synthesis aggording to Scheme 1 wherein Rf, g and r are as defined for

Foimula (V). WO 2010/002625 CH2=CF2 Art --)a- PCT/US2009/048204 R1 (C H2C F2)(11
CHT-CH2 wherein & is 2 or 3 to Glouthe unsaturated diester of Formula 24 as an

imtermediate. Methods for carboxyiic acid esterification are conventional as
discussed by Jain and Masse in “Carboxylic acid esters: synthesis from carboxylic
acids and derivatives® in Science of Synthesis (2006}, 26b, 711-723. An acid
catalyst or dehydrating agent is preferved when reacting the free acid groups with
15 aicohols. An example of an acid catalystis p-toluenesuifonic acid in toluene, and
an example of & debydrating agent is dicyclohexylcarbodiimide in methylene
chioride. Preferred wnsaturated dibasic acids and corresponding anhydrides are
mateic, itaconic (methylenesuccinic acid), citraconic {methylmaleic acid), frans-
ghutaconic (HOOCCHyCH=CHCOOH), and frans-berg-hydromuconic
20 (HOOCCHLCH=CHCHCOOH) acids and anhydrides. The unsaturated diester
of Formula 2A is then reacted with agueous sodivm hydrogen sulfite to form the
sulfonic acid. Sulfonation technigues are described by Roberts in "Sulfonation
Technology for Anionic Surfactant Manufacture”, Organic Process Research &
Development 1998, 2, 194-202, and by Sekiguchi et al. in US Patent 4,543,939,
Alternatively, the olefinic precursors described above can be converted to the
sulfonates of Formmilae 1A, 1B, and |C by the addition of sulfur trioxide o the
double bond. The free sulfonic acid can be used as the surfactant, or the sulfonic
acid can be converted to the ammonium salt, the alkali metal salt, or an aikaline

(2]
LA

carth metal salt, and preferably 1o the sodinm salt, Those skitled in the art wil
30 recogmize other sulfonation methods, such as those described by Roberts and
Sekiguchi (above) are applicabie and are included 1o the present invention,

Addition of the sulfonate group across the double bond of Formulae 24,
2B, and 2C to make the surfactants of Formulae 14, {B, and 1C results in the
formation of storeo-isomers and regio-isomers. For the purposes of the present
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(CH2CF2)q(CH2CH2),0H -4 Rt(CH2CF2)q(CH2CH2)1 (V)H20(VI) Scheme 1 The telomerization of
vinylidene fluoride with linear or branched perfluoroalkyl iodides produces compounds of the structure
Rf (CH2CF2 (1)1 5 wherein, g is 1 or more and Rf is a'C2 to C6 perfluoroalk oup. For example, see
Balague, et HIEER of fluorinated telomers, Part 1, Telomerization E?éﬂ%ﬂfﬁéﬁﬂ%g?ﬂ?onde with
perfluoroalkyl |od|des", J. Fluorine Chem. (1995), 70(2), 215-23. The specific telomer iodides are
isolated by fraghieaalodistillatioehbe ietomnsr didesi ateairerieaddadth eibylefdtanpsocedures
described in t%ﬁ%g@}@ﬁ?% 469to provide the telomer ethylene iodides (VI of Scheme 1) wherein r
is 1 to 3 or more. The telomer ethylene iodides (VI of Scheme |) are treated with oleum and hydrolyzed
to provide the corresptrdinéstelomef Bicohbdls [ aiSchemertpaecd brding: togpoocedhices disclosed in

WO 95/11877. pliermaiurbhdhertelomer eiuienadosides Y boimchamea it (b reated with 15
N- methyl rm%mld%fgﬁqowe}g e?c){ dag%/(y I oh amgmh drooﬁgP P e Rf}) roup of Formula (ii),
olso

RfOCF2C (Cg IS ODtaie r:éﬂ)garlnzaﬂuoroa ormu a RFOCF2CF2-CH2CH20H
which are avaurﬁm@ewé%m@%@r ct?%ﬁw;?;éi@@ﬁwﬁst@nﬁ@aws@ﬁched C21to C6
perfluoroalky! dyitiamatiypotaxepiedinyoaeto tifecldGenidtamsand g R@isainadmééger of 1 to 3: IC

gEoFggzgiz%Fe%elafrpo%ggﬁgﬂ WRRBOOIE 3Rt 2romula 028, gowRr
walter eme nte
oo op - RS, B o A A MR

16 conventional fluorinated alcohols are suitable for use at this point of the process.
This 1s 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

15 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.

The surfactants of Formula 1A can also be prepared using two additions of
the same alcohol and the two-temperature procedure described for Formulae 1B
20 and 1C, followed by conversion to the sulfonates. However, this two-step
procedure is not preferred.

Mixtures of surfactants of compositions of Formulae 1A, 1B, and 1C can
be prepared by using two moles of a mixture of two or more of Rg-OH, R¢-
CH»>CH»-OH, and R-OH alcohols. The two moles of a mixture of two or more

25 alcohols are reacted with one mole of an unsaturated linear or branched dibasic
acid of the structure CeH(2¢.2)(COOH), or its anhydride (Formula D) as
described above for the preparation of surfactants of Formula 1A, followed by
conversion to the sulfonates. Such surfactant mixtares can be used as is or

separated into the component fractions. Such separations are not preferred.

30 Alcohols containing the Ry group (1) of R{CH»CF2)q-CH>CHy- useful in
the invention include the fluorinated telomer alcohols of formula (V):

R-(CHCFy)q(CHoCHy),-OH V)

wherein R is 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

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



The perfluoroalkyl ether iodides of formula. (V of Scheme 2) above can be made by the procedure
described in US Patent 5,481,028 in Example 8, which discloses the preparation of compounds of
formula (V of Scheme Z;t?f:om perfluoro-n-propyl vinyl ether. The perfluoallcyl ether iodide (V of
Scheme 2) i&RAPYEYH#H an excess of ethylene at an elevated temperattird HitP i&t&te. while the
addition of ethylene can be carded out thermally, the use of a suitable catalyst is preferred. Preferably
the catalyst is a peroxide catalyst such as @gg_z@;gl peroxide, isobutyryl peroxide, propionyl peroxide, or
acetyl peroxide. More preferably the pgroxide-gatalyst is benzdd(eesokide. The temperature of the
10reaction is ROC limited, but a temperature in the range of 110C to 130C is preferred. The reaction
time can vary with the catalyst and reaction conditions, but 24 hours is usually adequate. The product
is purified by any means that separates unreacteci starting m{eﬂab#ﬁﬁm the fmal product, but
distillation is preferred. Satisfactory yields up to 8Q%,Qf theory have been obtained using about 15 2.7
mots of ethylene per m@dg@jz@e@{}@gﬁ@yﬂzg@}gr |Q.Qlde,_a tqﬂw@p%rf(@_p%éggland autogenous
pressure, a reaction time of 24 hours, and purifyingiihe product ?by istillation.. The perfluoroalLkylether
ethylene iodides (VI of Scheme 2) ¥Pe treated with oleum and hydf8lzed to provide the corresponding
alcohols (VII of Scheme 2) 20according to procedures disclosed in WO 95(11877 (EIf Atochem S.A.).
Alternatively, the perfmoroallcylether ethyl iodidekeganibe heated with N-methyl forrnamide followed by
ethyl alcohol/acid hydrolysis. A temperature of about 130 to 160C is preferred. The Ra group of

Formula (jii), R.f OCFHfe k28(Rri26d8 ) vt Qedkhigioisipreprigd R reastinga fluorinated vinyl ether
with a polyethylene glycol. Typically the vinyl ether is slowly added to the glycol in a. molar ratio of

front about 1:1nerBewgalbl gk asiduseaprupoundsifdhesensaristafdintéd)ig the presence of
sodium hydrideyerioh) isialoatalyst thaligibasia enoyghrtugenateroapilibsiuraapieunts of the.
alkoxide anion from ine giveql. Fiiapia hasgd0caialseinclude PRIAsSIR Jpydride, sodium

amide, lithium amide, potassiym fert- bytott ide, _potassium hydroxide. eaction is conducted
Cder an thert SRDEBHB St e BTt SHIRED e s VARG e hogimyformannice.
dimethylacetarfitid). adétehitriles tetealiythioforaipdadrt aioieadcPbsrersivnsldlividtryformamicle.
Cooli_ng i_s empiheeditonpradaiabr ﬁlﬂ&tf&ﬁéﬂi@ﬁtt&ﬂ@eé@éwsem&dﬁmmmeﬁ&to abogt 30C. The_
reaction is p1suglly £anducsed 16 otBrahaU S RwS: HsRINENLS feRasmayed ysing conventional
techniques; sucqlas .eva}ggrtatrl%on in vackigbmton a rozﬁ{ e\(agﬁ.éatp{ tﬁrér%c}%se"s where the product is 9
water insoluble"alid thé Solvent s Water u%Pé?%foe Hon b Th NG P 15 &XEEES of water followed
by separation défa¥ed agjyeleum askhpstaekigrdop peenitsrsrepytsapRdiagistorien Jenethylene glycol
does not alway®/ge Bml&@mﬁlpﬁi@@rdiﬁgta\@bag@f&gﬁeecméd:&mvettswmmﬂme 5 polyethylene glycol
e S B v
polyethylene glycol, roduct,of fluorinated yinyl.ether addin one end of polyethylene glycol (for
example. &ruc u?@%hg?e%%?lgi% FHQJO&% tcf\){fy lfﬂ)cﬁ 3?881€Mr§%‘3?‘adding to both ends of the
polyethylene glycol (f%‘@g%rgﬁjgp gyp@%@aﬂ(ipﬁ@}@@;afpg(g 'nggismdﬁg@@tive amounts of the
components of e, iyt 19 AHSEISABY 16 AR AICRS B ATELS 8Agp R gonditons, and the
way in which the Sroggct IS Isolate 1. ) ) : -

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

C» to Cg perfluoroalkyl optionally interrupted by one to three oxygen atoms and q

20 is anintegerof 1 to 3:

ICH/HF
RrO-CF=CF, s~ RrO-CF,CF;-I
(V) BF, (V)
l CHz=CH;
oleum
Ri-O-CF2CF2-(CHoCH, ) OH == R¢-0-CF,CF,(CH,CHy)4-

VI water (Vi)

Scheme 2



High ratios of the vinyl ether to glycol and long reaction times tend to favor Structure A, shown below.

~Lower ratios of vinyl ether to glycol and ,sg rter reaction times give increased ampuigginatissivre B,
rintedoldI5ERMOand 15unreacted polyett ﬁg’%fﬁ‘gl It is sometimes possible to use tite=differernes i

solubility between Structures A, B, and the starting glycol to do selective solvent extraction of mixtures
to obtaifildziinphesithat are highly enriched in Structures A or B. The alcohol of Structure B is the
required composition for the group Ra (iii). 20ROCFHCF20-(CH2CH20)x-CF2CHFORf(Structure A)
ROCFHCF20-(CH2CH20)xli(Structure B) ~ Polyethylene glycols suitable for the use are i
commercially avaiI%@ﬁﬁh@Si@#Yé%%?@ﬂ}%Wé&%@?Wl."ﬁsiél’ﬁﬁ’c?r'?ﬁé*f’é’a 1 Sther used in the |
above reactignds imasepbycvarie dssmigtiiodd) T Resat hét oS imdirderhakiigftorinated 25vinyl ethers
by reacting ai2zalkaxvproRiomduerdaivastatiananyibed of sciretabtérbonate, a tubular reactor filled
with dried meighsarbanate anderippediuiin asaiey biadedaning thraugh hedube, or a fluidized

bed of metal'carbonate. US Patent Application 2007/0004938 describes.a nrogags to produce
fluorinatéd vfﬁ@‘fté?h%“rﬁbillnrg}é% Si?lﬁigt ?g Bi%/ai}gpﬁon%f f ugﬁegetbvith a%et%é 30carbonate under

anhydrous cBRAEGHEHT RSN OPFEATTSH A8 ]Bkei}/a e Shovehe decs

zbys :
ecar oxylatlon temperature

of an intermeslatéeoafodXyiatebls HrMAESHSGRARSH IS SR EXERRTEE of fluorinated vinyl ethers
suitable for ysedrakideGR30ER=<6E 2rORSCRR20EF=EREIGFSCFIEHI@CF=CF2, and
CFsccmli/f}gﬁgf&@ﬁfeq&?exmmyﬁhm;@f@ywaﬁabﬂe frmtErnbecrRorfttde 35 Nemours and
Company, WIMingion, Rk £H327 3RGTerart i, B2 SiauR.of Femplas(v; RIOCFHCF20(Cw.H2w)-

wherein w is from about 3 to about 12, is prepared. by the reaction of a pstfiiprohydrocarbonvinyl ether
with a dial inlfﬁeéeﬁrrsé%eﬁ%ee%?cgﬁna aﬁié%le%ﬁ&g‘g}%ﬂg%ﬁd.@%é?ﬁ ed ethers include those of formula

.
Rf-O-CF=C P53 R smsaiidroalii SRRy ff%%ﬁ%%‘% 1S The dial is used at about 1 to
about 15 awlsperiiaiutetee siptei iR GTATR ISR S st B hETEisEPTBI of ether. Suitable
alkali metal geetpeshdSainaludesayiciikall medl; afkatoeabtyaieta otkarhyeredbaealkali hydride, or an
alkali amide. Prefered arerialmelas sushasiNa oG:oodaeor atkptidOrhydidex such as Nall: or
ICH. The reagtion is é&ggy%gg&g%ggmggﬁqwaeo@gfmm@p‘gigﬁg@y@g&ﬁ@yi@&e&ﬂ he reaction can

be conducteﬁ%ﬁn‘o tional solvent, such as ether or nitrite. ~ The Ra group of Font ula (v),
RfOCF(CF?;)E‘,1 H-Cn2cHzt, is prepared by making a fluorinated alcohol of Formula 4: 15 (X2)11' X1
1 The perfluoroalkylether ethylene lodides (VI of Scheme 2} are freated with

olewm and hydrolyzed to provide the corresponding aleohols (VII of Scheme 2)

20 according to procedures disclosed in WG 95/11877 (EIf Atochem S.AL).
Alterpatively, the perfluoroalkyiether ethyl iodides can be treated with N-metiyl
formamide followed by ethyt aleohol/acid hydrolysis. A temperature of sbout
130° to 160°C is preferred.

The R, group of Formuia (ifi), R OCFHCF0(CHaCHy Oy~ Celngr , i

25  prepared by reacting a fluprinated vinyl ether with a polyethylene ghveol.
Typically the vinyl ether is stowly added to the glycol in & molar ratio of from
about 1:1 fo about 3:1, preferably at abont 2:1. The rsaction is condmcted in the
presence of sodivm hydrids, which is a catalyst that is basic enough to generate
equilibrium amounts of the alkoxide anion from the ghycol. Other suitable base

3¢ catalysts inchide patassinm hydride, sodivm amide, lithium amide, potassiumn tet-
butoxide, and potassium hydroxide. The resction is conducted under an inert
atmosphere such ag nitrogen gas. Suitabie solvents include dimethyiformamide,
dimethylacetarnide, acetoniirile, tetrahydrofuran, and dioxane. Praferred 18
dimetiylformamide. Cooling is employed to maintain the reaction temperature at

25 from about 0°C: to about 30°C. The reaction is usually conducted for | to about 18
hours. The solvent is then removed using conventional techniques; such as

evaporaiion in vacuum on a rotary evaporator, or in cases where the product s
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A. cFG Rf 20 wherein  Rf is a straight or branched perfluoroalicyl group haying from about 2 to
about 6.carbon atoms, or a mixture thereof, X3 is oxygen or Xl, 25each X1 is independently an organic
divalent Iinkinlar%rou having from about | to about 20 carbon atoms, optionali}/ containinc‘g an oxygen,

nitrogen, or Bt P % Eombination thereof, G is F or CF3, A is an amidé);CJT{ g?%’%‘fgngositive integer,

X2 is an organic linking group, h' is zero or one, B isand F, is hydroxyl. 30The compound of Formula 4
is prepared bywea¢titn hetweaesnta perftuoiMaded adtdid(préfidoadatearding ¢eoreported methods in US

Patent 6,054,615 and 3 E3{RIAPEE L0 iR 8r tHiamiag or diamine alcohol with or without solvent.

The conditions of this reaction are dependent on structure of the ester. The reaction of alpha,
alphadifluorosubstitufite: estetiowitt plisfhninepioppindugtethet wite pypeethty e cofifrarhdabeut 5C to about

35C. Suitable sglvants ik HySsRARIRN ingludedatabysiafvrannbmsshiarbutyl ketone, acetone,
CHCI3, CH2CI2,.0r ether. The; agtion of ester wit QH% titution with diamine is
r

alpha-fluori

conducted’at & fg etpé’rgrtlﬁr%i%:f) ] om & olLﬁr 98¢ $6'a outtilg‘aged&r%fgfa y at between about 100C to
about 140C. PFRFEFRBRP G %Wéﬁltlifs‘%ﬁ?ﬁl%%@fﬁ%H@rﬁ%ﬁ%}%’l&%ﬁ?ﬁbﬁ@%ﬁ%ﬁé’ﬁﬁcIude
chlorobenzenefl dinetigfonpiathidedding tmethexyathyblyttibyltoTHigcod fpomatpeFot' luta 4 is also
grhepared by f?@cﬁ&k@gk@ﬁt\k‘)@&@)ﬁaﬁﬂﬂ%&% ?)fﬁﬁbﬂﬁ%ﬂ%i@%ﬁl&iaﬂﬁmg @I@@hp%ﬁsalminebalcohol.

is reaction is conducted at a tem ture of from a ; - r y at between
about 5C to ab%%%%g??ygqﬁgg?egggﬁg%g Yor t %’rrls’;g%?t%% Tﬁégggg%%?r%lﬁ%/ﬁ%ﬁbﬁ%ﬁi%?hyl isobutyl
ketone, abbtorE 4B EREMOWIRE e SPRPAHE MRS SHYRERHET 2aiReigh WHART T2t #HB%Ra group of
Formula (vi), RAGHR[IC Fe@F2) (OhREHS)ilkd, thobtaimed byhthegardtioniofsfiligedalcohols of the
formbula Réi(CH@%%@E&QE@&(Q_E&ZEM&)%ngdwﬁﬁ{%ﬁﬁ%h%@oﬁ)ﬁﬁ@b%@%ﬂw@alkzl, sut;scrki]pt his 1
to about 6, and,subscripts i, j. a are each independent| , Ixture thereof. These
alcohols are p?%%%cr_%ae _rdr%hg?lva(r)%r%lgﬁfé %%‘?’&é%atgﬁrfﬁ’ﬁl%éﬁ% I%éﬁé%%%%%%%ﬂ’ or CaF2a+11)

wherein subscFFcHIS ERSh &I BRARBEOS SHSIAY AR ofbor PEloFheRt and hydrolysis. It has
been found, foneammleothetyéactiggoaitiiceum{ise Sedhiatabsuthe@doeabout 1.5 hours,

followed by hydralyais,using-andeacsiivie, 2808 solttiengantihendolaues byoRRAeating to about
100C for abou%}%tgac 108 %eis NERSALS f?a%osryn{ﬁ%g I{ﬁa’zBay{;[ gztgr}xehrz enriched in Structures A
or B. The alcoho! of Structure B is the required composition for the group Ry
(iif). '
20 RfOCFHCF20-(CHyCH»O)x-CF2CHFORp (Structure A)
RfOCFHCF70-(CH2CH»O)H (Structure B)

Polyethylene glycols suitable for the use are commercially available from
Sigma-Aldrich, Milwaukee, WI. The fluorinated vinyl ether used in the above
reaction is made by various methods. These methods include making fluorinated

25 vinyl ethers by reacting a 2-alkoxypropionyl fluoride in a stationary bed of a
metal carbonate, a tubular reactor filled with dried metal carbonate and equipped
with a screw blade running through the tube, or a fluidized bed of metal
carbonate. US Patent Application 2007/0004938 describes a process to produce
fluorinated vinyl ether by reacting a 2-alkoxypropiony! fiuoride with a metal

30 carbonate under anhydrous conditions in a stirred bed reactor at a temperature
above the decarboxylation temperature of an intermediate carboxylate to produce
fluorinated vinyl ether. Examples of fluorinated vinyl ethers suitable for use
include CF3-O-CF=CF», CF3CF-O-CF=CF, CF3CFoCFy-0-CF=CFy, and
CF3CF2CF>CF7-0-CF=CF, each of which are available from E. I. du Pont de

35 Nemours and Company, Wilmington, DE.

10



reaction conditions can also be used. After being cooled to ambient room temperature, a solid is
precipitated, isolated and purified. For ex I e liquid is then decanted and t e ds ghgpolved in
rintethd RAH30AShed with water saturate@ﬁﬁﬁ%g%ﬁ dried over anhydrous NaZSOg?gaé’r?‘el@é%?‘lCénﬁ%ted
and dried 30under vacuum. Other conventional purificatiion procedures can be employed.
Alternati¥&ig7 € Blcohols of foonula Rf(CH2)h[(CF2CF2)i(CH2CH2)AOH as defined above can be
prepared by heating the oligomeric iodides Rf(CH2)h[(CF2CF2)i(CH2CH2)j]kl wherein Rf; and
subscripts h, i, j, and k are as defined above for the corresponding alcohol, 35 with N-methylformamide
to about 150C andHe|8ingréep &ﬁé’ﬂﬂ@%@@rgﬁfﬁ’ﬁglﬁggﬁ?{%ﬁﬁéﬂaéwg%ggﬁ%d with water to give a |
residue. A mixture sfdhis resitue With ethamol bnthesrisgatratéd hydrochloric acid is gently refluxed (at
about 85C bath tempgrature)onabout2Eihauts! Fheereastion nfixuisds washed with water, diluted
with dichloromethane. and died qvar. sadivm sulfaies. thessiohlorgroettrame solution is concentrated
and distilled at reauce(‘jpres. re tg give.the alcohol,QptionallyN. N-diethylformamide can be used
. 5 aliere T qtq&oi o BEPNdgoRiIOnaY
instead of 5 N-‘ﬁﬁ@fh%éﬁ‘hgml o) }Frer corlventlonaI ngfl%atlon. rqqegures can be used. The
iodides of fo#?ﬂﬂh@%@ﬂ‘ﬁ)fﬂ(@?lﬁé‘?—f?}i‘(bﬁ?%‘ﬁﬂf%ﬁ%a‘rewpreo e‘r%rg]ﬂ prepared by oligomerization of
CTIF2n_FICMLE,:@%E@N@HQ@%@IC?FF@B%@F‘WL@EW ﬁoﬁﬁﬂ?@%ﬁﬁﬂ%‘%eﬁging a mixture of ethylene
and tetrafluogaethylene .The ceattiortantibe nonokicte disalbyceinsEEure from room 10temperature
to about 150G, with. & suitaklefadisaldnititen: Rreferably.the sedstiomisatonducted at a temperature of
from ab?out 4&/ %ggob% %%ﬁﬁ‘-’l‘%} %ﬂﬂmﬂé&tﬂfﬂé‘{@ﬁﬁb hasiabrytalQheaushalf-life in that range. The
feed ratio of the starting materials in t s.phase is th L CriF2n-F1C2H4 1,
CriF2n+ICH2 I BFERESh+ fﬁt%ﬁ%é?%ﬁr?%%;lt#g %%#gfél\%é%rlsg&gc 's;t?ég{?gergﬁb[i%%d 15moles of ethylene and
tetrafluoroetiyléis! eai 4 tH&FE AR ERversion of the reaction. This mole ratio is from about 1:3

to about 20:1, prefefgbly fé@&ﬁ@pﬁﬁ&&@@,%@mm@mgemmyﬁmgbMr&pﬁm about 5:1 The mole
ratio of ethylene to,}ggtrgg%gro%%hg[ﬁg&jﬁ fram.aheut.1:10 to about 10:1, preferably from about 3:7 to
about 7:3, and More prefera y from about 4:6 to about 6:4. 20The present invention further comprises
the unsaturated intermediates used in the pre%aration of the surfactants of the present invention that
are formed prior to the addition of the sulfonic@gid group. The unsaturated intermediates have the
structure of Formulae 2A, 2B, and 2C: (Ra,-QfOB\-‘)QYlFormula 2A 25Ra-0-CO-Y-00-0-(CH2CH2)Rf
Formula 2B Ra-O-CO-Y-00-0-RFormula 3C Where}gﬁ Ra is the group ())Rf(CH2CF2)d-fCgF120-; 30
(iHRFOCF2CF2-(CgH20-; Rf OCFHCF20(CH2CH2(§9)V-)$C0120-;

CFGh»

f")
X

i
Rs

20

wherein

Rris a straight or branched perfiuorcaticyl group having from about 2 to
about € carbon atoms, or 2 mixture thereof,

X3 is oxygen or X1,

sach X! is independently an organic divalent linking group having from

about [ to about 20 carbon atoms, optionally containing an oXygen, nuirogen, or

[
()

sulfyr, or a combination thereof,
G is F or CFq, Als anamide, [’ is zero or positive integer,
%2 is an organic linking group, b’ is zero or one, Bis H, and E ig hydroxyl.

30 The compound of Formula 4 is prepared by reaction between a
perfluorinated ester (prepared according to reported methods 1 US Patent
6,054,615 und US Patent 6,376,705 with 2

1L
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(iv) RFOCFHCF20(CwH2w)- ; (v) RFOCF(CF3)CONH-(CgH2g)-;-or (vi) Rf(CH2)h
(CF2CF2)i(CH2CH2).01( each Rf is independently CeF(2c+1); c is 2 to about 6, preferably-from 2 to 4,
more preferably 4; _dis | to about 3, preferably from 1 to 2, more preferably I: 59 is 1 to 4,
preferably frgrﬂy 3% 2 bre preferably 2; v is 1 to about 4, preferably front E?@%ﬂ?@%zﬁ?eferably 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, more prefgradiy2diamine algohotidrer edtvindapemnderibcindirionsSefaha mixture thereof,

10preferably 1,01 &, Mare;prefarably LirucrPd QY EIELIRAL ¥k f0IRliBMEINGHA! eRthon atoms in group (vi)
is from about 8 tQ about 22; Yis a.Ikg%%r or hranched (glrad cal havm% oITe{;lnlc nsaturation of the
, K

formula 15wheFEHOEOR S U d GoteL sy RIS HOPLiiR - S BPRRERES Sk g CbH(2b+1)-: and
b is from 1 to ab§u B8oprdfskabipfias ectvenss. for thiuirassiondreBIE drvatiaBofianB, and 2C are
prepared as disauisgdshabgvedontanriolacINOR, aRdlG pxcaptthahthesstifondtisnrstep is omitted.

it i e mers and t

e resulting polymers and to
surfaces to whf&?%*iﬁé‘%%%%éop%@)ﬂﬁﬁggéi& é%nfﬁ?g%f ﬁﬁ%?‘é%?ga _Er(;:&%)gr/%tploé@ ngggo%’*bﬁbl?mula 2A, 2B, and 2C
are those wherkif’RalisciBaRlx opistrpnis @ghacd iR E Fecrpy g Mgadye soivents

RfOCFHCF20{HaEtiByve(Ggd 28 mctiyRQGRIGE FRO(@wilaw@)h(Gahd2g)-. 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(CHIecaaneynd e Lcormuladdride mepied by rrshehPefdidPare those compounds
wherein Ra is 3&rRAGHRGRR){ THGu#20ih RIGOFREEAHTgHRgke REohol. This

SO s RSSO i 2,1
,and Y is CH- = or Gl -13)s _Alsq preferred are compounds o
Formula 28 WSS PG o B P A% LA E e Bl o e
The compound8dedprhadoo{uas,. sHdytisphiys SRl #esrnsetiids b1 Bartially fluorinated

sulfonatedssurfactamtgetinypetiticudbetiybsthaf Formula c1A, 1B and IC as previously defined. A
method of altering the surface behavior of a qu#id comprises addin to}éta%e id @ compound of
} ol

Formulae 1A, 111, and$C e HerePHBO Vih Bilice Wtety OF 2 Hlléli%ﬁlkrhéq surfactants of
Formula | A, 1Bbaidlby arerypiietlyfifbeudsicshwipiglitheridingwith or adding to water, aqueous
solutions, and agUEPLFI(CF2CF)i(CH2CH ) [y OH, wherein Ry is a Cg to Cg perfluoroalkyl,
subscript h is 1 to about 6, and subscripts 1, j, and k are each independently 1, 2, 3,
20 or a mixture thereof. These alcohols are prepared from oligomeric iodides
(CaFap+1CoHy [, ChFoq+1CHa T or CyF2p+11) wherein subscript n is an integer
from 1 to about 6, using an oleum treatment and hydrolysis. It has been found, for
example, that reacting with oleum (15% SQO3) at about 60°C for about 1.5 hours,
followed by hydrolysis using an iced dilute K2SO3 solution, and then followed by
25 heating to about 100°C for about 30 minutes gives satisfactory results. But other
reaction conditions can also be used. After being cooled to ambient room
temperature, a solid is precipitated, isolated and purified. For example, the liquid
is then decanted and the solid is dissolved in ether and washed with water
saturated with NaCl, dried over anhydrous NapSQ4, and concentrated and dried
30 under vacuum. Other conventional purificatiion procedures can be employed.

Alternatively, the alcohols of formula
R(CH)L[(CEF2CF2)i(CH2CH2);]kOH as defined above can be prepared by
heating the oligomeric iodides RCH)Z[(CFaCF){(CHyCHp ) Iy I wherein R,
and subscripts h, i, ], and k are as defined above for the corresponding alcohol,

35 with N-methylformamide to about 150°C and holding for about 19 hours. The
reaction mixture is washed with water to give a residue. A mixture of this residue
with ethanol and concentrated hydrochloric acid is gently refluxed (at about 85°C

12



.10 emulsions. The surfactants of Formulae 1.A., 1B, and IC typically lower surface and interfacial
tensions and provide low critical micelle concentrations. Examples of surface behavior alteration
includ.e improvements in the properties of wetting, penetration, spreading I}gve}li@r&g/ﬁgowing,
emulsifying,vg%fﬁﬁ%’g‘%ﬁsof dispersions in liquids, repellency, releasing, IuSrié}aﬁlng, ePgﬁlng, and
bonding. 15Examples of such applications where low surface tension is required include coating
compositions aach agheemusan hnavacliéhusrel€birineppiod nctsneachvsheglassh woaed, metal, brick,
COﬂCf?tf, Cl,emlﬁﬁﬁté@%%@dﬁéﬁ%?(ﬁ@%,%ﬁ@ﬁﬂpﬂ%vélyEHgﬁﬁiﬁ J{rga&mgrﬁ%minatf_es, pape(;,ftegt,"e .
materials, linoleum and ather plastics, resins, natyra thetic rubbers, .fibers.and fabrics, an
paints; 20po|yr%§g£?r§ﬁﬁ%?é§é%? fﬁ‘?gﬁ%g?%%ﬁ%?egaar]né%}lg@e g i g%er f%ﬂg‘q?ésurlﬁuiﬁ]ﬁﬂ[r%, shoes, inks,
and automotivéhealerhpletingoagBniadphieiBrisonme ée\ﬁé’ﬁti?@uéb‘%%@ﬁﬁ@%mpositions containing
herbicidess fungigides | fveedditer§tharcena doowihurdgulidonsopaiasiticilds, insecticides, gelmicides,
bactericides, nematocides, microbiocides, defoliants or fertilizers, therapeutic agents, 75antimicrobials,

fluorochernical blood ttiedideas! doxmularB4AknnbatRC Eny fibal- Sk khidifes. Applications in
personal care preftietty imehideldhartipoosticanitd iais crefindlnsesFepsmdtiziproducts for the skin
(such as therag%pgg xel| %@gg]vgigrgmg@@g {g{_@r@n@g@%mdﬁ;ﬁ@nt cosme_tic powd_ers,
deodorants and apipsEamRe) AL BRI IRSICts ARG aahBRAG iR @ianplgptions include
fabric care products Esuc as stain pretreattnents and/or stain removers for clothing, carpets and

: | C t
upholsteryy, arf@MRERIHF de iy A G LR éﬁﬁﬁ@é{lﬁc}"ﬁ@l?ﬁéH}H@tﬂﬁs&%ﬁﬁ@lﬂ%F?@ar washes and in
automatic dishwashers) céodoiteelt treatprentse(iridhodirmdpalriliat tmelasial{) ddditibes to improve tertiary

oil _v_vell _re;ovem?i%_grimghmﬁgé{;@t#b@ig@ﬁf%&qﬁ%@@@m @ﬁgmlgma ;eeimgﬁ@\(_ﬁ‘@?netra?on tir;es,
writing inks, printing inks togra v/ r. 0 ons ighting forest fires, dry
chemical fire e?&?ﬁgﬁéﬁ?ﬁbgaah%é%gée%%grgggf?’ﬁ %%Atﬁlgé%l Dog% 2%%“%@502% at the EPO on Apr 06,
2010 22:27:52 rEge 25 éBr'fcﬁghz‘r/JéO’i@m“tfHééf%@@’F‘tt?p‘éefﬁ*é“@&if‘fﬁﬁl?éﬁ?éirs, thickening agents
to form gels fomsaisliffinigysmerod pewing ettadival m@t@p@ﬂoﬁ@c_esm_épmmmé, cleaning
solutions, etching caEIBASHIARMERVEIRPRSoRCliRRENS: andinsishinks-drfisyiamfacturing,
processing, ang handing qf semiconducions AghlesIIGs The SAmPRUAGR. Gan, She incorporated
into products that function as antl oiglng aaents or glass surafaces and photography films, and as
antistatic agenf&grR QiR aRsd ﬁﬁ%‘?ﬁ&ﬁ‘ﬁ'ﬂ’@gb}d@ ﬁbﬁﬁ&‘/‘td*gk}sm%fﬁrﬁﬁfg%bber
compositions, PG, HdliedientiTr, andiphotwgfapbly Bimsabnd 46 surkace Gréatments for optical

elements (such as glass, plastic, or ceramics). Other.applications are.in emulsifying agents, foamin
éi) g T?le resent mvention rRu’tﬁ?ar compris spslme unsaturated mtermegla e85 seg 9

in the preparation of the surfactants of the present invention that are formed prior
to the addition of the sulfonic acid group. The unsaturated intermediates have the
structure of Formulae 2A, 2B, and 2C:

(Ry-O-CO-)7Y Formula 2A
25 R4-0-CO-Y-CO-O-(CH2CH2)Rf  Formula 2B
R4-O-CO-Y-CO-O-R Formula 2C
wherein
Ry 1s the group

() RECH2CF2)d-(CgHogp)
30 (if) RfOCFCF2-(CoH2p)-;
(i) Rf OCFHCF20(CHyCHON~(CgH2g)-;
(iv)  RfOCFHCF2O(CyHow)-
(v} RfOCF(CF3)CONH~(CgHag)-; or



t Oagents, release agents, repellency agents, flow modifiers, EIm evaporation inhibitors, wetting
agents, penetrating agents, cleaners, minding- agents, electroplating agents, corrosion inhibitors,
soldering agents, dispersion aids, microbial agents, pulping aids, rinsing aids, oIishing agents, drying
agents, antistRRHYERES antiblocking agents, bonding agents, and oil ﬁeT&EWgﬁﬂPc?é%‘? %The
compounds of Formula 1A, 11, and IC are also useful as foam control agents in polyurethane foams,

spray-on ovenEiganatg(RarakiCheandtrasgypom cleansers and disinfectants, aerosol shaving
foams, and in textile treatment baths. The compounds are useful as emulsifying agents for
polymerization., partietbit fiddrBiohes asl latex stabilizers, as mold release agents for

silicones, photoemulsi?nzsttoazkllggétggs&)ir%?g lﬁpi’f%&fﬁﬁ%ﬁ?@%ﬁg §,uch fluorosurfactants are also

" S M . . .
useful for supercrltlca‘i carbon dioxide emulsions an 0 oparticles or pigments in water.

A low concentration of iessdthesehautR:Abby pieferably, lessdheastabidyti0.01% by weight of a
compound of Formulae 1A, 11S, or 1C in the liquid is effective. Consequently, the surfactants of
Formulae M, 1R, ance 1! dpet rssfenablafiime vadet)ost aridetridyapplications. Additional inteinuediates

include compounds of Failjula, 5.Rf OCF1:1CE70( CH-.)O ranula wherein 3013-f Is
CeF(90+1): cis 2to gb%%t{%? p?leqflzf‘flg%/g%jrrﬁ g?ogf{gm%’rg%%eﬁégg%%? lg Ee:i]nd Vv is 2 to about 4, preferably

from 2 to 3, more prefeiabiyraboutyefees corppatabls ofdnomuta hakeptofsebivherein, cis 3 or 4, g
is 2, and v is 2 or 3. The compounds of Formula 5 are useful as intermediates in 15 CH3273PCT
making partially fluorihitédosthrsh ArdacEsilzt R L e parmetidreEathitiE 5 compounds are useful in

making surfactants of Fo?r@%l%ﬁlgAé %Eiﬁg%ﬁj%&ﬂ@r?%o&sy g}egigﬁgﬁﬁéé QL8PS for the preparation of a
| -)C1-1, u
i

compound of Formula 5 H ( )v-HFormula 5 wherein' Rf is CcFOc-4-1); C is 2
to about 6Xand{F{&oty LBbatBOFPESHIEES contacting a compound of Formula 6

Re0-CF=CF-2Formulg, 6 : ersit Rbis GERZS SR AR G5 19 8BAHYS: is from about

8 to about 22;

Y is a linear or branched diradical having olefinic unsaturation of the
formula -CeH(2¢-2)-

15 wherein e is 2 or 3, preferably 2;
R is H or a linear or branched alkyl group CpH(2p+1)-; and
b is from 1 to about 1§, preferably from 6 to 18.

Compounds of Formulae 2A, 2B, and 2C are prepared as discussed above
for Formulae 1A, 1B, and 1C except that the sulfonation step is omitted.

20 Compounds of Formula 2A, 2B, and 2C are also monomers that can be
polymerized alone or in admixture with other monomers to confer sotl and water
repellency to the resulting potymers and to surfaces to which the resulting
polymers are applied.

Preferred compounds of Formula 2A, 2B, and 2C are those wherein Ry is
25 RACHyCF2)d-(CgHag)s REOCFICF2-(CoHog)s Re-
OCFHCF O(CH2CH20)y-(CgHag)-; or RAOCFHCF2O(CyH2w0)- (CgHog)--
Also preferred are those compounds of Formula 2A, 2B and 2C wherein ¢ is 3 or
4, or wherein Y is CH=CH, CH>C(=CH3), C(CH3)=CHy, CH=CHCH>, or
CHpCH=CHCHpy. More preferred are those compounds wherein Ry 18
30 RCHCF2)g-(CgHag)-s RIOCF2CF-(CoHg) Re
OCFHCF2O(CHZCHQO)V—(CgHQg)—; or RfOCFHCF2O(Cy HnwO)- (Cgﬂgg)—; d
is I, gis 1, Reis C3Fy or C4F and Y is CH=CH, CHpC(=CH3), or

14



with a compound of Formula 7 HO4aidCH20)v-ItFormula 7 isrein v is 2 to about 4. In the process
the compound of Font ula 5 is prepare % &qug ction of a perfluorohydrocarbon %;% a di
:’“mﬁl‘jthé%f%é%%@ of an alkali metal com&) )ﬁ F9r rred ethers include those of forLrJrl%{{a E—%@ J)
wherein RI' is a perfluoroallcyl of one to six carbons. Preferred diols include 20 diethylene glycol. The!
diol is used&i/abeiit 1 to about 15 mols per mol of ether, preferably from about 1 to about 5 mots per
mot 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 4 Be ki pomrevEad #6n a7 Eel Al ERTHE £ Tessr it die df from about ambient
temperature t0.&ott TR CHpféferably frphiiabbrt HoCH torabBatsl 20T 4the reaction can be conducted
in an optional solven, such s, elher o Mink, Thaprocess,suseiul i pigpark alephols of Formula S

which are used to prepare erivative compound S, such as surfact I’ié g surfactants of Formula
1A, 113, and A¢PHY H?éﬁﬁ%%@%‘nﬁéﬁﬁ%f?é??m%%m@%‘i HETT P fﬁ%‘ﬁb% when compared
to converftionbh filBmesutfaetareipnaldci#aT elomer B alcohols. While 17 tetrafluoroethylene may he

used in the Rf port' 6@%5%9&&@4&9@%95@9&{?&5%mqragﬁéagrg%&%%gf -(CgH2g)-; (iii)

RfOCFHCFZO(CHZ C
RFOCF(CF3)EBNTC ’f%?f%ﬁ; Oﬁ%eﬂ% g1er‘1e |§aﬁl8t cgthaésr%ve%ré tc}saea%% thé 5'preparation of the

compounds oT”P:@FHﬂﬂaPPiLU&EB’%?‘ I@‘SFH#W%%WE@ b2k 87 e RHREANS of the present
invention, somedbitentiuphiveds epiicetrddthestheristomiscorTHORBAMEr 61 @ 6/ipared to the typical
perfluoroalkyl-gresips0f ThieRG.catonSHtrauriactants madedronidraditoralitddomer B alcohols. So
less tetrafluorgethylene is useddn she preparasion-akcampanndsehkesudladnBidoand 1C or of

Formula 2A, 2 &;u{'}d ce?e?g E)%Q@%H&S ﬁ%l@e%%r@@r%%@ﬁﬂw p‘i-g ﬁ@?&%&%@o'e“es replacing

tetrafluoroethy ené In most cases also contain a lower. P%olgor&%q fluorine, Cc Consequently in many
e

cases the sur?ﬁﬁ?m%‘fﬁgaﬂ?&s AR ErtioR B O E G riRe effcient thar many conventional
surfactants. By iﬁ@ﬂ#n@@#ﬁ%éﬁi’e@%éﬁ‘%ﬁ%&ﬁfﬁBmé‘%@%ﬁﬂmmum amount of fluorochemical

to obtain,a desired wla%ﬁﬁﬁﬁ&rﬁgr{é&%a@ RreRaHies.when-applied:tasrastrates, or to obtain
better perfoona ce usi g}t e same. CI)%vel gfalalgg %?1 ﬁ%-r,[% &@MHE%%E%THODS The following

il
materials and"hiethods were used in the xam erein. 20All ,common or%anlc and inorganic

compounds v\ﬁ‘—i'lf“(ljl Sﬁt&iﬁédv‘f%%%?&ﬁ\gw&ﬁgﬁ (ﬁ)iﬁw%ﬁﬁ%e%ﬁ‘ USSR S urification. These
included maleiézantfiigd cosaiii ey SAPSTIfFE ORAREH SRR #IEHE sulfonic acid, itaconic
anhydride, citrgesinicasihydridetradsglittsvonid asidibesrsubBiaksidrompaisitic acid, and other routine
compoungds eppleyed indhe Exampies, 268IMULSQbsSidnadtyl/deceylipoiyghicoside is available

from Kreglingey EULQPE  ANNEIRuRRIGIMN . wenih RITQN61OR: Arertbrab/iphenoxy polyethyl alcohol is

available from SI&%;&Q&%&&&%%@&O% aﬁ%ﬁh%@rmumﬂs fungicides, weed killers, hormone

arowih regulators, parasiticides, insecticides, germicides, bactericides,
nematocides, microbiocides, defoliants or fertilizers, therapeutic agents,
antimicrobiais, fluorochemical blood substitutes, textile treatment baths, and fiber

I~
[v]

spin fnishes. Applications in personal care products inciude shampoos,
conditioners, creme Tinses, cogmetic produets for the skin (such as therapeutic or
protective creams and lotions, oil and water repellent cosmetic powders,
deodorants and antiperspirants), nail polish, lipstick, and toothpaste. Further
30  applications include fabric care products (such as stain pretreatments and/or stain
removers for clothing, carpets and uphelstery), and laundry detergents. Other
applications include rinse-aids {for car washes and in automatic dishwashers}, for
oil well treatments (including driiling muds and additives 10 improve tertiary oil
well recovery), extreme pressure lubricants, lubricating cutting oil 1o improve
penetration times, writing inks, printing inks, photography developer solutions,
emulsions for fighting forest fires, dry chemical fire extinguishing agents, aerosol-

w
A
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DOWANOL DB: 1-butoxy-2-ethoxyethane is available from Dow 30 Chemical Company, Midland, MI.
SOLK_ANE 365 MFC is 1,1,1,3,3-pentafluorobutane is available from Solvay FIuoH%es Thorofare NJ
F‘mﬁﬁfé fORGRIRE tRiorinated chemicals are B%&fBREMIdm E. I. du Pont de Nemours a Rg 46
Wilmington DE: Perfluoro-2-methyl-3-oxahexanoy! fluoride; Perfluorobutyl iodide; Vlnylldene fluoride;
PerfluoroprspyBaastl ether; and Perfluoroethylethyt iodide. The following fluorinated chemicals were
prepared as indicated below: C4F9CH2CF21 and C4F9(CH2CF2)2l were prepared by reacting
5perfluorobutyl iodide and vinylidene fluoride as described by Balague, et al, "Synthesis of Fluorinated
Telomers, Paryik; Meloriesizstion SfivkimyilidenenH iofide with Perildifghikyrlodides”, J. Fluorine Chem
(1995), 70(2) -2dH2 B hhenspecificteloperiedidesiare igeiated ynfracticioak distiliation.
CBF?OCFZCF%an@ﬁlgﬁ@n@l;%@bp%ge&ﬁtmrp@ﬁme@a@Wiﬂ/&@&h@gﬂﬁa&wgw iodine chloride and
hydrofluoric aC|d V\Q{Enipoarlg Erilﬂgond asac chysf% ggdde%&;%qg b;@é@gﬁgg@\&e&ﬁl in US 5,481,028.

Test Method T~ Rﬁeasﬁrement 0 the Critical Micelle Concentratlon C and t e Surface Tension
beyond CfMCb%Hf‘f%é}:t‘&h%fBH’SPB‘f%&LPe%ﬂI%fgﬁ?ﬁ&éﬁl% lﬁ%%%aﬂ%}@ e*a%ffrééf Various 15 weight |
percents in MNP USTEEU S @19 F SRS ter o RSEUSES CRAFBERINC). Compounds
having the lowest-surfapeyténsiorikavevheigivesteffentioandSsC TvesiticAlimicelle concentration
(CMC) is defingd:agthe concentiation-@whiehinereasegtonepnitatiopschfstactant essentially no
longer reduce, {he;2Qsudacetension., %@@E@M%%%Qufh%@@ﬁt&eﬁﬁ@ﬂlﬁ measured as a

function §f suiiaciantsoneeniaton, sulkse ensions,henaloder asaisse) ve. Log concentation
(ordlnates Thefesufting cuive has a near‘l orizontal 1portlon at concentrations higher than the CMC

and has a neé’é.‘ﬁ‘ﬂ?é"é‘fe@ﬁigpﬁﬁé‘ﬁtﬁé’ﬁ&%ﬁﬁﬁ{m?gg%ssg FRBH 1HS EE *HECMC is the concentration at
the 25intersecHiohrofithie dsarapotateer Ste ERETope arldarre SffripslaRseigat forizontal line. The
Surface TensiaivibedngGMBiisityeidalumimgediappoition ke durtve 2FsCMC should be as low
as possible to.pravidedhedowass sashioreffectivaiperigemance: destiNMeathortas: Spreading on
Cyclohexane 30Test Method 2 is ada Epted from Stern et al. in W01997046283A1, wherein surfactants
were appfied to the SHTSEERIFRASSENEE rovide %&é@é?ﬁﬁgs‘é%ﬁ&ﬁﬁéﬁ%? Advance Fire Fighting
Foams (AFFRoCyEitrsidnesastse ivaFesoMetisd 2oroctepigce it képishetdsed by Stem et al.
Test Method 2atheasurés:thherabilityishthesurfactant swutiondenspreddraersgs the surface of a less

35dense flammable liouigs When she sufacianikselutionspieads acrassdthe surface

poivmerization, particularly of fluoromonomers, as latex stabilizers, as mold

20 release agents for silicones, photoemulsion stabilizers, morganic particles, and
pigments. Such fluorosurfactants are also useful for supercritical carbon dioxide

emuilsions and dspersion of nanoparticles or pigments in water.

A low eonceniration of less than about 0.1%, preferably less than about
0.01% by weight of a compound of Formulae 1A, 1B, or 1C in the lqumd is
effective. Conseguently, the surfactants of Formulae 1A, 1B, and 1C are userul in

12
A

a wide variety of end use applications.
Additional intermnediates include compounds of Formula 5
Re OCFHCYF>O(CHRCHy Ol -H Formuia 5
wherein
30 Rris CeFae+1y
¢ 15 2 to sbout 6, preforably from 2 to 4, more preferably 4; and
vis2 to ghout 4, preferably from 2 to 3, more preferably 2

Preferred compounds of Formula 5 are those wherein ¢is 3 or 4, gis 2,
and vis 2 or 3. The compounds of Formula 3 are useful as intenmediates in

18
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("excellent" rating), a barrier is established between the flammable liquid and the air. If the surfactant

. Solyti t spread completely acr, rface ("good" or "fair" rating depengh xtent
s GELe AR g oninextent

spreading) the barrier betweén air and flammable liquid is incomplete. If the=sarfactaidt
solution 5sinks intg the flammable liquid ("poor” rating), no barrier between air and flammable liquid is §
establishéd™=2">Adurfactant 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 10active ingredient), and mixed thoroughly. A -
Peni dish (11. B 6@ &%%%Dﬁfflea T‘é%%ﬁfeﬁ% -ﬁgm%thgfg% mbszCycf%)Iﬁ%%(é?]e. After the surface of
the cyclohexaf@PadEsripIately! dami&ieanBat e inuie Hoo iido rild ©fSolution of
fluorosurfactapte hiydsboasyenisurfactant, butyl carbitol, and water was deposited dropwise with a
micropipette beginning_ at the center of the .Petri dish 15an twardly.along a radial line to the outer
edge gfpthe Petr% dis q%lrﬁ%e%fgm%rr%veagggﬁue% ota fr?ﬂﬁ%%urnﬁ‘)c(je{ﬁgroﬁﬁga}%rmuI?ations, the surfactant
solution "sinks immediately” iBgloatHe Byolahexaiellp-fair pardatming foimulations, the surfactant
solution merely "floats" on the surface of the cyclohexane without 20sinking. In good performing
foimutations, HEEKiFractant spreads across the surface of the cyclohexane. The time was noted when
the extent of the spr@ng;ngcp&@ﬁ)surfactant solution across the surface of the cyclohexane ceased
and the extent of the surface coverage (<100%) at that point was recorded. In excellent performing
foimulations, the surfaétaift %‘B?H’éi@rﬂ’&pidly spreads across the entire 25surface of the cyclohexane. In
excellent performingfarmylatigns, the time was noted when extent of the spreading of the surfactant
solution first covered the entire surface (100%). EXAMPLES Example 1 30A mixture of ethanolamine
(13 g, 28 tmaoiapicsetherilons E rereeabRId 1 8ES Perfluoro-2-methyl-3-oxaftexanoyl fluoride (33
g in ether 50 mL) was added dropw&ed_(bgg%% ;he reagtion terpperature below 25C. After the addition,
the reaction mixture was stirred at rogm temperature for one hour. The solid was removed by filtration
and the filtratevwas:wighedFith-hydrodklorictaeip©SBN, 30 35mL), water (2 times 30 mL), sodium
hydrogen cart%){é?gecgr%lutig%g%gé\l 2% git), water (30 mL), and sodium chloride solution (saturated, 20
mL). It was then concentrate anémdlned in vacuum over night at room temperature to give a white
solid 35 g, yield 95%. The produgtwasiafglyzedilising 1HNMRarnd the structure continued as is
N-(perfluoro-2-methyl-3-oxahexangy1)-2-aminoethanol. C3F70CF(CF3)CONHCH2CH20H. 5A
mixture oFmalSiEERhY & @86 §, 6.1 mmol),

In the process the compound of Formaula 5 is prepared by the reaction

of a perfluorohvdrocarbonvinyl ether with a diol in the presence of an alkali

metal compound. Preferred ethhers include those of formula Rp-O-CF=CFq

wherein Rz is a2 perfluorcalkyl of one to six carbons. Preferred diols include

20 diethylene giveol. The diol iz used at about 1 o abowut 15 mols per moi of

ether, preferabty from about 1 to about 5 mols per mol of ether. Suitable

elkali metal compounds mclude an alkali metal, alkali earth metal, alleaii

hydeoxide, alkali hydride, or an alkali amide. Preferred are alkali metals

such as Na, K or Cs or alkali hydrides such as Nal or KE. The reaction is

25 conducted at a temperature of from about ambient temperature to about

1 20°C, preferably from about 40°C (o about 120°C. The reaction can be

conducted in an optional solvent, such as ether or nitrile. The process is

useful to prepare alcohols of Formula § which are used to prepare derivative

compounds, such as surfactants.

30 The surfactants of Formula 1A, 1B, and 1C, in many cases, requite [ess
tetrafivoroethylene in their preparation when compared to conventional

finorosurtactants made from Telomer B alechols. While

17
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C3F70CF(CF3)CONHCH2CH7OH (4.5 g, 12 mmol, prepared as described above), p-toluenesulfonic
acid monohydrate (0.12 g) and toluene (50 int) was stirred continuously-and heated to reflux under
nitrogen. The temperature was maintained at 111C for approximately 22 h until 90% of water was
removed 103%%‘3({)?{6?35?@/ with the aid of a Dean-Stark trap. A liquid chro]ﬁ%rt’gé?g'f%wfﬁﬂéiss spectrum
(LC/MS) was taken to show the completion to the diester. The solution was separated and extracted
with two washiggafafcddéetsadiitrmbiaarhenratetsoRifipsidhetomiinatiorgahit extracts were dried over

anhydrous mag&%ﬁwggsw(g{@\ I\{ég@?}é @}ezn(gg)l ne Was removed by rotary evaporation. The
15yellow oll (3% _ % @g ?;%)/ purity) was A ’ R an LC/Q’l to confirm the

structure as C g@%@ﬁ% sEre B?@?O) 0¢) W@iﬁ% 1CI0) R (CF3)0C3FT.
Example 2 EtRferE(E5 ¢y WaE-tfidtdedeitr Bromadeisve shatgaemitst 2004 98H2CF21 (217 g)
and d-(+)-kmonesarlien ot tenieacth dfFaied: At 4.0 for 12 hodBoritd: drodlBbwas isolated by

vacuum distillasien 4g.nravide, GAROGHROE2CH2CH R Fusmipg SHfuricacids (ZgmLdwas added slowly
to 50 g of C4F9C£§§F2CH2CH21 and mixture was st,lrred at%?g% or 1.§l(§}tpurs. Th%éeactlon was

quenched with'1& o 8795 RALEHS RAINHS stalfj o AR SR 8t 8816t 0.5 hours. The
bottom layer wigs28ejgsens ihattfanastasadgtiran Frddisaucblengdimsdivdiafeodpd distilled to provide
CAF9CH2CF2&htauohidily in Hid-sé Ciradh2 paspligiGoot Paqpoundshef Esiatificationprocedure of
Example 1,wasised { &9ﬁlsﬁaBlﬁliA,lﬁh%ﬂd%%Bhéﬁiﬁ%%@9{08&‘%& mﬁgz%@@m g, 95% yield, 95%
purity) 30 by the reaction of maleic anhydride (1.07 g, 1 mmoe]). CA4F9CH2CF2CH2CH20H (7.13 g,
22 mmol, prepared agldescnbedrahoice}arg!peinieneSuifortbdend monshydratel(@.21 g, 1.1 mmol) in

50 mL of toluee@n@éi&&mrgé Bribhe Pl aelotontegustiias analyzeddydHNMR and LC/MS to

confirm the struc];yr‘:(%a%? C4feCreszcgﬁ%‘gIH§gHgé)%ggg- ullf”ﬁlce:létq%% ]%‘éRQQCHZCHZCFZCHZCMQ.
Example I“:sfhyafene f@é éL) wasintroduced o an autoclave ¢ arge Wl_tﬁl%?XF9(CH2CF2)21 (714 g)

and d-(+)-limoRERETS20a) surff s BY tdPRERGR TNy CHEcrt R AR Y96duct was isolated by
vacuum distillationitopravice1 AFHEHECHR)LOKBEIH2 Hedinistufecot BAEO(CH2CF2)2CH2CH2 (10
9, 0.02 5 mol) ane:Nam éﬁ?@?%@ﬁ {8p8dnlo Q&g wasdeateskie lRPG6HRin6 hours. The

mixture was colgslled e1 a:% C bv(g\lg}t\/ggogx the addition of water to separate the crude ester. Ethyl
alcohol (3 mL) anogp4to uéne sulfonic aC|§'(0.09 g) were added and the mixture stirred at 70 C for 0.25

hours. Ethyl formate and ethyl alcohol wiereire mavedhyidistifationpgo give a crude product. The crude
10product was dissolved in ether, washed with 10 wt % aqueous sodium sulfite, water and brine, in

tam, and dried over midyrfelrmingumeesiabistfiaiehadiovrie sk e EspnREORERIPCF2)2CH2CH20H

(6.5 g, 83 % yield): bp,94-95 C at 2 mm H &ZOGrSaPa)' Malei%&”@é&%@%%&%&%gma7 mmol),

C4F9CHZCF2CH2CFICHACHAOH - ot ¢ eompounds wert .
Sigma-Aldrich (Milwaukee WI) and used without purification. These included

maleic anhydride, sodium hydrogen sulfite, toluene, hexane, p-toluene sulfonic
acid, itaconic anhydride, citraconic anhydride, trans-glutaconic acid, trans-beta-

hydromuconic acid, and other routine compounds employed in the Examples.

25 SIMULSOL SL8: octyl/deceyl polyglucoside is available from Kregiinger
Europe, Antwerp, Belgium.

TRITON X100: p-rert-octylphenoxy polyethyl alcohol is available from
Sigma-Aldrich, Saint Louis, MO.

DOWANOL DB: 1-butoxy-2-ethoxyethane is available from Dow
30 Chemical Company, Midland, ML

SOLKANE 365 MFC is 1,1,1,3,3-pentafluorobutane is available from
Solvay Fluorides, Thorofare NJ.

The following fluorinated chemicals are available from E. 1. du Pont de
Nemours and Company, Wilmington DE: Perfluoro-2-methyl-3-oxahexanoyl
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15(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 heated to reflux at 110C for 48 h. The
work-up was carried out as in Example I. The resulting pale yellow liquid (2.90 g, 51.4% yield, >99%
purity) was aH3RZ88%SAH NMR and LC/MS to confirm the structure as Eﬁ?—’@gﬁlﬁ 2‘,‘{—|2CF2 20
CH2CH20C(0)CH---CHC(0)0CH2CH2CF2CH2CF2_CH2C4F9. Example 4 C3F70CF2CF21 (100
g, 0.24 mot) anthbenz P Nesavde (@ aivwemghrigetiteidpressuieopessal indenmsirogen. A series of

three vacuum/nlt en gas. NGESywas then executed at -50C and ethylene (18 g, 0.64 mop was
25introduced. ‘?‘Iﬁg%eslsle% ggﬁ%g daor 24 hour at 110 C. The autoclave was cooled to 0 C and

opened after depassiing:nd@ivthepdodisativuaseolecteardd ashoftlendhiesproduct was distilled giving 80
g of C3F70CF2CF2CH2CH21 in 80% vyield. The b0|I|nIg point was 56-60C at 25 mm Hg (3.3 kPa). A

mixture of C3F70CFI@EoCdiabantaeFg (ks Taop! preisarcasedfudescitfed above) and
N-methyl-formamitle @0fyhibd;dvasdraasdd doc FTEOGias 26shritidvebytRelzeastionlwas cooled to 100 C,

fol:]?wed by dtfze@ﬁm{m @fwaéﬁ%a?eémﬁfﬁqt%frpd&%%?@ﬁzﬁﬁlaﬁl@mﬂgt&&% mL) a7n0d C|§>ftolu1t?3ne
sulfonic aci welr ea 1o I e an reac or
ZF? l%%e sl ﬁerﬁdp e({?ﬁif(ﬁfg&lgef"wzg %mltlﬂe oulpto |ve %g’e

minutes. Then etlflwo ormate an product The crude

product was d|§§8I%dlﬁi3é?f’%?e¥/\}8§ﬁ§dWtﬁ‘%ﬁ%dﬁ?@%ﬂﬁ]’u‘é}ﬁiﬂ %“‘Water and brine in turn, then
dried over magne5|u E@l%gﬁﬁ%h?%’é’g #Q@&ﬂ%&”@@lﬁ&%‘fﬁ Ether

C3F7OCF2CF2CH2C H ln ntwa ;‘87%‘

similar profed FEHSEYR AR é‘df\?x}ﬁ}s GFRiter “% (i3 6‘%&83@9“
C3F70CF2CF2ic44t®d 2O Miahag ay, et 4l misn bIS éré%ﬂaﬁé& as 5desvr|bed above), p- toluenesulfonic acid
monohydrate (3 13@ 816!8 mmol and tolu E( OmL ed to ettherf:}%éeﬂ%xed for 50 h at
112C. The pal f&o ?D(lifrff 8 TA@C pur y Waglgrnl yze %y 1H NMR and
LC/MS to confifif Mw&&mra@mmﬁzcmcmcmoqm

CH= CHC(O)OCHZCHéNFC(Qe)qu:g C@? 1(136%\%7”(:1 (ﬁ»,‘%ry‘ﬂl le. mwc% X%%m Q%Qiégé_ Pyrex bottle

was charged with diethylene yco emlca ompan mole) and 80 ml,
of anhydrdtis t&%ﬁ%ﬁ%ﬁ%@&/ BhUshRe Ssum A N et gr 61Pesisie] Sas added slowly with
magnetic stirringheroiith Conijstetionnof hydregbe Ievscdaltmrfﬁ@%hsmabpaﬁ@dﬂ@%&s removed from
the drybox, andhgsehdtion was transferred to a 400 mL, metal shaker tube in a nitrogen filled
glovebag. The shaker tube was cooled to an internal temperature of-18 C, shaking was started, and
perfluoropropylviny| effherctivipal micedlg@ncasimiae WS aadtsditasmsahn eeareyiinder aThe mixture was
allowed to warmiRieairtdesd peraturaand wasshakerssentially no longer reduce the

20 surface tension. To determine CMC, the surface tension is measured as a function

Hg (5333 Pa). A

of surfactant concentration. Surface tension is then plotted (abscissa) vs. log
concentration (ordinate). The resulting curve has a nearly horizontal portion at
concentrations higher than the CMC and has a negative steep slope at
concentrations less than the CMC. The CMC is the concentration at the

25 intersection of the extrapolated steep slope and the extrapolated near horizontal
line. The Surface Tension beyond CMC is the vahue in the flat portion of the
curve. The CMC should be as low as possible to provide the lowest cost for

effective performance.
Test Method 2 - Spreading on Cyclohexane

30 Test Method 2 is adapted from Stern et al. in WO1997046283A1, wherein
surfactants were applied to the surface of n-heptane to provide a screening
evaluation for Advance Fire Fighting Foams (AFFF). Cyclohexane was used in
Test-Method 2 to replace the n-heptane used by Stern et al. Test Method 2
measures the ability of the surfactant solution to spread across the surface of a less

35 dense flammable lquid. When the surfactant solution spreads across the surface
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20for 20 h. The reaction mixture was combined with a duplicate reaction run in a separate 400 mL
shaker tube. The combined reaction mixtures were added to 600 ml, of water, and this mixture was
extracted with 3 x 200 mL of diethyl ether in a separatory funnel_ The ether extracts were dried over
MgSO4, fitle PSP G rcentrated in vacuo on a rotary evaporator to givgcérﬂﬁﬁﬁ%g(ﬁﬁ% g) 'H NMR
25in CD30D, and analysis by gas chromatography both showed a small amount of diethylene glycol.
This material waschtisaivediig )l 2Gatheofidigthiisbtti e andertcatieanalit ivatdra(d %250 mL) in a

separatory fungel. Fie etberaver s ied uspMaSOAy liered: spchonseirated in vacuo on a

rotary evaporatgr at high ,yacuum to give a liquid (99.1 g) L. H NMR (C6D6, downfield of TMS)
et &7 R RSB NTI  CORE AR e R By

OCH2CH20 Cluzo# 2omyeB et Oombdisloctz arporys. i te et otM2CH20H), 5.496
(doublet ofstripkeigs zhiblihe Blabdabiz liduit] F oS Ha@OFRRCHRRCBIeand 3nudhole% of the his PPVE
adduct: 5.470 M%ﬁ@f@ﬂf&g&&ﬂ@ﬂé@ 53 Hz, 3.1H5 =3 Hz, 35

C3F70OCHFCF20CH2CH20CH2CH20CF2CHFOC3F7) The other peaks for the his PPVE adduct
overlap with the moné. RRP#Eatideiotion wasiprapetadebpionmabeitngrthyctoisle(0ta8 (). B dImmol),

CIRTOCHFCRAQGHEE 29GHAGHROk 5.0l PIPRES S SboUeTRISIoSnESlfonic acid
monohydrate g, 0.61 mmal) and toluene n r ntinilo ogether and heate
to reflux at 114%@r%% r%o%tlg ?é% ﬁ?%c#heg{}égg (gﬁavl)\tl)évéel.c n iwn%é(ﬁ‘zg)L t%ﬁ@@t‘e%e through LC/MS
and the rfhovarBraiagedivne ansrrirsbdororsinple P44 et BUERIIEATES a pale yellow liquid
(4.48 g, 90.0% ety t8vobapivityy VHINHRIanfcySiviSanereidisethtosedadlinfithe complete conversion to
the diester anc{hg, RIAEEIRD SREERCHRGE 2DGH 2 HRQS HESHRAGIONH SOIIAD)0CH2CH20- 10

CH2CH20CF2CEHOC3EY, Example 6 . A pne-gallon,reactor. was charged with perfluoroethylethyl
iodide (850 g).0 f?élr(_) E"Sb‘f%%%&[‘j}ﬂgﬁ?“é‘%ﬁ? e%ué g%%gti&%ﬁt%ﬁ%?%}yl%nﬁc“ﬁ% rasgso_ of 27:73 were added
until pressure rERORGH SEPpEIge 1D RisTamRcHE RasbM N St FRISEQE T 808 More ethylene and
tetrahydrafuraruid euB¥a7By alimgveradadded torttit pressuhee refibhSdtticispsighe (265 MPa). A lauroyl
peroxide solutign(4g-lasroyl peroxide in 150 g perfluoroethylethyl iodide) was added at a 1 mL/min,
rate for 1 hour. Gas feed ratio was adjusted to 1:1 of ethylene and tetrafluoroethylene and the
pressure was kept at 160pgigrfarRads: (ipayl Afees.dabosrbrgrof sthwlemsings 20added, both ethylene

and tetrafluoroa{{;]y&amef?eﬂ@weﬂ@&@mﬁﬁaﬁ@eﬂmfjarﬂmﬁ@mamwﬁgﬁer another 8 hours. The

volatiles were temeNafl RNRGHBASHaon A goomdennaiRte fsald ohplgomer -
CH2)lk_1 (773g) wherein k is a

ethylene-tetraflyoroethylerie jodides C2F5(CH2)2[(CF2CF2)(CH :

mixture of2 and™#¥a a?%di%‘ir%f\%&‘%ﬁsfwé%z TQ%)&W%EB‘&FI’?QF% ol3 ?f%‘?)fh?re,' prepared as
described aboverf4s: sighevitetnitesepardiienivkthesisdieky hrashniceeniidin-meddtermamide (NW',
273 mL) and heateesiefisei {ordiSdudrhe reaaticnmixilce washwashechvedhwdater (4 X 500 mL) to

glve a residue. b AL RIS ERGHE. PL1809) @0 MknPRd R0GRRI AL Rlehloric acid (1 i)

was gently refluxed (85C bath 3Qtempera 1‘!(‘Lr:}:e for 24 h. The reaction mixture was t&eured into water

(300 mL). The B&iig SR R R S i s B R dEFRRIIT(Z ton, 267 Pa) to
give a solitf, 2438 fjcapllie 2ychihsredactnas Sl prethriestiranulations, the time was

noted when extent of the spreading of the surfactant solution first covered the

entire surface {100%).

EXAMPLES
Example 1
30 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
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
removed by filtration and the filtrate was washed with hydrochloric acid (0.5N, 30
35 mL), water (2 times 30 mL), sodium hydrogen carbonate solution (0.5N, 20 mL}),
water (30 mL), and sodium chloride solution (saturated, 20 mL). It was then
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yield of oligomer alcohols C2H5(C1-12)11[(CF2CF2)(CH2CH2)]k_OH wherein k is a mixture of 2 and-
3 in about a 2:1 ratio was 26.5 g. 35A mixture of maleic anhydride (1.74 g, 18 mmol) and
C2F5(CH2)2[(CF2CF2)(CH2CH2)]k_OH (6.26 g) were stirred continuously together and heated to
70C. The re8&iéH %42 rried out neat for 45 h and a gas chromatogrant f{GEFNAEYERE at several
intervals to notice the disappearance of reactants and the introduction of the half acid/ester.
ggFggHgg%&%ﬁ%ﬁ%%&&%@wxﬁbﬁﬁ{wo T, i &@Weﬂfi@@r@@ﬁeftgig{e@wﬁééYSdg, 9.7 mmol),
F3CH2CH F2CE - . 7.mm a Ifonic.aci
monohydrate (%g%%%gg%g%?%);?gﬁg %Oggt%dv figg%ﬁ[&%%gkﬁlﬁen%ﬁ%&gﬁ%;tt%ﬁgﬁc%rﬁ 19 h. The

product was isEPRERES A X FaTHBI RithrestyERrseheranrmily - EoiresiARRon, extraction with
tetrahydrofurar; ¥oBericatobOant dy{ridoWéb to produce the yellow/orange solid 10 product (7.46 g,

93.3% vyield, 97%), which was analyzed by 1H N and LC/MS to confirm the structure as
czFSCHzéHA(Ccmﬁ}‘(’&‘ﬁ%%ﬁéﬁ%f(%}éﬁj‘lﬁgﬁ%}%o‘ﬂ@iﬁbcH2)-(CE2(:F3)]k-CHzcH202F3
wherein k is a FiXPEBICE a1k 3 HGH R P O HA hiiaure oelnarroriadiae 4a87ge88 mmol) and ether (30
mL) was cooleghdbty, 256kudestlfoni: AcidethylbByarabexaneyhiivesiden33@rflgther 50 mL) was added
dropwise to kegg, Ihe [eaGHon e MRaiailie HelaminGeAliesdhe addition,dhefeqetion mixture was
stirred at room temgﬁara ure]cﬁg ne hour. The T\%OI as ﬁif g/vegﬁl{tuﬁltratlon and the filtrate was
washed with hyRfFGESAE aC {?).gf\ﬁ%om-ﬁ)? & V‘{?’?i 30 %F&Sﬁr“uw& gen carbonate
solution (0%N, 2zeotanicadivtdr thzous pf adpersdditiitenl ofidislwel chismesegiapled®e mL). It was then
concentrated apddigdIrCVRES) urasaxesig bliat he oadepipieraiki tectoigive. alwhitshsolid 35 g, yield

95%. Analysis Q’Xs]slébla\}% Qﬂgegtﬁl% %H&l"i’@g %%H?ﬁgg HEEW A dium bicarbonate ]
N-(perfluoro-2-methyl-3-pxahexanoyl)-2-aminoethanol, C3F70CF FZ&)CONHCHZCHZOH. 25Itaconic
% ARG ERE e ROty

anhydride (0.6‘?%}‘}t r:rq cﬁ?n@?ﬁ G@@P&I’—%‘)‘L’%f\l gﬁg‘ﬁﬁ& %ﬁsﬁa%ﬁ%ﬁl}rﬁ)repared as
described abovelfag: (dilgsfs g ihenmt penctiyeratec by 18taor 60 4peRBIPtand toluene (50mL) were
stirred comsinugyBbyesitl heatgdstorafiux atanrl Gufay prpsriedipfcd®h | ihavalushe was decanted off to

2 . The produns 8 B T T ik L CIWS to coni complete.
. The produ 4%, n y an to confiti complete
conversion anoa'lf:écgif‘g@ﬁeé @@%ﬁ%@%ggﬁé% H2CH20-
C(0)CH2C(=CHi2)e{f0d0CH2CH2-NHC(0)CF(CF3)0C3F7. Example 8 35Ethylene (25 g) was
introduced to an autoclave charged with C4F9CH2CF21 (217 g) and d-(+)-limonene (1 g), and the
reactor heated at 240@h¥éme 223qrs aT hndrptociciovvasusoiliredchyrgedwith distillation to provide
CAF9CH2G F2CHiRLiHR AR UDINg:$uligda-acich{dmel) wasridded-stovwiydaddmateC

CAF9CH2CF2G %Q% S?%J‘g?g&f&& \Wassbiied 4 095 IaY dsrillpidiso G gaction was quenched
with ice-cold 1.5 wt% Na2S03 ?ueous so]I_utlon and Sheated at 95C for 0.5 hours. The bottom layer

Was Separated%&%%ﬁgﬂ% I Furming sulfuric acid (70mL) was added slowly to 50
g of C4F9CHHCF2CHCH2I and mixture was stirred at 60 °C for 1.5 hours, The

reaction was quenched with ice-cold 1.5 wt¥% Na2SO3 aqueous solution and

25 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
C4FgCHaCFoCHoCH2OH bp 54-57 °C at 2 mmHg (267 Pa).

The esterification procedure of Example 1 was used to make
Di(1H,1H,2H,2H,4H,4H-perfluorooctyl) maleate (7.76 g, 95% yield, 95% purity)
30 by the reaction of maleic anhydride (1.07 g, 11 mmot).
CyFoCHrCFoCHACH2OH (7.13 g, 22 mmol, prepared as described above) and
p-toluenesulfonic acid monohydrate (0.21 g, 1.1 mmol) in 50 mL of toluene at
111°C for 40 h. The pale yellow product was analyzed by THNMR and LC/MS
to confirm the structure as C4FgCHyCF2CHyCHOC(O)-CH=CH-
35 C(O)OCHHCHACF2CHaCyqFg.

Exampie 3
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wt% aqueous sodium acetate and distilled to provide C4F9CH2CF7CH2CH20H bp 54-57 C at 2
mmHg (267 Pa). Itaconic anhydride (0.75 g, 6.7 mmol), CAF9CH2CF2CH2CH20H (4.37 g, 13

mmol, prepargd as descibed above), p-toluenesulfonic acid monohydrate 10 O.:ZL(% 04%.6047 mmol) and
toluene (50 %Efwglrﬂgzr%ﬂuxed for a period of 19 h at a temperature of 118 suﬁlng pale yellow

liquid (4.53 g, 90.6% vyield, 72% purity) was analyzed by 1H NMR and LC/MS to confirm the structure
as C4F9CH2CF2CHEERZHE(EH @ilwha Girsda) O G2 Cha26ad 2aAF9. Example 9 15A mixture
of ethanolaming 3@ 248ra3i9h 13 gﬁﬁ%@ﬁ%%ﬁ&@%§9%b?gﬁ&ﬁ§%actor heated at
Perfluoro-2-methyl- -fox?gﬁxano uoride { &g.lnle h(% SQammecﬁsﬁ?lggglg tgrol%vv\{l € 10 keep the
reaction tempe?ré ufe BeloW BT ARdF thahd: iR, 56 PEacion MiXiure Was stired at room

temperature fof ¢F@ Gdee FrieCEafcRabsAepvveriotaliefisic ahantdintied Waewthed with
hydrochloric agid (NN 3020 mavaitsy (2 Xinte 033 mb)) sediwatddydrofeiCdariionate solution (0.5N,

(ZjQ rgt_), water (3G @h@ﬁgxﬁﬁ‘é%@gf&@&%ﬁw@rﬁ(ﬁ%ﬁ | hgggaxww@l@t&m conc?ntratsd flnf
ried in vacuum over night af room ratyr ive a white soli ie %. Analysis by
NMR and F NNRERSWEFHE BFB"'éugtmv?g%ﬁiPtj?@e 1%%?3’55\{-\/%"& uﬁ[-l §§<%ﬂﬁé%%cﬁ%@5)0§g§minoethanol, 25
C3F70CF(CE3yconi arthpoMuciticehi 20 Hydpoe 10 nt; Etvhfagnate and
C3F70CF(CF3)BQ NI 2cart2@hb (4 ddyglidid mimoto piepareddapaesctibEkabaie), p-toluenesulfonic

acid monghydrate (@ k04900 IMURRGakENE: (50ral)Wese-aadeskiagatharRnd heated to reflux

at 111C, with continuﬂzilcé1 tlrrinié%, 30for 40,h. There were two no{,il]cea etsHIid materigl§1 present within
a d ati0n Provige

the toluene soIWﬁE)eﬁ "B |sﬁlr§10ﬁ3%?§lse emovedand the W altt% so? was vacuum filtered. Both

materials weretbhBIgged byfotie KopndrHasHirfdBd @ag-tR2 Biniakh: sbnd4vas thatgroduct and the
white solid waswni@actéd mizohol (1.22g). The product (2.98 g, 59.6% yield, 65% purity) was analyzed
by 1H NMR and LC/MS to 35 confirm the structure as C3F70CI%FCFBI}[§#{)‘)NHCHZCHZOC(O)-
C(CH3)-CH2C(0)0CHIEHo M ®EFS) b s k4 it a bt 2 CHeRAC R B B as introduced
to an autoclave£hagd G WthICHRIOHaERE R 2t ghairbov e Himbnermifong) agidd the reactor heated
fét ZgOC C ftg 1221ﬁt9w1§;<i2}r£@(prpﬂg,0® .ﬁ?ﬁﬁfﬁ@i?&ﬁd %}hﬁﬁ@@mﬁ%}sﬁﬂﬁﬂlﬁﬁkl&@ Riguide &nd
AF9CH7CF2CH1CH21 .Fumi ricacid.(70mL,) w t
C4F9CH2CFZ%f-:il;?L‘%lt-?Zr o %ﬂ%ﬁ?e%&ﬁ?rég gtolg%&@%r%%?ﬁg%rgsaT §1 rei%éﬁ%fﬁvl\ias quenched

with ice-cold 1. 51ffssuineaeis Lol iewdi(ich and Aenedhret e iy s Ao arVEAE bottom layer
was separatedantHvdgRezhavith/ MSvekoatjoeous sodiure aceiFeCainCBxtHedTa-provide 10

CAF9CH2GF2CHZEHIOH (PRE4aTC I GamRty, (26 BarF,_cEH@ganic anhydride (0.75 g, 6.7
mmol), CAFOCH2CF2CH2CH20H (4.37 g, 13.3 mmol, prepared as described above),
p-toluenesulfordizaseittrhonohydrate (0.13 g), and toluene (50 mL) were refluxed for about 46 h at

112G, after which only e e B NT00%E TYF IO AR AR A B 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
25 introduced. The vessel was heated for 24 hour at 110 °C. The autoclave was
cooled to 0 °C and opened after degassing. Then the product was collected in a
bottle, The product was distilled giving 80 g of C3F7OCFyCF2CHCH21 in 80%
yield. The boiling point was 56~60°C at 25 mm Hg (3.3 kPa).

A mixture of C3F70OCF2CF2CHCHol (300 g, 0.68 mol, prepared as
30 described above) and N-methyl-formamide (300 ml.), was heated to 150 °C for 26
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
35 product. The crude product was dissolved in ether, washed with aqueous sodium
sulfite, water, and brine in turn, then dried over magnesium sulfate. The product
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15work-up was carried out as in example 1 to give a pale yellow liquid (2.98 g, 59.6% yield, >99%
purity) which was analyzed by 1-1-1 NMR and LC/MS to confirm the diester structure as
C4F9CH2CF2CH2CH20C(0)C(CH3)=CH2C(0)0CH2CH2CF2CH2C4F9. Example 11 20Ethylene (25
g) was introdR &4 % 2 autoclave charged with C4F9CH2CF21 (217 g) A SR e (1 g), and
the reactor heated at 240 C for 12 hours. The product was isolated by vacuum distillation to provide

CAF9CH2CF2GH2GH 2 stumingistifasie acitaAmIs, WasdsieH siowy 86 GOyt
C4F9CH2CF2§K%M& Qt%%t%%ﬂa%%ﬁﬁfﬁﬂlﬂ%ﬁg%ﬁ% Jﬁ,g)_hours. The 25reaction 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 waskedawittoddwi%s doaepls Isediltandcetate fakidistiiatite fiddde

CAF9CH2CF26 RACHZ0K O 28, FaRmHo§2e 41£a) 17 BRsi19pasRAIgacid (0.87 g, 6.7 mmol),
CAF9CH2CF2CH2 I—%Q&I 3 (él_.% u%ijé 1@1@9"83’8 %B%d as. gﬁgégibe% %gggiﬁﬁaluencsulfonic acid
monohydrate ( ?i%, 87 I)t an Bitens (%3 m 3’ were stirred ¢6h Inuously together and heated to
reflux at 111C oome 5ok wstkmp ¢ desabresndscdinsd o eldsaint Bdm I%ef’.a%e resulting white
solid (2.52 g, 5486/ yield:; BO%¥a@E L) was diied-99% vedtwo\aealgrd apaliZeésiRy 1H NMR and
LC/MS to 35copfir M ihesSiEuGiRPhe structure as C3F OCF%EIC"%E%E%OC(O)'

C4AF9CH2CF2CH2 H= I}!@éﬁ _ Example 12 Ethylene (56
g) was introduce%ﬁ%%gn@@%%a?v%ﬁ@harg %ﬁ%}i 2?éziI%ZCFZ)Zl (714 g) and d-(+)-limonene (3.2 g),
¢

and the reactorheaigd st 240C for 12 hours. The product was isolated by vacuum distillation to
provide 5 C4F9(CH2CE2)2C1-12CH21. A mixture of C4FICH2CF2)2CH2CH21 (10 g, 0.02 mol) and
N-methylformamide (819 fik b0x18 PR8I Ay Hedied tovesormgdoethiclipdyise gieRlre was cooled to
100 C, followeddoysiheladdiionmafcaatentgasgpatatenine Icddaobstend Bthylladdohol (3 mL) and
p-toluene sulfopig acid Q.09 GhWaEG AACRH ANE IR iy rasiabal7B 5 {ohdBShours. Ethyl
foonate and 10@@% airléz\(irol ere removed by dlstlrl1l tion to give aff}gug%#roduq. The crude product
was dissolved i EHEY &éﬂgﬁr\ﬁﬁﬁﬁlﬁ BRI hPS GORBILR Y A WaE8Fand brine, in turn,
and driedéver hhagapridhegtafaes ronsrdicerp tovilisbomeapt del dinoreHzesaypEH2C1-120H (6.5
0, 83 % yield): fop: 940RICHaka Hkdr 916266 Ba’)m‘gﬁiﬁlfat&glmmgjc”Blﬁ&d;_}(ﬂdﬁtg;e&a&smmol),
ClescrRCeRtE R s o e el v,
p-toluenesulfonic gcid monohydra . and toluene (50mL) were stirred continuously
together and hgg’{@%{gi}@ﬁfg}?ﬁ}ﬁi {(g’rEx g%’eﬁlo nglﬂ%é e 5?3§9é§%{§v%?sa rrﬁig%llfored by LC/MS and
the removal of WtslerOdbeatrspieanss ativaveddagernysliovPenligssHiisranlarg fakeied with 5%
sodium biparbdsan® §olTtie retofoalifbe: filtratemtdscdepakal ddpdingdheacigamnia lmyer was washed with

5% sodium bicgrhonatepalution Pk, and e drieniZaH wAek ROMEY Thgpeombined organic

extracts were dipd over AU MIROA ISR QlENE. 30 1P CR05STIRISS, (440 s0mmElg

separatory funnel. The ether extracts were dried over MgSOq, fitlered, and
concentrated in vacuo on & rotary evaporator to give a liquid (119.0 g) 'HNMR

25 in CD;0D, and analysis by gas chromatography both showed a small amount of
diethylene glycol. This material was dissolved in 150 mL of diethyl ether and
extracted with water (3 x 150 mL) in a separatory funnel. The ether layer was
dried over MgSQy, filtered, and concentrated in vacuo on a rotary evaporator at
high vacuum to give 2 liquid (99.1 g) "H NMR (CeDs, ppm downfield of TMS)

30 shows 97 mole% desired mono-PPVE adduct: 1.77 (broad s, OH), 3.08-3.12 (m,
OCH:CH,OCH,CH,0H), 3.42 (t, OCH,CH,OCH,CH,OH), 3.61 (4,
OCH,CH,OCH,CH,0H), 5.496 (doublet of tripiets, =53 Hz, Jyr=3 Hz
OCF,CHFOC;F-), and 3 mole% of the bis PPVE adduct: 5.470 (doublet of
triplets, e = 53 He, Jys =3 Hz,

35 C3F,0CHFCF,0CH,CH,OCH,;CH,OCF,CHFOC;F7) The other peaks for the bis
PPVE adduct overlap with the mono PPVE adduct.
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25 (4.14 g, 8 1.5% yield, 85% purity) was dried in a vacuum oven and analyzed by 11-1 NMR and
LC/MS to confirm the structure as CAF9CH2CF2CH2CF2CH2- CH2

OC(0)CH= CHCHZCE 0-CH2CH2CF2CH2CF2CH2C4F9. Example 13 Et as introduced
to an autoclXREYIGE: gas\Nith 30 C4F9CH2CE21 (217 g) and d-()-Iimone%éq({}lﬁg?%l{ﬁr%%évreactor
heated at 240 C for 12 hours. The product was isolated by vacuum distillation to provide
C4E9CH2CF2CH2CH2ﬂiX|ﬁUthIﬁg1$l&iﬁJaiﬁ1?aﬁiﬁﬂc(IOﬁﬂ_g Mdsmmadied slowly to 50 g of
C‘:E9CH2(|3dFi€ ; zii Uﬁg@ﬁﬁ@ ﬁ%@z%ﬁ&@%%pﬂa@ geasbion yas quenched
with ice-co q‘% Yo V\E % ueo gsa C?u %m%% da 5[ 5 € ed{sﬁ 5L§ours The bottom layer
was separate HE&: g fith "1 Wios s ium a etate an fled o prowde
CAF9CH2CF26&2¢ FIpNopy s5eesther @T@ﬁﬁ‘?ﬁﬁ@ (2@‘?"%)“4 Cforreneriesfiorrlas undertaken by
reacting maleidankydticke 2sQ0:dir2R dnoia owith C4FA@HIACFRGH2GH 2O H1®68 g, 20 mmol,
prepared as desggbestsahars), £ IRarlan as susiained  f0G oraperiafaf 34 h, during which
aliquots were ri gw SIS 0yvhlte sol%%k?ﬁuddef&\ﬂ/@ tgu %§% yield, >98% purity)
W ¢ an Ly(l,c (’(],‘)onl‘rt n t WEIESE

was analyzed structure as

C4F90HZCF2€QIIQEH@GG‘€G)I@FQ@-@P{‘G(®)UHO theaisster tud TR iafetite, prepared as described in

Example 13, (&6B-g)AFHGME) Hs @hluexgstisnieG e nbi@r e D88 2)1.7 mmol) and hexyl
alcohol (1,60 g¢-f4 Papel e xge together along with toluene (50 mL). The mixture was stirred
contlnuously together'and heated to reflux at 114C for 19 h. The work-up procedure as in example 1
was conducteditaupmdeltice a clear liquid (7.14 g, 89.3% 15yield, 98% purity), that was analyzed by 1H

NMR and LC/MS to confirm the structure C4F9CH2CF CH2C 0 0-(CH2)6H.
Myihrierdody o b e it T w %fpﬁa% ey

ptoluenesulfon&fwlwm@ﬁw%m@(@%@@ @mﬂmy{&ﬂw@wgmﬁé 2618, 77 g, 10 mmol)
were added togateralingcwith: teluboe (P sald Thieragntentscweke refiunted forid fo at 114C and the

rty) e g A By b xed ot and h
structure as Zﬁﬁﬁﬁgﬂﬁfgﬁgglﬁ@ﬁ@é@w@% W&‘ﬁ% ?ﬁ'}é g%‘xilml 2 16IeS cha;]r; °
maleate, prepareiidaaddiereii wxestiplstiy pédy vaie Wﬁ%etaﬂdﬂ%ﬁﬂapsﬂ%@éﬁm (IPA, 31 Q)
were added togethercas 3G it the aixitakmvad dissbivent abbutrlOuoninutetrdquéous sodium
bisulfite (0.17 Qh&;@é@lﬁ%&?%ﬁa}ém at 160 psig (1.205 MPa). After about 67g of ethylene was
20 added, both ethylene and tefrafluoroethylene feeds were stopped. The reaction

was heated at 70°C for another § hours. The volatiles were removed by vacuum

distillation at room temperature. A solid of oligomer ethylene-tetrafluoroethylene

iodides CoFs(CH2 W [(CFoCFa(CHoCH2) i1 (773g) wherein k is a mixture of 2

and 3 in about a 2:1 ratio was obtained.

25 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 150°C for 19 h. The reaction mixture was washed with water (4 X
500 mL) to give a residue. A mixture of this residue, ethanol (200 mL), and
concentrated hydrochloric acid (1 mL) was gently refluxed (85°C bath

30 temperature) for 24 h. The reaction mixture was poured into water (300 mL).
The solid was washed with water {2 X 75 mL) and dried under vacuum (2 forr,
267 Pa) to give a solid, 24.5 g.  About 2g of product was sublimed. The total
yield of oligomer alcohols C;Hs(CH2)L[(CF2CF2)(CHACH2) ] -OH wherein k is
a mixture of 2 and 3 in about a 2:1 ratio was 26.5 g.

35 A mixture of maleic anhydride (1.74 g, 18 mmol) and
CoFs(CH 1 [(CFaCF2)YCHACH2) Jk.OH (6.26 g) were stirred continuously
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30dissolved in deionized water (8 mL) and added dropwise to the isopropyl alcohol solution, which
was then heated to reflux (86C) for 26 h. The isopropyl alcohol and water were removed by rotary
evaporation followed by drying in a vacuum oven at 50C to generate a viscous yellow liquid (1.70g.
57.6% yield%%lﬁ/ﬂpﬁ > which was confilined to be the diester sulfonatePByE WEPARY Leims
analyses to confirm the structure as C3F70CF(CF3)C(0)NHCH2CH20-
C(0)CH2CH(SaMaGiid) 0c6iddka ChH12N ity B4 h (R Ma)QGated. othecprdeiutl waslevaduated for CMC
and surface tepsion hevaRd 48 GM Gy TestMeaihpd datbe RaisiRreishown.ind gple 2. 5 Example i
ot

The maleate, preparedas described in Ex le.2, (7.74 g, 11 mmol) and isopropyl alcohol (31 g)
were stirred cdiiRaBT gﬁ @f%ﬂ%%ﬁ%]eg%g%g%%%ised to 61C and then a solution of sodium

bisulfite (1.09 &;-F1CHHE) (GBI ThCdidki 2l WaHFrB3HD)OCHad beibgd idseiie. The mixture
was 10heated ta.76fl12 ahancd)cvatedHgrp R CE Of @2 Foh RO (BLt® soluiemwds concentrated to

remove the isopepybalcaliAIEL-Rellian: Bhe Amaipngpalglloudiauiipgs dried overnight in an
oven to produce a white solid (6.96 g, 78.8% yield, 98% purity) and was then analyzed by by 1H NMR
and LC/MS to ESHHii {‘HE‘%‘ER@JF%iiétéag%’”zfgﬁbcégéﬁ%‘&ﬁig’ ﬁfg?ﬁf@‘é’)%Na)c:(O)o- 15
CH2CH2CF2CHZEAPD Withe Bt 8 wa S bwdlu sy Tor NG afidcdgiadé i tension beyond the CMC by
Test Method 1 etithyestiltans bonsrinafiahlend, danih s preadipg dneyielohésane by d edtdviethod 2, with
resuilts Shﬂ:Wn_kB}Ja%@{?ﬁd»éEﬁ(h%@% JRid o malaale-prepasdas descried inFremple 3, (2.88 g, 3.3
cocium bisulfe LRI HETRHON: e i R BORS SSlC the white sofd
sodium bisulfi . : ; ais ' € mL), for . The white soli
(2.58 g, 80.1%SieMPIEIB % hurith fvHo Bofisbied:byluoricsaifdtivi g tREEsopyRdidohol/water solution

and then dried | avacyum oven overnight. The product was analyzed by 1H NMR and LC/MS to
con:film 25 the Strutturé as C4AFOCH2CF2CH2CF2C1-12CH20C(0)CH2CH(SO3Na)C(0)0-

CH2C1-12C F2CH2CE&QH@@@?@&H&H&@ﬁ@@{qs\@agma{ugt@mfah&m and sutfaggdension beyond
the CMC by Tagt Meihad Ayl sIRULITAPIRGHBRMSR/sRAIg 90.fyslohexanc by Test

Examplo 4, (4 05 SR 1E3pIEAILOHETIEES) B K25 b AAIL 0,28 6, 2.6
mmol) dissolvedidnmedesionizedwatess(simd jturere sinsttontauoushptor Therselidemperature of 82C.
The white solid:¢h38d, b9t iielsh s Hitpue nas kallectied kyxaiarc avap@ratngthe isopropyl
alcohol/water Sé)lﬁt,i%t%pfjl %@St%ﬁé)pggﬁﬂﬁ; wogggga%&m%moq}vmﬁ hg) PJEY! uct was analyzed
by 1H NM2I§ anwater (30 mL), and sodium chloride solution (saturated, 20 mL). It was then

concentrated and dried in vacuum over night at room temperature to give a white

solid 35 g, vield 95%. Analysis by lH NMR and F NMR showed the product

was N-{perfluoro-2-methyl-3-oxahexanoyl)-2-aminoethanol,

C3F70CF(CF3)CONHCH)CH,OH.

25 Itaconic anhydride (0.67 g, 6.0 mmol),
C3F70CF(CF3)CONHCHyCHyOH (4.44 g, 12 mmol, prepared as described
above), p-toluenesulfonic acid monohydrate (0.11g, 0.60 mmol), and toluene
(50mL) were stirred continuously and heated to reflux at 111°C for a period of 25
h. The toluene was decanted off to leave a yellow, viscous solid. The product

30 was firstly air-dried and then placed in a vacuum oven for 2 h. The product
(3.62¢g, 72.4%, 65% purity) was analyzed by TH NMR and LC/MS to confirm
complete conversion and the structure as C3F7OCF(CF3)C(ONHCHCHyO-
C(OYCHH C(=CH7)YC(O)YOCH2 CHy-NHC(O)CF(CF3)0CaF7.

Example 8

35 Ethylene (25 g) was introduced to an autoclave charged with
C4FoCH»CF21 (217 g) and d-(-+)-limonene (1 g), and the reactor heated at 240 °C
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LC/MS to confirm conversion to the diester sulfonate and the structure as
C3F70CF2CF2CH2CH20C(0)CH2CH(SO3Na)C(0)0- CH2CH2CF2CF20C3F7. The product was
evaluated for CMC and surface tension beyond the CMC by Test Method 1, with results shown in
Table 2, and"®BHYEHR#S on cyclohexane by Test Method 2, with results ShEW 1 P4BE!3. Example
20 The maleate, prepared as described in Example 5, (1.49 g, 1.8 mmol), isopropyl alcohol (31 g)

and i‘que0u§ S@?m&iﬁﬂfm@e Bsha \:Za&ﬁsm@l) Bissplived nsdaianisesira®e (14 mL) Kverehmlxedl y
together and r e e white soli
(1.46 g, 87. 1%??%&35?9@; &%%ﬁ%ﬁr‘%ﬁ% érlrleg ﬁgev%%%nﬁésgggr%%% a q?a.ﬂpl by 1H NMR and
LC/MS to confdirahes ﬁ@ﬁ?@%?&‘#ﬁéé@:ﬁf@ﬁéo@ww H(SO3Na)C(0)0-
CH2CH20CH2@H@@@ESZQIEBHD@@W?11 iEheqgdotbotiasSevilyawndos ©Mdanddl5 surface tension
beyond tp«s C?M@a’%% Jteﬁstl VMethod imwgh"rﬁwlsﬁ&h@w&iw%ad@{ﬁ%te@r@@W@@ema@mgyclogexanbe zy
Test Method 2 results T as described in
Example 6, (7 %%/Lt mmo‘% Cetatgr%hgly%sﬁ %mﬁ(g CAl\e/v% ;ﬁ%@ﬁ%@f ?&{ ’C“)R'F ?E?h the solid had
dissolved in Zd’:‘yb%f%% %%&Hﬁ%ﬁ%@&%ﬁ@%us sodium blsulflte (0 91 g, 8.7 mmol) dissolved in

deionized water (43 m&éo\gﬁs&m gr@d750 t%@;ﬁw uxed at 82C for 20 h.
The isopropyl alcohol/water solu cLon was, re ove by r tar gloratl qéty@n the orange/brown
solid (7.22g, 8%:39RRk, BSBA ?ﬁ)%esﬂl?gdp todU t?/va? uﬁﬂéﬁ %?701 K&LC/MS to confirm

the structifie 26)d3 @AFSOMRAHECRRPOR £5(CPRORD RBEM) bFEDFetofold b at &
[(CH2CHACF 26y hife b2 QRRAT 2fhe whiehgia faile aetixtuiqual @ aa¢,3inc&2:ikiatia?d he product was

evaluated for G e%uqém Ace densienbayans e GG b FestMeibad.d; the results are shown in

copropyl alcolt @%@@iﬂ&fﬁmﬁ E B oS D OR e TR CHAaNE St Socium bisute.

isopropyl alco
(0.45¢, 4.3 m@gg@g@lved in dcionized water (21 mL) was added slowly to the solution and the
temperature was raised to 82C for 23 h. The isopropyl alcohol/water was concentrated to leave the

yellow getdike produck 88(8:73cd e8Rrblanyiatd 1 7396 paming)) widahbards prakewin e0oleuum oven
overnight analygeg-py bktiNMB-2nekihGINSieheonfym e RleUgBIEEmMGher 50 mL) was

03F7OCF(CFsg%@a%%M%%Fggﬁfﬁgﬁ?g%ﬁ%@%@% k@ng%gF&gFgaocsw The

product was evaluated for

y thod 1, with results
shown in Table!s, SIS FREGHG G SJEShEXSRR (RPediif Bﬂngi\%’h P&? PZ(IEWn in Table 3.
Example  Thenitacdhutdlptapared the Glostrives indsdmiphehgd(ecbme 2cm f9Adl) 3fsopropyl alcohol
(31 g) andaquegysweasivmiisyiien0) 2% @ua Fynmal) dissehvessimaeiorizad waier(14 mL) were
refluxed for 22 @;Irz unregctg%%% Tﬂ%ﬁﬁ?ﬁf&'@ ﬁl‘t?énv(?ashﬂgt%rc?%(?glﬂgdlt"%@ai%%w'th deionized water

(50 mL) to 10remov S03. The |te dry solid Q Ig 1.5%.yield, >95%
concentrated and dried 1n vacuum over night 4t room temperature to g1 e a white

solid 35 g, yield 95%. Analysis by IH NMR and F NMR showed the product was
N-(perfluoro-2-methyl-3-oxahexanoyl)-2-aminoethanol,
25 CyF7OCF(CFy)CONHCHCHOH.

Citraconic anhydride (0.67 g, 6.0 mmol),
C3F70CF(CF3)CONHCH>CH)OH (4.44 g, 12 mmol, prepared as described
above), p-toluenesulfonic acid monohydrate (0.11 g, 0.60 mmol) and tofuene (50
mL) were added together and heated to reflux at 111°C, with continual stirring,

30 for 40 h. There were two noticeable solid materials present within the toluene
solution. The pinkish solid was removed and the white solid was vacuum filtered.
Both materials were analyzed by LC/MS, which confirmed that the pinkish solid
was the product and the white solid was unreacted alcohol (1.22g). The product
(2.98 g, 59.6% vicld, 63% purity) was analyzed by 'H NMR and LC/MS to

35  confirm the structure as C3F7OCF(CF3)C(O)NHCHCH2OC(O)-
C(CH3)=CHC(O)YOCH»CHaNHC(OYCF(CF 3)0C3F7.
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purity) was analyzed by TH NMR and LC/MS to confirm the structure as
C4F9CH2CF2CH2CH20C(0)C3H5(SO3Na)C(0)0CH2CH2CF2CH2C4F9. The product was evaluated
for CMC and surface tension beyond the CMC by Test Method 1, with results shown in Table 2, and
spreading owefl’)lic?ﬂ}g%@ﬁe by Test 15Method 2, with results shown in TaBFengsg?é@BFeMM The
citraconatc, prepared as described in Example 9, (2.96 g, 3.5 mmol), and isopropyl alcohol (31 g) were
stirred continutastyitogether and heated to reflux. A solution of aqueous sodium bisulfite (0.37 g, 3.5
mmol) dissolved in 20 deionized water (18 mL) was added dropwise to the mixture. The solution was

maintained at 82C foF@3l#rerRe SbivioRtrduces e spraiRe IR $tecdotitRable layers were observed.
The small top EyeyGias Fell (N Treretdut-andithenbottOng wasiviiteaEachekdyénriild§ analyzed by

}HNMR,IWlhichcﬁ@&fi{mﬂfﬁmﬁ%mm?ﬁg@&waﬁ&% %M&Fméﬁl&@iﬁlﬁb%xﬁﬁﬁ?@frd was tlestt_edd?n .
isopropyl alco nwater,.and the alcohol. also similarly,t : esults indicate
that the p%du?@%s s%%f@sg%iﬁgv@ ia'r E% nl"’l}goﬁ%?é é‘?na?éogf%‘b‘%?a‘@%ﬁgﬁ%ﬁ?%ﬁg %) gpso ite was true for
the alcohol. THYE/GRE Bt iAns BBy st AIShdt iRtslwdeiFbel fiSmoved by filtration
when water wasaadoled aifaueycbttheistartivgladid refridiagd Ghisquould sebttaffestdhe surface tension
reSl;_ltS- Thhe 30,batiprndayert? $2 s SfheyislthrS Ry pHEDApAsanMYZee kg WINMR and LC/MS to
confirm the strycture as : . .

03F7OCF(CF:§§ &ﬁ&?ﬁ%ﬁ%@@%ﬁﬁ%ﬂ?ﬂ5)"6&’0%%?5%2NHC(O)CF(CF3)003F7. The
product wids evatbistder fdraEfed Hacd ehdot bEYBHE (RE/CRIC by Test Method 1; the results
are shown in Table 2 : i t I%ﬁﬁ“l j in Example 10,
(2.70g, 3.6 mmolé) anC %éﬁ%%%gﬁe p(??- )%ﬁ?&%ﬁ?ﬁ 50C UQ%?%iSSONGd; about 10
minutes. Aquebl 7%&%%%%&50??%%@ B WG he RIS I GBTized water (15 mL) and
added dropwisedoolhaiisieofoby L alevhtllselatioh rBwiiers wrabLise monebeat 46 apfout 82C for about 22 h.
The isopropy! algpipkasdwiaiRbwenad afaaesdy betandavapeationsielelss herying in a vacuum
oven at SO to,gie g ATl 0.1 50,0 R0 BBl B 0¥k hishanas analyzed by 1+
NMR and LC/M$ fo confirm the formation of the diester lii’u ffﬁ;{g@%n‘d e structure as
C4F9CH20F2é%%ﬁ§@d8?&ﬂ§k@%ﬁ\’l§)Wfé BEOYEERSC > Phe product was
evaluated for Gdramihsdidsice sension dseyond the CMC by Test Method 1, with results shown in
Table 2, and spgaging OPCyeialiexanechy (TR st Methad @) 00t esyts soema RgT able 3. Example 26

The trans-glutaconate, prepared as described in Example 11, (2.52 g, 3.4 15 mmol) was added to
isopropyl alcohgt@eig) hnd heated to 60C. At this point a solution of sodium bisulfite (0.31 g, 3.0

mmol) dissplved in d ioni ter (15.m dded dropwi nd the temperature was raised to
82C for 2 Gh. The pa%%%%g\gveggﬁ% ‘("(;23 %lé;g&)dy %‘%%%%%%&%t e(g/jv‘étns{%aneélyzed by 1IE1 NMR and

W
. g
LCIMS to confitFeferatdal izl e ddpplrponepic Ehoedoye seonpeatcd at 240
(SO3Na)C(0)0EH2CH2ICECHR: ChR e Tres proeadbwascaval atisdafomCnMeoatss surface tension
beyond the CMEiycFestiMetiacb theuresglisidae dacl@biendl.) was added slowly to 50 g
of C4FgCH7CF2CHCH)1 and mixture was stirred at 60 °C for 1.5 hours. The
25  reaction was quenched with ice-cold 1.3 wt% NasSO13 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
C4F9CHCF2CHpCH2OH: bp 54-57 °C at 2 mumHg (267 Pay.

Trans-ghitaconic acid (0.87 g, 6.7 mmol), C4FoCHaCF2CH2CHoOH

30 (4.37 g, 13 mmol, prepared as described above), p-toluenesulfonic acid
monohydrate (0.13g, .67 mmol) and toluene (50mL) were stirred continuously
together and heated to reflux at 111°C for 24 h. The work-up procedure was
carried out as in Example 1. The resulting white solid (2.52 g, 50.4% yield, 80%
purity) was dried in a vacuum oven and analyzed by 1 NMR and LC/MS to

35 confirm the structure as
C4FoCHrCF2CHYCHAOC(0)YCH=CHCH7; C(O)OCH)CH CF2CH CyFg.
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Example 27 The trans-glutaconate, prepared as described in Example 12, (4.08 g, 4.6 mmol) was
added to isopropyl alcohol (31 g) and heated to 50C. A solution of 25sodium 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¥0r3H84%52fhe yellow solid (3.94 g, 86.3% vield, 90% purity] WHEFEHEMES by rotary
evaporating the isopropyl alcohol/water solution and analyzed by 1H NMR and LC/MS to confimi the
structure as C4k89&pld CF2CH2CF2CH2CH20C(0)C3H5- 30
(SO3Na)C(0)0-CH2CH2CF2CH2CF2CH2C4F6. The product was evaluated for CMC and surface
tension beyond the G By TeseMEth diredusedivsuntauinelaariarasdraBie 2. Example 28 The

maleate, prepatgHyaSHIsSEsie d7itv izxamiple-18lith2éh g ( DA mal Hland-Bkisbpriepylk alcohol (31 g)
‘é"_er?f_*t‘e%eggtoz%’ﬁ}i%&“i%tﬁ&dépl@ﬂ@lﬁﬂﬁﬁ\é;f %Ehi%o%ﬁl%té 19 @é%ﬁgh{%ﬂﬁﬁﬁgﬂféﬂ?cﬂ -p*?tﬂlﬂ@@d i us Solditl_lm ]
isulfite (0. issolved in deionize r r e solution an
the contents w%?% %%Egg ﬁ%@@g?g T rFsB%%&ﬁéééﬁﬁ%&?i@%?&ﬁgﬁ %?a8$6?otary evaporated
to leave the whnelssENAEE Y feongmididla? 0ol st hestah 280 GYNMR and LC/MS to
confilin the structure a8CdikOEHRE 2G0T @HROGR)GH BE HESAEN@)G(0yaktr The product was

evaluated for QMG and surface {Rpsiembeyeprbing HMGry hsskMathosh; araateltxmre shown in Table
teQ % 13.9 mmol) and
u

2. Example 29 Th ed, dicster, prepare ribed.in Example 14, (7

isopropyl alcol%lv(gf 6? eg;aé%g??ela%%%ﬁr%%ﬁgél?%@gg%ﬁ (gg%rﬂhoe%%e%#)fogé& i Il_ the two liquids
became miscitsTéyhgcink svebieme BréUitdita8qy oo darroY e dlifcdEidhized water (70 mL)
was transferregrialthewaidisseiaadithelcontenisdveid 1efiixedwoirBRaiab82€dikine isopropyl
a|00ré°!/Vé§ter sQbefienyas zf%\éﬁtﬁ%%z 2 é‘%ﬁgt&fﬁ,%ﬁ heydvte rﬂ@éﬁ&@!ﬁ%ﬁ%?&ﬁ Q)i&ﬁ}ég%nyie'g , 98% F;}inty)h
was dried in vacuum ogven for, e pr twW a to confirm the
structure as C%V&ﬁg%ﬁf&qgﬁﬁﬁ%é?w é@%@)@%}%& Zf%ﬁ%ﬁiegsr%qgég was evaluated
for CMC and stfrfaice #snslen96yid the CMC by Test Method I, with results shown in Table 2, and

spreading] on cyclohef%gg_gpé%&% %tiq%g égi%&g@%ﬁfhown in Table 3. 20 Example 30 The
asin e 78 Q, mn

mixed diester, prepare xarz?ﬁ % . ol) and isopropyl alcohol (31 g) were added
together and hgéfglﬂ:?&%@qgr?% RatdlALGintich b SRlmTBRaGTES @ 5%8IB°Y .5 mmol) dissolved

in deionized waber¢3 privll}aves Hode ddo thensbjutiain Ehilthe ot xueel wad heatad to reflux at 82C for a
gel prodit (4.56, LMt yiok SaBt ooy hek e et eocr o [ MR, 206 LEIMS 10 confirm the
gt?uﬁ[ﬁre as cfﬁb%dﬁgc{,%cfﬁec%%e %O zé@%&f@%ﬁ&%@ﬁ%ﬁ% C%gé(lim éI'rhe product was
evaluated?for CRICIRRIFS o bR @REEHEHY R i eiEss Fadmairba il 17e RUUYs are in Table 2.
30 ComparativeiExeomuiesal Wate( by dFicke((0:88 wa6sspmatel jandHitlr2anic yepadiuoro-1-octanol
(4.74 g, 13 mmodsnpdtelyeressitanis seidvhanebydte @R i thddwaitl ioxned) and toluene
(50mL) were a%‘?eq E?o%ﬂ?s%@“goﬂx%%’i‘ég 3%58]‘&“3&&%%%9@“&%@(1 over anhydrous MgSO4

and the toluene was then concentrated (140.30mmHg, 67°C). The orange solid

25 (4.14 g, 81.5% yield, 85% purity) was dried in a vacuum oven and analyzed by
1H NMR and LC/MS to confirm the structure as C4F 9CHyCF2CHoCFpCHp-
CHy OC(O)YCH=CHCH»C(G)O-CHyCHyCFpCHp CF2CH2CyFg.

Example 13

Ethviene (25 g) was introduced to an autoclave charged with
30 C4FgCHoCFpl (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
C4qFgCH2CF2CHoCH2l. Fuming sulfuric acid (70mL) was added slowly to 50 g
of C4FgCHyCFrCHyCHol and mixture was stirred at 60 °C for 1.5 hours. The
reaction was quenched with ice-cold 1.5 wt% NasS03 agueous solution and
35  heated at 95 °C for 0.5 hours. The bottom layer was separated and washed with
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at 111C. The solution was separated and extracted with two washings of 5% 35sodium bicarbonate
(50mL each). The combined organic extracts were dried-over anhydrous magnesium sulfate, and
concentrated to remove the toluene at 140.30 mmHg (18.7 kPa) and 67 & The structure of the
resulting liqUfPPBHA8T(1H, 1H,2H,2H-perfluorooctyl) maleate (4.88 g, 95435 NEP4889%6 purity) was
confirmed by 1H NMR and LC/MS. Di(1H,1H,2H,2H-perfluorooctyl) maleate (4.70 g, 5.8 mmol,

prepared as SQWHQQQ@M@M@QQ@Qamig@ﬂmQ%W (isopropyl alcohol, 31 g) and heated to

50C for a peri ng iym bisulfite (0.61 g, 5.8 mmol)
dissolved in dg%ﬁq.%%%%va%&?%ﬁﬁ Waﬂéija%(tj&(rjg% g%pw Ise t %%ééggl tion. The mixture was refluxed for
22 h at 82C. The progra&ﬁmmtﬁhe@kedxﬂyruﬁﬂﬂ@amimmmadmymmﬁaq(]@om& sodium
10bisulfite (0.64,4,5 %nm'@ N5 16 oibisiFe Was) q@ﬁ%%@&@afugt@&%ﬁ% h. The isopropyl

o)
Sild, 0% pu ﬁ%é‘“ as%éﬁo?i%%‘%a ﬁ%%lﬁf%% LR ISR S TS o
of di(1H,1H 2I—PQH-P@?&Pﬂ@féﬁ@b@ﬂﬁﬂﬁﬁé@@zﬁ%uﬁ&ﬁ@éﬁ%&%dﬁﬁg %fr@éﬁﬂﬁr\ﬂl%gzlgevaluated for CMC
and surface tengiam keyand the MG by Test Method I, théResdtsCzxSsbawniniTable 1.
Comparative Example B C @ ﬁ)@g g, 22 mmol),
dicyclohexylcarbodiimide ( %é#% H%l mmo4) and dichloromethane 20CH2C12, 35mL) were
added to a flaskxagpippéd Wlth a nitrogen inlet, overhead stirrer and two stoppers. The solution was

cooled to OC and the citracagnic acid (1.28 g, 9.8, r}F‘dlss.olve rah;edrofln n (15mL) was added
dropwise.'fhe solquﬁ%ﬁ’S‘@ﬁWeﬂf%?@@%ﬁﬁ {8?’321"8 RIS &rERBYRY B allow the solution

to warm to rootaltsnsselfanivecheontitetodsie . tb%ﬁﬁmlém@hﬁxzbaﬂ@éwﬁﬁrﬁg mixture was
filtered to remoyyeriﬁ@tyamg afxkBrekieyep iexylurigathainy asoproduted aserhyvweroduct and then

washed with s § (A ROmInLR BUBKdi PR 38016 H2G2 ok, foncentrated a
378.14 mmHg (k and 46C an product was dried.in a v mo :%1 rs The product
was analyzed t?ﬁ‘bcﬁ a4 Mﬁfﬁ%& l@ﬂ\?l%orw |Wdﬂ:%%%eﬁ1 %WH\‘%%Q)% % Hoester. A similar
procedurelwasmdméa%wfagéirﬁhbuwﬁt#ﬂ@h@%&ﬂbm %%@hé@ldér@ﬁ‘dl%t@fcalﬁmmhe alcohol (6.30 g,
13 mmot), DCGifdecfideds 13 RYOBHENMT GBI eI @ided @ tieiflask and cooled to OC. The
monoester, that was Eroduced previously, was re-dissolved in tetrahydrofuran (15mL) and added
dropwise to th 2The work-up method was carried out 35and the resulting product was a pale

yellow liquid (6.46 g, %9 O%ﬂ-iéa%ld 75% urlt g;l%e(p{ogu%ﬁfggﬁqglﬂ%d 1?)\'1141&3'0!\)”\[48 and LC/MS to

confirm the structure as er [uorooctyl citr
toluenesulfonic acid monohydratc (020¢g,1 mmol) and CgF13CHyCHROH

20 (3.77 g, 10 mmol) were added together along with toluene (50 mL). The contents
were refluxed for 19 h at 114°C and the work-up procedure was carried out as in
Eample 1. The pale yellow liguid (5.78 g, 72.3% vield, 90% purity) was was
analyzed by 1H NMR and LC/MS to confirm the formation of the mixed diester
and the structure as

25 C4F9CH2CF2CHyCHyOC(O)YCH=CHC(O)OCHyCH2{CF7)4F.

Example 16

The maleate, prepared as described in Example 1, (2.62 g, 3.2 mmol) and
isopropyl alcohol (IPA, 31 g) were added together at 50°C until the mixture was
dissolved; about 10 minutes. Aqueous sodium bisulfite (0.17 g, 1.6 mmol) was

30 dissolved in deionized water (8 mL) and added dropwise to the isopropyl alcohol
solution, which was then heated to reflux (86°C) for 26 h. The isopropyl alcohol
and water were removed by rotary evaporation followed by drying in a vacuum
oven at 50°C to generate a viscous yellow lquid (1.70 g, 57.6% yield, 75%
purity), which was confirmed to be the diester suifonate by 1H NMR and LC/MS
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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 50C for 10 mm. A solution of
aqueous sodium bisulfite (1.53 g, 15 mmol) dissolved in deionized water was added to the solution
and heated B PSHUKEIEIC) for 22 h. The white solid was dried in an oveX VR385 g, 53.0%
yield, 95% purity). The product composition was confirmed bylH NMR and LC/MS as the sodium salt

of di(1H,1H,2Hsghisperflainasiicitracanaie €; spifosucEia®) N pradusOwas evaluated for CMC
and surface tensi %ﬁﬂ%ﬁg’l / ?{Q?@ &ﬁ? own in Table 2, and spreading
on 10cyc|ohexg§fgy est egtﬁ(g)‘}(yg% ﬁgﬁé%% S 0\9\%? In aﬁk%zé:?%égzmparative Example C

Maleic anhydrided prbdug ddbemamaakd It CMEHn2miad vosahekanok(83. Ly E53 Tamol),

p-toluenesulforyl. hydrexide (Rl 349 Fréfidpmol) and toluene (500mL) were heated to reflux for
8 h. An additional amount of p- 15TsOH (3.4 g, 17.6 mmol) was added after 4 h of reflux. The solution

was stirredsoveniginiiati foom temperature. The solution was diluted with ethyl acetate (500mL) and
washed three times with brine (250mL each). The combined extracts were washed with a further

washing of ethyl acetafts B PEREEHAGTEH WG EnEE R ot e i Grer RIS MgSO4 and
concentrated tasyieihd 20chibffdsg) oiic(85t8rgd 8096nyield] Y0RsherityhicThapsreistaraast the product
was confirmed jaysdet b BiviRaanchkeAMS st dkid2hisaiitperfosoroheronaleate.

Di(lH’1H’2H2'&%%%?11%&959%%&31%9‘%‘%@#?%?; & N9 sRIRPRIEAS fsprPegabove) was added

to isopropyl alco eated for a pefiod of 10 min, untjl the two qutulds became miscible. A

solution of Sodif# g??ﬁ%@ﬁ%%&iﬁ?ﬁﬁ?&f%%ﬁeg&?ﬁ {ichided Waeres %) was transferred to

the flask and theowsntentsd Wwesabrastied soprefiukaadalraie Do hiiPhe Tikitemonithpidtct resulted after
the removal of ispre Ryl RIcRRANWAtersaHIGN 40 B3 Y1BHElkYieldhR9%Haurtg) I he product

composition wag %@pﬂ%&ﬁi@{ ﬁ%ﬂ%ﬁ%@ﬁ%ﬁ”ﬁﬁ?&@ﬁ%uﬁ SHRLLnd LCMS to

di(1H,1H,214,2H-per Icate-2- 30sulfosucc . Ehe roduct was evaluated for CMC
and surface terfSiiTBeé HW@W%?%%FMH@&%ZQ%QE llﬂ?sg \%ﬁ%ﬁé@@? and spreading
on cyclohékxan& by (BsCRpétHol & owitheasottecs nowver gt OB CEEpdratiisExasisle D Ethylene
(25 g) was intragyeedite evawodiayerhirsgad withr3aG4 RAGH 2CFERI(2] 4@ pradn@)-limonene (1 g),

and .the reactorolﬂec E?&?}Ea%é% "Cl;efﬁr]\}gtﬂgaq%iw@egﬁggg&gm ipQlated by vacuum distillation to
provide C4F9CH2CF2CH2CH21. Fuming sulfuric acid (70mL) was added slowly to 50 g of

CA4F9CH2CF2@aaH?iiRand mixture was stirred at 60C for 1.5 hours. The 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 washERGAtR BRORIFaGeRsHGeSFdRiAT R taté -8R & disEePth Bfbvide
20

isopropy! alcohol (31 g) were stirred continuously at 82°C, with the addition of
aqueous sodium bisulfite (1.54 g, 15 mmol), dissolved in deionised water (20
mL), for 28 h. The white solid (2.58 g, 80.1% yield, >95% purity) was collected
by concentrating the isopropyl alcohol/water solution and then dried in a vacuum
oven overnight. The product was analyzed by TH NMR and LC/MS to confirm

25 the structure as C4F9CHyCF>CH» CF2CHyCH2 OC(O)YCHp CH(SG3Na)C(0)O-
CHyCHCFpCHyCFpCH2CsFg. 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.

Example 19

30 The maleate, prepared as described in Examptle 4, (4.10 g, 5.5 mmol),
isopropyl alcohol (31g) and aqueous sodium bisulfite (0.28 g, 2.8 mmol)
dissolved in detonized water (14 mL) were stirred continuously for I8 hata
temperature of 82°C. The white solid (3.36g, 71.9% yield, >95% purity) was
collected by rotary evaporating the isopropyl alcohol/water solution and then the

35 product was dried in a vacuum oven. The product was analyzed by 'H NMR and
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CAF9CH2CF2CH2CH20H: bp 54-57 C at 2 mmHg (267 Pa). Trans-fl-hydromuconic acid (0.94 g,
6.5 mmol), p-toluenesulfonic acid monohydrate (0.12 g, 0.65 mmol), C4AF9CH2CF2CH2CH20H (4.29

g, 13 mmol) and toluene were added together and the contents were heated to reflux at 111C for 1025
h. The work¥4B #&48%%inple 1 was conducted. The white solid (3.82 g, Y8 4YE3EE* 88 purity)
analyzed by 1H NMR and LUMS to confirm the structure as

C4F9CH2CE2CHRBHR Qfa{By A EritdnhChi? G ()G H -G H2 efdGH2-@a4r9as  The

trans-P-hydro | 5.0 mmol) was added to isopropy!
alcohol (31 g)r%ﬁ%%g%g%%é .fs%ﬁ%%@%ﬁ%@s@gﬁwgﬁgidﬁ e (0.52 g, 5.0 mmol) was
dissolved in deidmzaR et & %3 ahstefBEPHY thd TiRiE g tenpeta % raised to 82C and
maintained for@asientiszohites Sréigialesivit dovebiadbievdeuthenitatlehlandatk filtrate was
concentrated tepreniauestheyisopiapy BicoRolsied Solitiorestheshhite isolish(888 g, 89.9% yield, 98%

purity was analyzed by 1H NMR and LC/MS to 20 confinn the structure as
C4F9CH2CF2 (0O)CH2CH(SO3Na)- CH2CH2C(0)0-CH2CH2CF2CH2C4Fo. The product

was evaluated for C and surface | angd ; wthe results are in
Table 2. Comparative exénr%;% g@%%ﬁ%%%%%%@fg ﬁgég%ge% é&%% %{ln%%]b%%%)yl peroxide (3 g) were
25 charged to é?‘ﬁi?]é’é’é’lhPé"ﬁ?%%’s@llﬁd@pﬁﬂ?@@‘éﬁ?%@@’ri@é@ﬁﬁ@@%ﬁcﬁ@rﬁﬁ‘?ﬂ%gen gas sequences
was then execdiew!atd30 Eiamsedthytend 418lg, voe84nmicd wastlintrodlasdxThévaddetivas heated for

24 hour aidl 108=Therautesiaye! wasHaleddn &Grand speneckafiesslavassing Thew the product was

collected in a bottle.. The, produ istilled qivi . 70CE 21 in 80% 30yield.
The boiling poi%ltg\lf\?ég??é’gj M%%ﬁ%%ﬁég(%%{@%.%&gu% r%%tﬁu?%%’%%%o F%FZCHZCHZl (300
g, 0.68 mol, proPafetrd L GEYSHBEaBEEY ARE N hBthyl-formamide (300 mL), was heated to 150 C
for 26 h. Then FaF r€dHida Ky LS thrslEg @S HoOE; fslisweH pyHsCadtitfoPdPwater to separate the

crude ester. Et@ﬂﬁt@@@ﬂé@ﬂ&@@p@ﬂ{h@@_sqiﬁ@@i@@(gddvéasigﬁ&g;mmwadd;o the crude
ester, and fhe teggtion.as e 970 Gefar L i Then S QURalE iyl aloohol were

distilled out to give a crude pr he crude product was dissolved in ether, washed with aqueous
sodium sulfite, WA AHGHME RRFHER Bt shedmagibLraristheng H1ia%%oduct was then
distilled to givegl99, 405 C3F70CF2CF2CH2C1-120H in 85 % yield. The boiling point was 71-73C at
40 mm Hg (5. a). 5Trans-P-hydromuconic acid (0.94 g, 6.5 mmol), C3F70CF2CF2CH2CH20H
(4.30 g, 13 mmol, preperec:zstegscrived abipse)bptouEnespltohi¢7aeldnichaiyeiatelH (0.13 g, 0.65
mmol) and tolugpg:{pPnalebiig e sirre-cantiByayisty togatherappdnpateddavedlix (111C for 25 h). The
workup was cargied Quto prodhice 2 pale vellow I (3:80.0, 78 0% yIgld 10 99 Puriy). which
was analyzed by 'H' ahd LEME Y EoR |rmntnhe‘structur'e Ay -
03F7occmFz‘é}q@@?fiz%’(%@ﬂlﬂd%@F@ﬁ%@%}@%ﬂ?@ﬁ?@%@?z%&@wm The
trans-13-hydromtleenbit 3pt€dared hs tesmibathrbdueo3:88:ys@utienmel) mme stirbed continuously

witdh_ isorér_op%! a&%@ﬁ%%hm@ ﬁ%ﬁ@%@&%@é@@@&@cﬁm efevated tempriatyme/of 65C. A solutihon of
sodium bisulfite .8 mmol) dissolved, in dgipgized.w nt ropwise to the
mixture. The te?‘h%grgtt%% .rgrgurggjéi C étlgaii%éd;%d mair‘ﬁ@ﬁ%&a @/gléé?ig(ﬁ?@ggﬁgﬁ%%%ution was
concentratéd td+EmotERESSEP LIRS B YL YesHithE i§diPwas left in a vacuum oven
overnight. The WEHeEOIIR.TR: i SE AWM ¥ield, RBe8794 peirity)dlutaidedends mralyrediby 1H NMR and

LC/MS to confifRethe Sl it @ ekl FHEMEC Erdiirtde 1A DMedREHEIDINCHCH2C(0)0-

CH2CH2Ccmée%g?%gﬁ?th'gk{]eeq&rtgg%cghvg%% ?ﬁ%ﬁ‘gﬁd for CMC and surface tension beyond the CMC

by Test Metho e results are shown In Table
- Example 22
30 The itaconate, prepared as described in Example 7, (3.60 g, 4.3 mmol) and

isopropyi alcohol (31 g) were stirred continuously together. An aqueous solutton
of sodium bisulfite (0.45 g, 4.3 mmol) dissolved in deionized water (21 mL) was
added stowly to the solution and the temperature was raised to 82°C for 23 h. The
isopropyl alcohol/water was concentrated to leave the yellow gel-like product

35 (3.73 g, 92.1% yield, 75% purity), which was placed in a vacuum oven overnight
analyzed by 'H NMR and LC/MS to confirm the structure as
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Table 1 - Comparative Examples and Surface Tension Measurements Comparative Example Rf X
CMC (wt%) Surface Tension beyond CMC (mN/m) 13.8 Comp. Ex. A C6F13 -CH2- CH (SO3M)- 0.024

C
omp. Ex. %7862511(-]%02%%2 CH(CHZ SOBM) 0.068 16.3 Comp. Ex. C PCT/US2009/048204

C3F70CF(CF3)C(O)NHCHCHyOC(0)YC3H5(SOyNa)C(0)O-
CHyCHoNHC(O)CF(CF3)OC3F7. 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.

5  Example 23

The itaconate, prepared as described in Example §, (2.00 g, 2.7 mmol),
isopropyl alcohol (31 g) and aqueous sodium bisulfite (0.28 g, 2.7 mmol)
dissolved in deionized water (14 mL) were refluxed for 22 h at 82°C. The white
solid (precipitate) was filtered off and washed with deionized water (50 ml.) to

10 remove unreacted NaHSO3. The white dry solid (2.11 g, 91.5% yield, >95%
purity) was analyzed by 'H NMR and LC/MS to confirm the structure as
C4FgCH>CFoCHoCH2OC(0)C3H5(S03Na)C(O)YOCHCHy CFpCHp C4Fg.

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
15 Method 2, with results shown in Table 3.

Example 24

The citraconate, prepared as described in Example 9, (2.96 g, 3.5 mmol),
and isopropyl alcohol (31 g) were stirred continuously together and heated to
reflux. A solution of aqueous sodium bisulfite (0.37 g, 3.5 mmol) dissolved in

20 deionized water {18 mL) was added dropwise to the mixture. The solution was
maintained at 82°C for 23 h. The solution was concentrated and two noticeable
layers were observed. The small top layer was yellow in colour and the bottom
was white. Each layer was analyzed by IHNMR, which confirmed that the top
layer was likely to be impurities. The product was tested in isopropyl alcohol and

25 also in water, and the alcohol was also similarly tested. The results indicated that
the product was soluble in water but insoluble in isopropyl alcohol, and the
opposite was true for the alcohol. Therefore, if the impurity layer contained some
alcohol this would be removed by filtration when water was added. If any of the
starting acid remained this would not affect the surface tension results, The

3¢ bottom layer (2.62 g, 78.8% yield, 85% purity) was analyzed by 1H NMR and
LC/MS to confirm the structure as C3F70CF(CF3)C(O)NHCH2CH,O-
C(0)C3H5(SO3Na)C(0)O-CHHCHaNHC(O)CF(CF3)YOC3F7.

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

35 Example 25
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C4F9 -CH2CH- (S03M)- 0.26 17.1 Comp. Ex. D C4F9CH2CF2CH2- CH2- -CH2CH(S03M)- CH2CH2-
0.33 18.0 Comp. Ex. E C3R70CF2CF2CH2- CH2- -CH2CH(S03M)- CH2C1-12- 0.88 208 Table 2 -

Formulae 1A, 1B, and 1C and Surface Tension Measurements Ex. Ra X Critical Micelle Concn. (wt%)
WO 2010/002625 : PCT/US2009/048204

The citraconate, prepared as described in Example 10, (2.70 g, 3.6 mmol)
and isopropyl alcohol (31 g} were mixed together at 50°C until dissolved; about
10 minutes. Aqueous sodium bisulfite (1.54 g, 14.8 mmol) was dissolved in
deionized water (15 mL) and added dropwise to the isopropyl aicohol solution,

5 which was then heated to about 82°C for about 22 h. The isopropyl alcoho! and
water were removed by rotary evaporation followed by drying in a vacuum oven
at 50°C to give an off-white solid (1.56 g, 50.8% yield, Purity: >99%), which was
analyzed by *H NMR and LC/MS to confirm the formation of the diester
sulfonate and the structure as C4FgCH>CF2CHLCH2OC(0)C3H5(SO3Na)-

10 C(O)OCHrCHpCFaCH2C4Fg. 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.

Example 26

The trans-glutaconate, prepared as described in Example 11, (2.52 g, 3.4
15 mmol) was added to isopropyl alcohol (31 g) and heated to 60°C. At this point a
sotution of sodium bisulfite (0.31 g, 3.0 mmol) dissolved in deionized water (15
mL) was added dropwise, and the temperature was raised to 82°C for 22 h. The
pale yellow solid (2.26 g, 78.8% yield, 80% purity) was analyzed by TH NMR
and LC/MS to confirm the structure as C4FgCH2CF2CH2CHoOC(O)C3H3-
20 (SO3Na)C(OYOCHLCHyCFoCHa-CyFg.  The product was evaluated for CMC
and surface tension beyond the CMC by Test Method 1, the results are in Table 2.

Example 27

The trans-ghitaconate, prepared as described in Example 12, (4.08 g, 4.6

mmol) was added to isopropyl alcohol (31 g) and heated to 50°C. A solution of

25 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
yellow solid (3.94 g, 86.3% yield, 90% purity) was collected by rotary
evaporating the isopropyl alcohol/water solution and analyzed by 1H NMR and
LC/MS to confirm the structure as C4FgCHyCFoCHHCF2CHyCHrOC(O)CayH5-

30 (SO3Na)C(O)YO-CHyCHCFpCHoCF2CHC4Fg.  The product was evaluated
for CMC and surface tension beyond the CMC by Test Method 1; the results are
shown in Table 2.

Example 28

The maleate, prepared as described in Example 13, (4.20 g, 9.4 mmol) and
35 isopropyl alcohol (31 g) were heated to approximately 50°C to allow for the solid
to dissolve in solution. Aqueous sodium bisulfite (0.99 g, 9.4 mmol) dissolved in
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Surface Tension Beyond CMC (mN/m) 16 C3F70CF(CF3)CONH - CH2CH2- -CH2CH(S03M)- 0.016
22.0 17 C4F9CH2CF2CH2CH 2:- -CH2CH(S03M)- 0.051 18.9 18 C4F9CH2CF2CH2CF7 - CH2CH2-
-CH2CH(S03M)- 0.014 20.7 19 C3F70CF2CF2CH2C H2- -CH2CH(S03M)- 0.034 17.1

10

15

20

[
A

30

35

WO 2010/002625 PCT/US2009/648204

deionized water (47 mL) was transferred to the solution and the contents were
refluxed for 22 h at 82°C. The isopropy! alcohol/water solution was rotary
evaporated to leave the white solid (4.14 g, 82.8% yield, 90% purity) that was
analyzed by 'H NMR and LC/MS to confirm the structure as C4FgCHpCFCHp-
CHyOC(0)YCH2CH(SO3Na)C(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 29

The mixed diester, prepared as described in Example 14, (7.10 g, 13.9
mmol) and isopropyl alcoho! (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 to 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% yield, 98%
purity) was dried in vacuum oven for 2 h. The product was analyzed by Iy
NMR and LC/MS to confirm the structure as
C4FgCHy CE2CHy CHAOT(O)YCH2CH{SO3Na)C(O)YO(CH2 ))gH. 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.

Example 30

The mixed diester, prepared as in Example 15 (5.78 g, 7.5 mmol) and
isopropyl alcohol (31 g) were added together and heated to 60°C for 10 minutes.
A solution of sodium bisulfite (0.78 g, 7.5 mmol) dissolved in deionized water (37
mL) was added to the solution and the mixture was heated to reflux at 82°C for a
period of 20 h. The isopropyl alcohol/water solution was rotary evaporated off to
leave a colorless gel product (4.26 g, 65% yield, 98% purity) that was analyzed by
IH NMR and LC/MS to confirm the structure as C4FgCH2CF2CHCH20C(0)-
CHpCH(SO3Na)YC(OYOCH2CHA(CF2)6F. The product was evaluated for CMC
and surface tension beyond the CMC by Test Method 1; the results are in Tabie 2.

Comparative Example A

Maleic anhydride (0.63 ¢, 6.5 mmotl), 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 a flask and heated to reflux for 96 hours
at 111°C. The solution was separated and extracted with two washings of 5%
sodium bicarbonate (50mL each). The combined organic extracts were dried over
anhydrous magnesium sulfate, and concentrated to remove the toluene at 140.30
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20 C3F70CFHCF20- CH2CH20CH2CH2- -CH2CH (S 03M)- 0.039 17.8 21 C2H5CH2CH2[(CF2C
F2)i-(CI-I2CH2)jik -CH2CH(S03M)- 0.028 21.1 22 C3F70CF(CF3)CONH - CH2CH2-

-CH2CH(CH2S03M)- 0.083 18.2 23 C4F9CH2CF2CH2CH 2- -CH2CH(CH2S031\4)- 0.0095 19.4 24
© WO 2010/062625 PCT/USH09/048204

mmHg (18.7 kPa) and 67°C). The structure of the resulting liquid product
di(1H,1H,2H,2H-perfluorooctyl) maleate (4.88 g, 93.4% yield, >80% purity) was
confirmed by 'H NMR and LC/MS.

Di(1H,1H,2H,2H-perfluorooctyl) maleate (4.70 g, 5.8 mmol, prepared as
5 described above) was added to.isopropy! 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 agueous sodium
10 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 byl H NMR and LC/MS as the sodium salt of
di(1H,1H,2H,2H-perfluorooctyl) maleate-2-sulfosuccinate. The product was
15 evaluated for CMC and surface tension beyond the CMC by Test Method 1, the
results are shown in Table 1.

Comparative Example B

1H,1H,2H,2H-perfluorooctancl (8.02 g, 22 mmol),

dicyclohexyicarbodiimide (DCC) (4.27 g, 21 mmol) and dichloromethane

20 CHpCly, 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 citraconic acid
(1.28 g, 9.8 mmol) dissolved in tetrahydrofuran (15mL) was added dropwise.
The solution was stitred for 10 min. and then the ice bath was removed to allow
the solution to warm to room temperature. The mixture was left o stir overnight.

25 The resulting mixture was filiered 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 CHCl 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 IH NMR and LC/MS, which indicated the

30 conversion to monoester. A similar procedure was carried out again but with the
addition of another mole of alcohol. The alcokol (6.30 g, 13 mmol), DCC (2.63 g,
13 mmol) and CH»Cls (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 solution. The work-up method was carried out

35 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.
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C3F70CF(CF3)CONH - CH2CH2- CE (CH3)CH(S03M)- 0.095 25.6 25 CO 0CH2CF2CH2CH 2-
CH(CH3)CH(S03M)- 0.019 16.8 26 C4F9CH2CF2CH2CH 2- -CH2CH(S03M)CH2- 0.042 18.0 27
C4F9CH2CF2CH2CF2 - CH2CH2- -CH2CH(S031M)CH2- 0.030 18.2 Ra/R
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Di(1H.1H,2H,2H-perfluorooctyl) citraconate (4.99 g, 6.1 mmol, prepared
as described above) and isopropy! 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
mmotl) dissolved in deionized 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 by 1H NMR and
LC/MS as the sodium salt of di(1H,1H,2H,2H-perfluorooctyl) citraconate-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
cyciobexane by Test Method 2, with results shown in Table 3.

Comparative Example C

Mateic anhydride (17.2 g, 176 mmol), 1H,1H,2H,2H, -perflucrohexanol
(93.1 g, 353 mmol), p-toluencsuifonyl hydroxide (p-TsOH) (3.4 g, 17.6 mmol)
and toluene (500mL} were heated to reflux for 8 h. An additional amount of p-
TsOH (3.4 g, 17.6 mmo!) 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 each). The combined
extracts were washed with a further washing of ethyl acetate (300mL). The
combined organics were dried over anhydrous MgSO4 and concentrated to yield a
colorless oil (85.8 g, 80% yield, 98% purity). The structure of the product was
confirmed by 1 NMR and LC/MS as di(1H,1H,2H,2H-perfluorohexyl) maleate.

Di(1H,1H,2H,2H-perfluorohexyl) maleate (1.5 g, 2.5 mmol, prepared as
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 bisulfite (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 isopropy! alcohol/water solution (0.98 g, 55.8%
yield, 99% purity). The product composition was confirmed by!H NMR and
LC/MS as the sodium salt of di(1H,1H,2H,2H-perfluorohexyl)) 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.

Comparative Example D

Ethylene (25 g) was introduced to an autoclave charged with
C4F9CH,CF21 (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
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28* C4F9CH2CF2CH7CH 2- / -H -CH2CH(S03M)- 0.064 19.7 29 C4F9CH2CF2CH2CH 2- / -(CH2)6H
-CH2CH(S03M)- 0.038 16.0 Ra/Rf WO 2010/002625PCT/US2009/048204 30 C4F9CH2CF2CH2CH

2- | -(CF2)6F CHZCHgSOSM) 0.023 20.8
WO 20106/002

PCT/US2009/648204
C4FgCH>CFpCHoCH)lL Fﬁming sulfuric acid (70mL) was added slowly to 50 g
of C4FgCHACF2CHrCHoI and mixture was stirred at 60 °C for 1.5 hours. The
reaction was quenched with ice-cold 1.5 wt% NapSO3 aqueous solution and
heated at 95 °C for 0.5 hours. The bottom layer was separated and washed with

5 10 wt% agqueous sodium acetate and distilled to provide
C4F9CHyCFyCHpCH2OH: bp 54-57 °C at 2 mmHg (267 Pa).

Trans-B-hydromuconic acid (0.94 g, 6.5 mmol), p-toluenesulfonic acid
monohydrate (0.12 g, 0.65 mmol), C4FoCH»CF2CH2CHyOH (4.29 g, 13 mmol)
and toluene were added together and the contents were heated to reflux at 111°C for

10 25 h. The work-up as in example 1 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
C4FgCH7 CFaCH2CH2OC(O)CHy CH=CHCH C(O)YOCH»CHCFpCH3-C4Fg.

The trans-B-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

15 aqueous sodium bisulfite (0.52 g, 5.0 mmol) was dissolved in deionized 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
was concentrated to remove the isopropyl alcohol/water solution. The white solid
(3.88 g, 89.9% vield, 98% purity was analyzed by JH NMR and LC/MS to

20 confirm the structure as C4F9CHyCF2CHCH> OC(O)YCHHCH(SO3Na)-
CH»yCH>C(0)O-CHCHoCFpCH2C4Fg. The product was evaluated for CMC
and surface tension beyond the CMC by Test Method 1; the results are in Table 2.

Comparative Example E

C3F70OCF2CF2I (100 g, 0.24 mol) and benzoyl peroxide (3 g) were
25 charged to a pressure vessel under nifregen. A series of three vacuunmy/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
cooled to 0 °C and opened after degassing Then the product was collected in a
bottle. The product was distilled giving 80 g of C3F70CF>CFpCH»CH21 in 80%
30 yield. The boiling point was 56~60°C at 25 mm Hg (3.3 kPa).

A mixture of C3F7OCF2CFQCH2CH21 (300 g, 0.68 mol, prepared as
described above) and N-methyl-formamide (300 mL), was heated to 150 °C for 26
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 suifonic acid (2.59
35 g) were added to the crude ester, and the reaction was stirred at 70 °C for 15
minutes. Then ethyl formate and ethyl aicohol were distilled out to give a crude
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* Example 28 was measured at pH 3.0. Since the Ra is H, the performance of the 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 beé/ond CMC (less than
20 mN/m in WRERYEHR 1 provides data for Comparative Examples. CIMpARIve Example C, having
an Rf of C4F9 contained a similar fluorine level to the Examples of the invention, but had a far higher

CMC value, thysindicating sipered petasansieddyithe b anmeswitiiheisventioimComparative
Examples of (e B S 1 Comparet

alugs similar to Comparative
Examples A aftfBEH Fféuﬁ‘iié“?(ﬁfs?’é:r J\9/ ﬁ&ﬁ?&@ﬁ&gﬁz@l%pksﬁf&% %{/entlon had a higher
level of fluorindéflsidingypirinsrevidihg TénapAPapie Perforidiate with less fluorine present. Beyond the

CIVIC all of the exa IesC%etH, nstrated 15%?r’8%rabée surfa e tension. Table 3 - Spreading on
0

OINUECCIC &
Cyclohexane Ex. #H hoSUrTactant als preading on cyclohexane (extent and

time) Performdriier@ataidiy g &%@Lgst%mmqimweﬁ@é%@fd)e% AOYPFats without
spreading Goodlkaisshifdpis hMdUinG@hySt:Be Bl TRIT@QN. K1 00n60%niht@d e (S0ml)

were stirred continuously together and heated to reflux (111°C for 25 h). The
work-up was carried out to produce a pale yelfow liquid (3.90 g, 78.0% yield,

10 99% purity), which was analyzed by PH NMR and LC/MS to confirm the
structure as CyF70CF2CFpCHo CHyOC(0)CHp CH=CHCH2C(O)O-
CHyCHpCFoCF2OC3F7.

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

15 10mins at an elevated temperature of 65°C. A solution of sodium bisulfite (0.29
g, 2.8 mmol} dissolved in detonized water (14 mL) was added dropwise to the
mixture. The temperature was raised to §2°C and maintained for a period of 22 h.
The solution was concentrated to remove the isopropyl alcohol, and the resulting
liquid was left in a vacuum oven overnight. The white solid (3.72 g, 84.4% yield,

20 87% purity) obtained was analyzed by 'H NMR and LC/MS to confirm the
structure as C3F70CF2CFyCHy CHrOC(O)YCHCH(SO3Na)CHo CH C(O)O-
CH>CHCFoCFoOC3F7. 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 Rf X CMC Surface
Example (wt%) Tension
beyond CMC
{(mN/m)
Comp. Ex. A CgF13 -CH»-CH- 0.024 13.8
(SO3MD-
Comp. Ex. B CeF13 -CH>-CH(CHp~ | 0.068 16.3
SO3M)-
Comp. Ex. C CyqF9g -CHpCH- 0.26 17.1
(SO3M)-
Comp. Ex. D | C4FgCH»CF2CH»- | -CHpCH(SO3M)- | 0.33 18.0
CHp- CHpCH»-
Comp. Ex. E | C3F7yOCF2CF2CHz- | -CH2CH(SO3M)- | 0.88 20.8
CHo- CH>CHp-
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100% in 30 seconds Good Excellent 19 I) SIMULSOL SL8 II) TRITON X100 Sink immediately 70% in
40 s Poor Good 20 I) SIMULSOL SL8 1l) TRITON X100 100% in 6 seconds 50% in 30 s Excellent
Good 22 1) SIMULSOL SL8 Il) TRITON X100 50% in 10 s Floats without spreading Good Fair 23 1)
SIMULSOL ¥iBMHHEARON X100 20% in 20 s 100% in 25 s Good Excel BREASHSf34sOL SL8

Table 2 - Formulae 1A, 1B, and 1C and Surface Tension Measurements

Surface
Critical Tension
Micelle Beyond
Concn. CMC
Ex. Ry X (Wt%) (mN/m)
C3F~OCF(CF3)CONH
16 - CHpCH3- ~CHpCH(SO3M)- 0.016 22.0
C4FgCH>CFoCHHCH
17 2- -CHpCH(SO3M)- 0.051 18.9
Cy4FoCHCFyCHACFo
18 - CHpCHy- ~CHpCH(SO3M)- 0.014 20.7
C3F7OCF,CFCHC
19 Hp- ~CH2CH(SO3M)- 0.034 17.1
C3F90OCFHCF,O-
20 i CHpCHyOCH)HCHp- -CH2CH(SO3M)- 0.039 17.8
CrHsCHyCH[(CF,C
21 F2)i-(CHaCH )T ~CHpCH(SO3M)- 0.028 21.1
C3F70CF(CF3)CONH
22 - CHpCHp- ~CHpCH(CHS03M)- 0.083 182
C4FoCHCFrCHyCH
23 2 -CHaCH(CH2SO3M)- | 0.0095 19.4
C3F7OCF(CF3)CONH W
24 - CHoCHp- CH(CH3)CH(SO3M)- 0.095 25.6
CqFgCHyCF2CHLCH -
25 2- CH{CH3)CH(SO3M)- 0.019 16.8
CyFgCHoCF2CHACH
26 2- -CHpCH(SO3M)CH»- 0.042 18.0
C4FoCHyCF»CHHCFop
27 - CHpCHp- -CHCH(SO3M)CHp- | 0.030 18.2
R, /R
CyFgCHrCFyCHLCH
2/
28 -H -CHpCH(SOz3M)- 0.064 19.7
CqFoCHyCFyCHACH
9~/
29 -(CHp)eH -CHpCH(SO3M)- 0.038 16.0
R, /Ry
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10% in 20 s Good II) TRITON X100 Sink immediately Poor 29 I) SIMULSOL SL8 Il) TRITON X100
100% in 3 s 100% in 3 s Excellent Excellent B 1) SIMULSOL SL8 Il) TRITON X100 Sink immediately

Sink immediately Poor Poor C I) SIMULSOL SL8 Il) TRITON X100
WO 2010/002625 PCT/US2009/048204

CyFoCHCFpCH2CH
2-/
30 ~(CF2)6F -CHpCH(SO3M)- 0.023 20.8

* Example 28 was measured at pH 3.0. Since the R, is H, the performance of the
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 20 mN/m in water). Table 1 provides data for
Comparative Examples. Comparative Example C, having an Rfof C4Fg
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 Rrof CgFi3,

10 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 tower level of fluorine. Thus the Examples of the invention had
a higher level of fluorine efficiency in providing comparable performance with
less fluorine present. Beyond the CMC all of the examples demonstrated

15 comparable surface tension.

Table 3 - Spreading on Cyclohexane

Ex. | Hydrocarbon surfactant { Spreading on cyclohexane | Performance
# Trials () and (II) (extent and time) Category
17 D) SIMULSOL SL8 30%1n 30 s Good
1) TRITON X100 Floats without spreading | Fair
1% 1)y SIMULSOL SL8 50%in 30 s Good
II) TRITON X100 100% in 30 seconds Excellent
19 I} SIMULSOL SL8 Sink immediately Poor
II) TRITON X100 70% in 40 s Good
20 1) SIMULSOL SL& 100% in 6 seconds Excellent
IT) TRITON X100 30%in 30 s Good
22 | ) SIMULSOL SL8 50%in 10 s Good
IT) TRITON X100 Floats without spreading | Fair
23 I) SIMULSOL S8 20%in20s Good
IT) TRITON X100 100% in25s Excellent
25 I) SIMULSOL SL® | 10%in20s Good
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Sink immediately Sink immediately Poor Poor

Table 3 shows that the surfactants of the present

invention, when combined with hydrocarbon surfactant SIMULSOL SL8 or TRITON X100 in an

aqueous formulation, spread more quickly and more completely across 5 cyclohexane than either
Comparativé"B2H52%8%r C, which both sank. Spreading across cyclonBXEHELHPaE  ive of an
effective fire fighting foam. Table 3 shows that low critical micelle concentrations.and low Surface

Tension levels beyond)GMO' @té Xd¥essary

Bunkriotsedfiéidnt criteria

fBoain effective fire fighting foam.

CLAIMS Wh4 'lj %‘fh'ﬂ}ﬁ x Fappoun
R0-0-00-Y-00-0-(CH1

O0H2),Rf Formula 28
10 ()RI{CH2)a-(0gEL'G)IRIFGAUSIEDS and

Oh gt 2A B, or 20

*EiBéHQﬁQZY For

11,3-0-CO-Y-00-0-R Formula 20 wherein
200 RFCCF2032-(00- 1} E263HaMEormulg 28 and 20; Rf

ula 2A
Ra is the group

OCF.HOF20(ORIONr )& AGPR ) -5 {1%) TIt-C

15(vi)B-r(CM2)}1[(01 CFZ){i C'ri20112)iiii-
1to4;vislto4; wisfrBni % qlﬁ;)ﬁlgol to 6

each Rf is independently
-andk g idalihdepend

FHORRERNER WY (V) RIGLJ(OF3)CON

OcF(cctl); cis 21
ehy™1, 2. or 3, O

H-(Cid-12g)-; or
06;dislto 3;gis
1- LI mixture

thereof; 20provided [ ke fot@dmymber o

) TRITON X100

Sink immediately

safbannatermsiin group (Vipdsifrom about

Poor

Table 3 shows that the surfactants of the present invention, when
combined with hydrocarbon surfactant SIMULSOL SLE& or TRITON X100 in an

aqueous formulation, spread more quickly 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 low critical micelle concentrations and tow Surface Tension

levels beyond CMC are necessary but not sufficient criteria for an effective fire

fighting foam.
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S. 1o 22; Y is near or branched diradical having olefinie unsaturation of the Coirnula wherein e is 2
or 3; Ris FT Or a linear or branched alkyl group Ob11(2b+ jt; and b is from Ito 1S. 2.The compound of
claim 1 wherein Ra is Rf(C1-17CF2)d-(Cga) a 1210CF7CF2-(CgFic)g)-; Rf CFR:T-70(CH, C.H.2 0)v-(0
gni) a)-; or RIOCFFICF20(Cm,H7w)-. 303.The compound of claim 1 wherein c is 3 or 4. 42 4,
The compound of claim 1 wherein Y is CI-I=CH, O0H20(-CH71), C(OH3)=C1-li, or ClI=CIICITo. 5.
The compound of claim 2 whereind is 1, g is | and R1 is C3F7 or C4F9. 6. The compound of
claim 5 wherein | is CHOH, CH2C(=CEDb), or C(ClI-i3)=-CHZ2. 7. The compound of claim 1 wherein
Ra is C4:FOCH2CF2Cill7TCH2 or C-4F1C127CF7CII2CIl-). S.The compound of claim 1 of Formula 2B
wherein Rf (CF9)6F. 43 CLAIMS

‘What is claimed is:

1. A compound of Formula 24, 2B, or 2C
3 {Ry-0-CO-1Y Formula ZA
R,-0-CO-V-CO-O~{CH2CHy)Ry  Formula 2B
Ra—"ﬁ—KCO~Y~COwO-R Formula 2C
wherein
Ra is the groap
0 () Ry CH,CF2)g-(Colizgi-in Formula 2B and 2C;
(i) Rf@CFgCPQ-(CgHQg}- in Foroulda 2B and 2C;
(i)  Re OCFHCFyO(CHCHyORA{Celagh
(v} R{OCFLICT9O(CyHow)-;
{v} RAOCH(CF3)CONEACollpg)-; or
15 (v  RACHIW[{CEaCFoR(CHpCH ) i
cach Re is independently CoFoe+1y
cisZic b dislto3;gisttod visito4;

wis from 3 to 12:kis I to 6,1, ], and k are each independently 1, 2. or 3. ora
mmixture thereof:

20 provided that the total number of carbon atoms in group (vi) is from about

Sto 22

Y i & Iimear or branched diradical having olefindc unsaturation of the
formula -CeHae-2)-

wherem e 18 Z or 3;
25 R is Ff or a linear or branched alicyl group CpErgn41 ) and
bis from | to 18

2, The compoumd of ciaim 1 wherem R, is Rf(CHgCPg}d~{CgHg o)
RfOCFoCFo~(Coling)-: Ry OCFHCE2 O{CHaCHAO) CeHoghior
R'{OCF}ECFEO(C“JHE\KF)’.

36 3. The compound of claim 1 wherein ¢ ig 3 ot 4.
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-4 The cormpound of claim ! wherein Y is CH=CH, CH2C(—CH>y},
C(CH3»=CEH,, or CII=CIICIIA.

3. The compound of claim 2 whersin dis 1, gis | and Rpis CaF7 or
CaFq.

G. The compound of claim 5 wherein Y is CE=CH, CHLC(=CHn}, or
C{CH3=CHa.

7. The compoumnd of claim | wherein Ry is CaFoCHHCFACHACHy
or C3FoClnCEL T Tl

8. The compound of claim | of Formula 2B wherein R is (CFo)gF.
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