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

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

35  aminimum amount of fluorochemical to obtain a desired surface effect or

surfactant properties, when applied to substrates, or to obtain better performance
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surfactants in which the perfluoroal kyl group of the
prior art is replaced by partially fluorinated
W@ 20107002823 gr oups that require | ess tetrafl uor oRETYE2NE048197
and show increased fluorine efficiency. By "fluorine
efficiency”" is meant the ability to use a m ni num
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(i) Rf(CH2CF2 9d H2 g )-: () RFOCF2CF2 - (CgH2 )-:
(i ) RFOCFHCR Zﬁt@ﬂm@ C%\I )Fom{uwlBRf OCFHCF2
O(Cw H2w )-: (v) Rf OCF( CF3) H(cg )-: or (vi)
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i ndependently CcF 2 c+n; c is 2 to about 6; dis 1to
abebtreBy g is 1to about 4; v is 1to about 4; wis from
about 3 to about 12; h is 1to about 6; i, j , and Kk
are eacRaindlegeavently 1, 2, or 3, or a mixture
thereof rovi ded t hat the total nunber of carbon
,R, 2@# gﬂ%gﬁwon1about 8 to about 22; X is

a Ilnea b i functional alkyl sulfonate
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(iv)  RfOCFHCF20(CwHow)-;

(v) RfOCF(CF3)CONH-(CgH2g)-; or
(vi)  RA(CH2)h[(CF2CF2){(CH2CHY)jlk-
cach Ry is independently CcF(2¢+1):
20 c is 2 to about 6; d is 1 to about 3; g is 1 to about 4; v is 1 to about 4;

w 1s from about 3 to about 12; h is 1 to about 6; 1, j, and k are each independently
1, 2, or 3, or a mixture thereof; provided that the total number of carbon atoms in

group (vi) is from about § to about 22;
X is a linear or branched difunctional alkyl sulfonate group
25 -CeH(2¢-1)(SO3M)-,
wherein ¢ is 2 or 3;

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

ammonium, alkali metal, and alkaline earth metal;
R is H or a linear or branched alkyl group CoH(Q2b+1)-: and

30 b is from 1 to about 18.



ammoni um alkali nmetal, and alkaline earth netal; Ris
H or a linear or branched al kyl group CH\y; and b is
WO p@ii0dxee3 about 18. The present invention furt hRCT/US2009/048197

conprises a nethod of altering the surface behavi or of
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and nore preferably 4;
X is a linear or branched difunctional alkyl sulfonate group

-CeH(2¢-1)(SO3M)-,

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;

20 R, is selected from the group consisting of structure (i) through (vi)
wherein Rgis as defined above, and g is 1 to about 4, preferably from 1 to 3, and

more preferably 2:

(1) Rf(CHzCFz)d-(CgHzg)- wherein d is 1 to about 3, preferably from 1
to 2, and more preferably 1;
25 (i)  RfOCF2CF2«(CgHpg)-;
(ii) Rf OCFHCF20(CH2CH0)y~(CgHpg)- wherein v is 1 to about 4,
preferably from 1 to 2, and more preferably 2;

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

30 (v) RfOCF(CF3)CONH-(CgH2g)-; or



(v) RFOCF(CF3)CONH-(CgH2 g )-; or(vi) RF(CH2
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The surfactants of Formulae 1A, 1B, and 1C are prepared via the
25  unsaturated intermediates of Formulae 2A, 2B, and 2C according to the following

Reaction Scheme A:



Ra-O- CO Y-CO O (CH2CH2 )Rf Fornmula 2B Ra-O CO Y-CO O R
Formula 2C wherein Ra is the group (i) RfF(CH2CF2 )d

WO adgb®ees )-; (ii) RFOCF2CF2 -(CgH2 g )-; (iiiBCRIS2009/048197
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OCFHCF20( CH2CH2O) v - (CgH2 g )-; (iv) Rf OCFHCF2 O(Ow
How )-; (v) Rf OCF(CF3) CONH (CgH2 g )-: or(vi)
Rf (CH2) h[ (CF2CF2)i (CH 2 CH2)j]keach Rf is

i ndependeghhydride F(2c+l); c is 2 todiagedt 6,
preferably from2 to 4, nore preferably 4, dis 1 to

about 3, prei_prablyfromltoZ nor e referablyl g
is1lto 4 pé?ee%ablyfromltOS rmr@ %ef erably 2

v is lg=gcab Slet—~4C= or ef erabl y HOOC T9e3-Go0eH

preferabl y™2 xis fromabout 3 to about 12,

preferably fidm<4_to GaW%twref%aﬁ; 4; his1to

about 6, preferabl rom 1|_|é %§ re preferably 2; 1,
g it

j , and k are each |ndepen or 3, or a
m xture thereof, Raor e preferably 1,

provi ded th the to rbon ato eizm
group (Vi) F@ ﬂfgtt;?; 8 o about

or Rbr@(y(j;}efd Pﬁé@l@@aR haV| ng ol efmc Qgt ur atl on 0 Ra
t he % or ﬁ? Eﬁﬁ' ih2e- 2) @tm e is 2 or Bprmula2C
y

preferab s H g/lC ap ranched al kyl
group CbH(2b+l)s aRr®PCis férlﬁn P:t?oﬁaabout 1%0

preferably from6 to 18. Fopmuar2dBact ant s of rmula | A
are prepared by reacting two noles of fluoroal l's
of for muM®©{H- OH wherein is defined as abo th
one nol e of lan unsaturated Jinear or branc/eq; Lbéé(?R

aci h—E’%é‘FUGO(DERC H Cit
anthﬁjg%ée: ofHEeiyul a D CeH (E@:@' Hee)

Formula 1A Rf-OOC/HZ\”COO R, Formula 1C
e-

Formula 1B

Scheme A

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

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

(Ry-0-CO-)Y Formula 2A
R4-0-CO-Y-CO-O-(CH>CHy)Rf  Formula 2B
R,-0-CO-Y-CO-O-R Formula 2C

wherein
R, is the group
() RACHCF)d-(CoHog):
(i)  REOCF)CFp(CgHag)-
(i)  Rf OCFHCFO(CH2CH20)y~(CoHog)-;
(iv)  RfOCFHCF,O(CyHo)-;
(v) RfOCF(CF3)CONH-(CgH2g)-; or



O=C C=O Fornula D\ / Owherein e is 2 or 3to form
the unsaturated diester of Fornula 2A as an

WO pileoesed at e. Met hods for carboxylic acid PCT/US2009/048197
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esterification are conventional as discussed by Jain

and Masse in "Carboxylic acid esters: synthesis from
cafbbxyRpE R ldsF 20k o€t N&ld)yes” in Sci ence of

Synt hesi s (2006), 20b, 7 11-723. An acid catal yst or

dehydr agdchd fag xernslepthe€elfedl ywhen reacting the free
acid groups w t hal cohol exanpl e of an acid

cat al ysf 1§ &tonbosf @é)ﬁ%fglzﬂs#y ore 2deitamore pigfeiahe 4 and an

exanpl e, of ehydr ating, agent. i s '

i oyl odsd RotPOb i HeRRL SR 3 anere erafeieblyel:

Preferr sat ur i i 1. d nd.,correspondi ng
anhydr i 2Sspgor§ prreaf?%ﬁg',fg?rﬁgit%%f %%Ee rteﬁeﬁoé%gSucci nic
acid), ¢i cani.c4 ( [ Ci ut aconi c
(riooti L LEERRA BB roaChitte plefaiagh

( HOOCCHG GRAGHIGHIR GOV it €5, BB EhI446%, mbiEpreferably 4;
unsat urated di ester of Formul a YZaABJijﬁsf t hen Fglacg‘f%rg Wth
aqueoush stk Boly 6l rReRRbSUrbhtieo 30 nfod prctdigblgal f oni c
acid. Sul fonation techniques are described by Roberts

i n " Sul f,ratlikaare Fabhinddpegdertior], Anor®) o€ a Hiix fuscthairbf,
I\/hnu?e%cglur e" n Ogeanrie{;r%ﬁo%gss Research & Devel opnent
1998, %,yié)ﬁ 202™ ARa Ebyy ki guchi et al. in US Patent
4,545, 9 : ' '

4,245, SRR PRI B DU B AP SENAR S o sbou

Fof tupleat P4 | B, and 1C by the addition of sulfur

trioxide to the double nd.. e free sul fonic aci

can be Yudea liggaroy raé\ﬁmcg@lf%ima,m@fmg plefiaig naspatigr Pgthe
caforbglaconverted to the ammonium salt, the al kali

metal salt, or an alkaline earth nmetal salt, and
preferably to the sodi «pt§abby- Those skilled in the
art will recognize other sul fonation nethods, such as
t hebeciteis 2 pi Sperdeblly Rob et @ a imdr delandeicliy] {raip B pnar-eand
apgl.i cable and are included in the present invention.
AdBliit frem 19p abenet 18upreéaialle fighodp B&ross the doubl e bond
of Formulae |LA, 1B, _and 1C to nake the surfactants of
For mul a&howrfasiantsgfdopmuladdy prePrenaradey reagtingtvgrmeles of
st fAu&@0alicskuTebSfoaindlarRegOE WEEBRITS, iskefindd® bl PasBSnOole

the. present ipventio |1, the.iso re. equiyal ent
antt &) yagngn et dsicanid oTdhe Teorgt etz
2A0)(@BOrandr A€anieids of Faoteals of Fornulae 1B and 1C
are prepared by reacting one nole of a fluoroal coho
of fornula Ra-OH wi t iCdh@erml e of an unsaturated

| i near or

O=C C=0 Formula D

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

catalyst or dehydrating agent is preferred when reacting the free acid groups with



branched di basic acid anhydri de of the structure of
Fornmula D at a | ower tenperature (between about 50 -

wW@3ay/00bbe esterification is then continued atP@EI/HB2YNE048197
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tenperature (between about 100 - 1200C) with a nol e of
a fluoroal cohol, preferably of formula RfCH2CH2-OH, to
pr aldolzds. F&n exdrapl2 Bf awecid cawlyst isfp-taluso¢sul fonic afgrimidlacne, and

R- Qﬁexa&ﬁ)plpaféi ??ﬁfdf&lﬁg}ég%ltgﬁigﬁg?g&glc%r%ﬂ[ihﬁc%e?ﬁg(f{lethylene

convent i ona orin . ( re suita or. use

at chipgide. pyeferred ungatgrajsd slibasic acdgiagd carresppndig antpyigrides are

comf\@ics, iitgémﬁ@(rhétﬁylsn&sﬁ@diﬁt aﬁid),fUiltﬁao@?i&)(?fe'ﬂ?/ﬂnhlf%ic acid), trans-
re rre 0] sur C nts oO .

P Evichde (DGR ARRER G Ao Skt ek ARiGuRicanic | ng

by (HO6(I(GH giH-eCHEH, {04 ) andd sndanhpdrides. Thaothdaomatethdiester

th rificati e i i at '

o PLPERRFR T B0k [eEaH A0 Ruchi ol REFRIROLA GIRE S form the

esswioniq asad.i Drfangtion eahrinyestase descbdr/bhr Robaity iageylfanation

ar @428 gy WA fbnichRirdiRasMandG i rd NORsah RIS cdsO RALMEh &
m xt ur es of use o

roducts. The sequence of f the two
1 P¥RpRmET IORR Zad PER oty ek i G5l pl Rt H7ds.939.
su Aﬁtalglgm_tlﬁ, thé ofﬁhmﬁracummmcﬁbi@@amee pirewcmdelmed tdGhe
t wo ti S O t nme 0 t ..
B PRIk PRl K o8 Mo LB alfiol Oty finxiqego the
andoub; bérl. I'Buetbehylfoninveidsianhe tised dsehs sirfastat, s the sulfonic
HOXFIEI €n bé fﬂtﬁfeltt&)fosthg Qmﬂ{ogﬁfﬁg Wie tﬁesaﬂglaﬁf mQt][aF%{__aTtr BIG?H alkaline
M t of nul ae

xtures of surfactants of conpdsitions of ] ]
| Acarfhgnetghglty endeprsfopebly faethg sediumysalis Thgse sk ladon g asf will
M XdebERzObth VR BhatiBR BetBbdsR3u@s titfse dei2BER bPRobeand

R- .al cohol s.. The two, nol of a Xture of two or
rmg&%‘ll“g‘b@P?e)ﬂ%aﬁ@%‘?lé&H&E‘EGH%‘H%G BIth Byescy nvention.
unsat ur ated. |1 ar ranched di hasj c, aci d,of .t he
ot uReaion o TR s foedbBftn g ol BRElefib tofid Of Efiiel A
D) 1Bsardeld¢ toi thad thb swéactamts ¢fHeorpubp g Bomd?C results in the
. F . f. i

I AEHARbEy oo RN fid RriotBuh S o FRERENAM: hitsent
asinventgm, glb theriaeraers jars wlutviéent anghdl hatstingludediin dhpsdefmifians of
sepamallaons. B8 enfot. preferred. Al cohols containing the
Ra group (i) OFRF(CH2 CF2 ) i-CH2 CH2 - useful in the
if nvent i Phe mdecefta@la; étHﬂzﬁbnhhuenBrmé%tv%i bwpafeﬁiy&@mlhg 0@é mole

or a . - 5 ereln, r | S
L ObE b BorbibontT ot SRR B ST SO e A, e Firg BB
6 bantded dbasrscidatydutscf thpstsuqu@nd Forraule Deachower
\ : \ ‘ _ ‘ ‘
g{]%grﬁ% Wtd)é{\xfleéﬁ %@F 20 g)%SdSS)h?flllg esty}ﬁééﬁlo‘hg% ﬁlre(ﬁtrcontmued ata

_ S are aval SIS accor ng (0]
Schigher temppratuss (perpeenggbout 100 - 120°C) with a mole of a fluoroalcohol,

preferably of formula RfCH>CH»>-OH, to produce Formula 2B, or a mole of
alcohol of formula R-OH, to produce Formula 2C. Any of a variety of
conventional fluorinated alcohols are suitable for use at this point of the process.
This is followed by conversion to the sulfonates. The anhydride is preferred in
the preparation of surfactants of Formulae 1B and 1C. The opening of the
anhydride ring by the first esterification is a faster reaction than the second
esterification of the intermediate acid ester. As indicated above, in the second
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 1n the esterifications can be reversed.



and r are as defined for Formula (V). RGI1 CH2= F 2
Rf (CH2CF2) gl CH7=CH7 ol eum Rf (CH2CF2) q( CH2CH2) r OH Rf

W@ gHROR2Y3( CH2CH2) r1 (V) H2 (VI) Schene 1 The PCT/US2009/048197

10

15

20

25

tel onerization of vinylidene fluoride with [inear or
branched perfluoroal kyl iodides produces conpounds of
t he st rlibe suréacrRmts(cfiHpaRRla) I canviesr led prepaged vsing bvo adstiteons of

angleFS)EmE %u%h&?anh%&v&be{eiﬂtp%%ﬁ@' ka/éeg eQﬂé&rlb’é@ ﬁvo@@mala% 1B

see ue, et al hesi s uor i nat

teﬁ% lgwsed nconr’érsa??etpuﬂzeawl@ﬁaf@ﬁ prywrd@wetwo step

édiﬁei/ylﬂdﬂ Resfddquor oal kyl iodides", J . Fluorine
Chem (1995), 90(2), 215-23. The speci fic tel omer

i odi desMaxkt@rdsd bﬁlfzmﬂatbsyoﬁ doagokiioas otlF @truldeattA,dm, addheC can

teloner jiodid d with l en

© hORRRo LAYy SR A8 g S Tl P GRS Ry OB B
t h€Hp&lHpreH, @md]BLHéH@lqot)dhsd Ebe o moflesSE lemtuty oftvar @imore
r o hl%oﬂol§ %e%&'ﬁed@ﬁl’?on JTR8Ie ﬁaﬁ%?at@a@dl 1§1‘3§r drqgé&ﬁéd &1\155510

are treated wth ol eum and é:ro yze
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atoms, and subscripts q and r are each independently integers of 1 to 3. These
telomer alcohols are available by synthesis according to Scheme 1 wherein Ry, q
and r are as defined for Formula (V).

CHZZCFZ

Rl — Rp(CHoCFy)ql
¢ CHZZCHZ
oleum
Rf(CH2CF)q(CHoCHL)OH  ~—— R (CH,CF2)(CHCHo)
V) H,0 (VD)
Scheme 1

The telomerization of vinylidene fluoride with linear or branched

perfluoroalkyl iodides produces compounds of the structure R¢ (CH2CF2)qI,
wherein, q 1s 1 or more and Rgis a Cp to Cg perfluoroalkyl group. For example,
see Balague, et al, “Synthesis of fluorinated telomers, Part 1, Telomerization of
vinylidene fluoride with perfluoroalkyl iodides”, J. Fluorine Chem. (1995),



Schenme 2 The perfluoroal kyl ether iodides of formula
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)- , is prepared by reacting a fluorinated vinyl ether
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peroxide catalyst such as benzoyl peroxide, isobutyryl peroxide, propionyl

peroxide, or acetyl peroxide. More preferably the peroxide catalyst is benzoyl
peroxide. The temperature of the reaction is not limited, but a temperature in the
25 range of 110°C to 130°C is preferred. The reaction time can vary with the
catalyst and reaction conditions, but 24 hours is usually adequate. The product is
purified by any means that separates unreacted starting material from the final
product, but distillation is preferred. Satisfactory yields up to 80% of theory have

been obtained using about 2.7 mols of ethylene per mole of perfluoalkyl ether
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structure B below), and the product of fluorinated vinyl ether adding to both ends

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

unreacted polyethylene glycol. It is sometimes possible to use the differences in
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25  about 1 to about 15 mols per mol of ether, preferably from about 1 to
about 5 mols per mol of ether. Suitable alkali metal compounds include an
alkali metal, alkali earth metal, alkali hydroxide, alkali hydride, or an
alkali amide. Preferred are alkali metals such as Na, K or Cs, or alkali
hydrides such as NaH or KH. The reaction is conducted at a temperature
30 of from about 40°C to about 120°C. The reaction can be conducted in an

optional solvent, such as ether or nitrile.

The Ry group of Formula (v), RfFOCF(CF3)CONH-CH>CHp-, is prepared

by making a fluorinated alcohol of Formula 4:
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organic linking group, h' is zero or one, Bis H and
E is hydroxyl. The conpound of Fornmula 4 is prepared

whyoineexsed on between a perfluorinated ester (pPEPHES2AI/048197
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140°C. Preferably no solvent is employed for this reaction, but suitable solvents

include chlorobenzene, dimethylformamide, or 2-methoxyethyl ether.

The compound of Formula 4 is also prepared by reaction between a
perfluorinated acyl fluoride with a diamine alcohol or amine alcohol. This
reaction is conducted at a temperature of from about -30°C to about 40°C,
preferably at between about 5°C to about 25°C. Suitable solvents for this reaction
include tetrahydrofuran, methyl isobutyl ketone, acetone, CHCl3, CHCly or 2-
methoxyethyl ether, diethyl ether.
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et her and washed with water saturated with NaC, dried
over anhydrous Na2 SO , and concentrated and dried

wapdenoasazuum O her conventional purificatii oPCT/US2009/048197
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Cnsat ur Sttt of i et HRt R F i AL fidPure
preferably prepared by oligomerization of CyF2p+1CoH4 I, CiFop+1CHp T or
ChF2p+11 wherein nis 1 to about 6 using a mixture of ethylene and
tetrafluoroethylene. The reaction can be conducted at any temperature from room
temperature to about 150°C with a suitable radical initiator. Preferably the
reaction is conducted at a temperature of from about 40° to about 100°C with an
initiator which has about a 10 hour half-life in that range. The feed ratio of the
starting materials in the gas phase, that is the moles of CFop+1CoHy4 1,
CpFon+1CHp I or ChFpp+11 wherein nis 1 to about 6, versus the combined
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structure of Formulae 2A, 2B, and 2C. (Ra-O CO)2Y
Formula 2A Ra-O-CO Y-CO- O (CH 2CH2 )Rf Fornula 2B Ra

WO 102623C0- O- R Fornul a 2C wherein Ra is the gr@UpS1009/048197
Rf (CH2CF2 )d -(CgH2 g )-; () RFOCF2CF2 -(CgH2 g )-; (i
) Rf OCFHCF2 (CH2CH2O)v -(CgH2 g )-; (iv) RfOCFHCF2
O Dwlasfiethylene aug teRbOTROCHSle@ON bEybtdtogontrol anvergion of
Rf Ml@'f@a(‘)tlhn[ @EF%‘&F{@ re)tio(l%%ou ] IS t§ @E&t% l' referablPI frorn

|ndepen ent | prefe
r #hAup 129040 1r»r8?0ée pﬁe&frébl& @loyﬂ mboua V250 sbe Sabde n@.ole Fatlo o
pr @thﬂea@toytefraﬂmraeth eﬁ’e 1s'fﬁfn€al&ﬁﬂ?fl Q10a6 lafouk; 109, pﬁeférablg from

s torlbBat & L%%#%ﬁ&é i PistiTaby S5t sl 3 i dbalify 2.
Wis fr?quﬁr%g?ntt ngzehﬁoﬂa Rl%ﬁe]{ con%r?se? hg“ Qatx t[ed ﬁe&mécﬁ%t%s used

rmr e pre 0 pr e )
1 tngth@preparagop péfh@rsatihqtatzs of the jpresertridvdatian ehaé atsHformed prior

' ng)etﬁg Q%ﬁﬂ&ﬁ 4 t:lie sgl’fmﬁé aad rggfué)a "I‘He)ﬁtnkla{tgrajéelaq{ltgﬂge(%i%tg% have the

prefera rab y 1; provi

tggﬂtcﬁirﬁlo Ql%é?e%ff %Ea Qatoms in group (vi) is from
t 8t

10 gi ?;di cal o a ééée)ﬂﬁ c unsat E?at |o{)n By "hggfor nul a
;?eg(lzie;]é?ar %%’”%E?&f YReh PRk D26 s ana b

|sfrom1toa er abl to 18.
Compounds of For%ae 9%5%8 ang r%@qare prepared as

di gpusged above for Formulae 1A IB, and 1C except
that the sulfonation step is omtted. Conpounds of
For nul ap24y théBrowgnd 2C are al so nonomers that can be
pol yneri zed alone or in adm xture with other nononers

15 t (iFONT RY(CERICF A4C WS oI
(i)  RfOCF2CF2«(CgHpg)-;
(iij) Rf OCFHCF20(CH2CH20)y~(CgH2g)-;
(iv)  RfOCFHCFO(CywHow)- ;
(v) RfOCF(CF3)CONH-(CgH2g)-; or
20 (vi)  RA(CHp)R[(CF2CF)i(CHyCH)jlk
cach Ry is independently CcF(2¢+1):
c is 2 to about 6, preferably from 2 to 4, more preferably 4;
d is 1 to about 3, preferably from 1 to 2, more preferably 1;
g is 1 to 4, preferably from 1 to 3, more preferably 2;
25 v is 1 to about 4, preferably from 2 to 3, more preferably 2;
w 1s from about 3 to about 12, preferably from 4 to 6, more preferably 4;
his 1 to about 6, preferably from 1 to 3, more preferably 2;

1, J, and k are each independently 1, 2, or 3, or a mixture thereof,

preferably 1 or 2, more preferably 1;

30 provided that the total number of carbon atoms in group (vi) is from about
8 to about 22;
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repellency to the resulting polyners and to surfaces

to which the resulting polyners are applied. Preferred
wa@oonpowses of Forrmula 2A, 2B, and 2C are thosePWGsmbw048197

Ra is Rf(CH2CF2 )G - (CgH2) Rf OCF2CF2 - (CgH2 g ) -

Rf - OCFHCF2 Q(CH2CH20O) v - CgH2 )-; or RfOCFHCF2 (XQN

How O) - Y(i€gMRcay oy branshebdiprdeda ha\emg alcénichoszudnpolithds

of la 2A, 2B and erein c is 3 or 4, or

V\hgdrprgllh{?lYls CH=CH, CHgé:eCIZ(W9 ), C(CH3)=CH2 ,

CHIRHE?: iy X6 HRAUTOHIAR is (01 8 IRESTROLAA a1y ihose)

d Ra Rf (CH2CF2 )d
Co@%&ﬁi) G’é{;eln -I;SRf (OCFHCFZ )O(CH(ZgEQO)V “(CgH2 g

) bﬁrﬁ?fglyﬁ?clﬁ%@%%#@ e o-ce 'y, or
S(Bdm_ﬁér Ebfpputds 3 EREUED DRSBTS RTR S s BT gbove

antbr Rofrgla¢ A2} Brand Hhexcephibaithel sulémafion pap & anaittedB

angogbof® of$efihaad, Bt SdRILRALES hondh&PMa8can be
artlallé?dfluonnat dsufo d surfactants, in

paPRlyEsTized aloresy 1B AdmittHg ! y olficn ROBgrReT (o gautor soil and waer

10 pr @pbm&yo tdefreqthg pdigmpisaae /s surfidenfoivatiich thetrb®ilting
r| ses a pod of altering the surface behavior of
Eiﬁ]le@ar%glﬁ]r sing adding to the liquid a conpound

Of For “1# ﬁéd’%‘png)%’lql&n& Fjog‘nuﬁsl@ fB‘é 3?‘?26 Ql?ev ?msé. \?h&ein Ry is

wi de vari i cations actan

FoRf@HizqFA)d (@gHBg‘)d ROGENE Foy§iottg)y Rised by sinply
Dl QRIS Wit 0 AL 0110 VEURIOCIHUERY AU AT, -

and aqueous eru] sl ons. surfactants. o ar

15 | pAlsgriyefeired yisit %ﬂewympa of hioraple 24 dBj 3ndet Whergin cis'3 or
t ensiranerand IO, CHQC(%FCEIQ)Q a(CAk pelfi £ CH=CHCHp, or

CPREBCHHONS, Mt PR re oS oot Whiein Reds of
V\ERI(QI@,CFQQM g darR (O FEdgH( %Hzl cevelf ng, flowing,

{

r epg%;[_fenczywcr @gsd)ﬁ @gpgg)r ?e(;:rat #(f@ﬁ—’léiﬂg(gﬁc I Hz‘é{bg-udcd %255) d

ot et oo ok § Bt P k3 afHet ). o
S UC @a$)=icarsi ARo b?efé@&i"éré R8mb & dd € FeRA LA QB wherein Ry is

?ﬁgééz%@ﬁz&@% gtabeciabsac By adi i iODGF.

ESEE’LEE Fhe FoBRIRHY ”?f‘” M PBe2E fi 2 ARG s 1
mapepa@lpartiallly riblloauamdi s ftatedrsufhatsts, o8 paﬂea]anmose of Formula
25 naﬁﬂr% ?C%}é?}é@? g,c{elﬁlaggrs fi bers and fabrl cs, and

pai nts; waxes, finishes, |eveling and
gl oss a@ﬁ@f)r%s&ﬁ’ EnvichQ&H BurthEHERSNEE a method of altering the surface

behavior of a liquid, comprising adding to the liquid a compound of Formulae 1A,

1B, and 1C, as defined above, in a wide variety of applications. The surfactants
of Formula 1A, 1B, and 1C are typically used by simply blending with or adding
30  to water, aqueous solutions, and aqueous emulsions. The surfactants of Formulae
1A, 1B, and 1C typically lower surface and interfacial tensions and provide low
critical micelle concentrations. Examples of surface behavior alteration include
improvements in the properties of wetting, penetration, spreading, leveling,
flowing, emulsifying, stabilization of dispersions in liquids, repellency, releasing,

35  lubricating, etching, and bonding.
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shoes, inks, and autonotive care. Wtting agent

applications include wetting agents for conpositions
w@oenvadxehg herbi ci des, fungi ci des, weed kil | ePGT/US2009/048197

hor none growth regul ators, parasiticides,

i nsecticides, germcides, bactericides, nematocides,

m cr obi Beimdelss oeich applitagowy whee law suréacs tenstoerisprsuired

a9ffhRle c@éﬁﬂgr@ )P%thl%hsc‘an(f alcf;ﬂrle&%%ﬁ'ﬂog%l u &@Q%anmg g)roducts

substi t ut es, l e treat ,
f i pAcdHesel as&pwp%d{l@télnﬁﬂ% caw%n%ﬂme@arr@t%% load éif%thetlc stone,

I nglelgiatishia TRPASg, 16@NAdS] @@@f $extﬁé’ ﬁm%nalsnﬁﬁﬁeurﬁ asdBthcE
products for the ski,n

5 e S oL e R B8 NSRS L8 O s s
copmigmlens poivtexcs, figicldoleacling add:lesstappes ﬁquroam, $yrniture,
nak oleg g{ﬂ%% Hl’éd %11!5[01?15%%(?%% na’etttﬂ%,%@ﬁls%oghc%: toh % 1hde wetting
st @gemt éwf@msﬁmiﬂﬁ§0@tﬁdlﬂ1tgh0§b1§1dﬁ5,rfélﬁﬁwlé¢$ er@d klllers hormone
?‘eolwtﬁ‘ the upd%r@ eﬂa%asﬁ[b@dééﬂ'ﬂ@éc%%ﬁlﬁy )gerrﬁ‘i'afhek aJ4RAFYides,

ents her ap ations include rinse-aids (for
10 caPe 8?1@%8 aﬁ%rOPWC%sia% &ﬁ&liaetw§m§%rt%§rap%9 agents, e |
t r gatreRibsals, Iﬂme)lrd:bdbﬂﬁ@aﬂblbbdl butgtifitdsteatiid tadthdrt behs tadd fiber

| BER KRk € e G Gt RS st By iroas ¢
pecmtdntatnemn ctenreﬂmsewcosmctgc firods:ts for ihetskingy(sietkas, therapeutic or

gﬁ‘i’ih@@ afE Uf: Ry‘?%hs %31' a‘ﬁh'vﬁﬂéwe@%&éo‘%&%ﬂé bwders,

orest fires, Ire ext ngui shi ng

n&e@*@é’@@@;fﬁ@f%ﬂt&)@a&@qhﬁ@dl@h@? gnd tw@@éﬁm hgrther

agg@i |RafihsliRdiaORbE: 0k ﬁf&ubg é&)é'hrég s@in HREASLhBah®Br stain
cal ste hot or eS|

cl.eani n
s ol TRIVERSOT g GREI3B .uphqzlﬁg %’é‘@j%‘&@f efcrgents. Other
pohfb;ﬁi'cetﬂ(ms 1ﬂ¢1dc(ijer ﬁlﬁeaﬁds (Iﬁhé‘cfat wabtios andindachAtd dlghwashers) for
pro es an n Se tor.s .and .
bl SE SRR AR o e G AR PPl gy of
20 cawelbecdomeny),patrame @rqsmro Iyghrigdutst l[gbtti¢raing fcuttiog iodrio amprove
a”f)érfe,ﬁg%r{‘ﬂm@& %&Htﬁl 18!&5 ghﬁtﬁ% T@S%Héy{g d@@&&%&ggﬁﬂé{m

as ant I
phefRBlgioap Forrfighpg §0re$t| 5@3@9%@@% dire RXtHZU{pBEIL a@@lﬁ&é\erosol-

CORpeFird e;&msgulsRM@ thReb¥ias bentd dol fim a6 f@t%h@ﬂfrl@@ f@y

LAy ReT e 256, LLSALIEN G 0o ORLCRl: S STRY Soving
25 appdrmpmsiticonsdeatiepem, wrtishas fapid mesiadgeatia thefmamnfmcgurmg,
agg&%&smgelnf@l?a%dﬁ%gf & 150%&%!:1!023”3%9& e?e%%%hl%s OS¢ il'h@ YWirfactants of

or a
agémpseseptelnmnt@mcn@ ageatnorated @ahelmuctg thiah ﬁunngoragSe nts,

el gaibanRhahide A9 §ﬁ5§surfé‘aé§ AR &Btdg?&ﬁh?'ﬁl&% Sandsa@ |ag§§t!1t'ﬂ9
agent s, _df spersion aids, m crobi agen

ai pRents fop Bragpetis; taRes, Ib‘tﬂnP%WPhéecﬁ nﬂ%ppy I%Snglslas@mssmbber
30 anbdr{iﬁ@it[dﬁs et soly&shdr lﬂm[hp@ﬂ@ t@@@ﬁy&ilnﬁ%}gﬂ arg@]yrface

a nts, ounds o
i e T o L U T RO i

applications are in emulsifying agents, foaming agents, release agents, repellency

15 g

agents, flow modifiers, film evaporation inhibitors, wetting agents, penetrating

agents, cleaners, grinding agents, electroplating agents, corrosion inhibitors,
35  soldering agents, dispersion aids, microbial agents, pulping aids, rinsing aids,

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

agents, and oil field chemicals.
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agents in pol yurethane foans, spray-on oven cl eaners,
foanmed kitchen and bat hroom cl eansers and

waeleEnéme: ant s, aerosol shaving foans, and i n PERUB1089/048197
treatnment baths. The surfactants of the present
i nvention are useful as emul sifying agents for
pol ymer Thatoropoundapf ihe presentyingdntipbh aes alseowsshe as foaas control

| ag tﬁh%@lﬁt&ﬁiﬁ fo@rﬁs,gﬁxl gtdnedv%ﬁ%t’eaﬂ&§ b Emb@Kitchen and

SI| cone hot oemnul si 't zers, 1.norganic
pabithiopascl eaan@rs gne; dispfectanty, @proppl fhrwag t@%ﬂt ant B tgxtde

al geattheef Bilthsf OheSuERE Stk bf ﬁlelpr@aﬁthﬁveﬂﬂﬂoﬁm&@eﬁnut SinQRFying
and di s i on .of . nanopar.ticl ments .in

5 A P CBRRETIREA o, Bl of QpramBugmg 1oy e MEbiTzers. s
pr elokl @hdaye dgeats t’ohﬁhcc&b@,tﬁhoﬁ)eﬁﬂﬂéndnysttl\lﬁhgdﬂ indrganic particles,

g??ﬁe)(f;@ggleggs Eﬁ&pﬁtl&gﬂrﬁcta:nﬁ ard 515% il IIOP gudeetchfcgl a?bon

ect Consequen sur an s ornu
| Adiok@e camdbians eih&psefqml 0 man@pam@les WgrgBents of wetno us e
appl i cations. The resent i nvention further conprlses

conpounddoprcoresniion of kpschmteiou Oyl ¢pesioply. lesstBihehoxt
10 5 M)@%etbywwaf@ht & L& pdeind b)‘Fo@ndl@e IZAtch padtin Ghe liquid is

er abl rom fer 4 an
P oSO WonisAupibhie urthungts Of Bl th aRa L ubful in

Preh&devaﬁc@oﬁhmﬂnﬂsapﬁhcammmula 5 are those mhereln c
is 3o0or 4 gis 2, and v is 2 or 3. The conpounds of
For nul aTBe preecnt swfentiomBirihat eomprthicac@spéundsak Forgnula 5
partially fluorinated sul fonated surfactants. In
parti cul ar, REGGHHGF 2 Edsdinfds-Hr e usef uFoimuladki ng
surfactants of Formula IA B and 1C as previously

15 deMNA&H. The present invention further conprises a
process for e preparation of a conmpound of Fornmula 5

Kﬁ & Qv-HanmaS\mmeutmis(xFZ
to ab

C+n £ 22 to a% é) pret6 1’ab rn o ta O%nor._e O?rﬁﬁelrabl%ll and

conpr|S|ng con npodn

Rf - O CFz and c
is 2 to a out &ﬁ%ﬁ&%mggﬁ%gﬁﬁé ?lggge rﬁﬂ?Q
7THO ( W@Tg@d\éoﬁlﬂaﬁﬁw@ ofmula 5 are those wherein ¢ is 3 or 4, gis2,

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

previously defined.

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

25  compound of Formula 5
Ry OCFHCF,0O(CHCH»0)y-H Formula 5
wherein
Reis CcF(2c+1); ¢ 1s 2 to about 6; and v is 2 to about 4,
comprising contacting a compound of Formula 6
30 Rp-O-CF=CF» Formula 6
wherein Reis CcF(2¢+1), and ¢ is 2 to about 6,

with a compound of Formula 7
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wherein v is 2 to about 4. In the process of the
present invention the conpound of Fornmula 5 is

w@eapaswe by the reaction of a PCT/US2009/048197

10

15

20

25

30

35

per fl uorohydrocarbonvinyl ether with a diol in the
presence of an alkali netal conpound. Preferred ethers
i ncl ude t hose of HQs(@Gidp@HRO}HCF=CF2Fotmerlei’n Rf is a
perfluoroal kyl of one to six carbons. Preferred diols
.nwmr@@we&tmﬂlbewté gl ycol The diol is used at about 1
to about 5 nols ‘Fr\‘b of ether, prefera ngfy frog i
about 11n1§¢ RESERS CBCt Pré’seﬁ]éf*n"ﬁﬁ‘ilolbﬁle@?ﬁ‘@?un Hogpug 5 1s
aI mbarembsz ahe @%mwtdqaetﬂwr@mrm@inkaﬂyl cthet with adid{ad |

th t d drid
bt s B b e Bief i S e FosRae
K Grm@t Ry- Oa(ElF(%(Ele WhereindRsis syehlwsodia of ondte sixhabons.

LR SRRl b yLATIRERI Lol LERIR 320 o
abé@momm% ofpidat PiFapdy fiave ab@édttp @hméénn@lé per mol of

c Oé‘tﬁé‘r‘?tfﬁﬁtabl% AR 1iGREth g poBRYYViablude 84 6ikaR$nc@dl NGKkalPEarth

itri oces ful to e al cohol s of
rﬂm?}l éﬂlsaT'aHdg% alkgli by . OF élbélnkgﬂ amids, diplaed are

comlpalu nasals Sichlas v, KLUrfcacdramaa hyElIh&esSsubtﬁ acNaHtos K. The
esent 1nve of For

pr reaction 18 conc[]ucltei% ata tet‘néQera € ofl frAd ﬁbcfut am%wn%eg}ngera%re%o

cases, require ess UOF oe ene I n
pr @tgmut éﬂ(i)"@n pieiierably dropaatet 14©°Ccf©r&bentt i20ffal The reaction can

Fl yorasmedasd ﬁpfyﬁtldﬁﬁgﬁ)lvern@’ %gl?%soé{ﬁér o'?’n?thfeo hﬂleﬁyroéé@é 1fs
tetrafl uoroet hyl'ene may be use ion o
t heseRy to preparecterbe st dotnslgrswingk ﬁr%ﬁeqi 1':,0 ETPP")TG derivative
Rf as,-sﬁggik&s]_ﬂﬁact,anﬂgl i ) Rf (I:FHCF2q CH2CH2()) \'

-(Cg g )-; (iv) RROCFHCF2 O Cw H2w )-; or (V)
Rf OCF( CIFBé @@d&a&l@ﬂh@prﬁsdmtﬂvaﬁﬂlmmﬁimlaem IR andtiC, in
o DR S RO ERAI R S TP g
t heo @mwtmwahﬁ@r@furfah@npnm&tom Aolenter Bralcaoie While he
f ! fé%ﬂ obthy fe g% &ﬂﬁ th Fggoﬁﬂo H%rR MBIPURHRol

are to t er roa graoups of 1to
2op@av11§@rﬁéwheﬁ Psauﬁ {1 ‘% o médu t] onal
TeRﬁD@FH@FQb@@HQCHQOﬁQ(C ; or (V)
d f
S NP0 g GIRVAAS o T Enst

( [ bre@mltlén/oﬁ thgcompsundtioé FoondagA, iBicetl Cas of €ptrauia 2@, 2B or
t e&é af; o c O%ch%f%nﬁy &t fhe pp%oﬁt 1896%?8{1 asloﬁl% ocf%]et ﬁl'lcﬂ‘m% 1£ Pe\ﬂ?arced

prop OI‘
t h@ltbmthea@toarmog rmfnonmés pompangd © mémlp@meeﬂl@rmlﬂé groups of 1

1 @org aevdifsfih SlrgRtantNRRIIBEY traditional Telomer B alcohols. So less

tetrafluoroethylene is used in the preparation of compounds of Formula 1A, 1B
and 1C or of Formula 2A, 2B and 2C containing the Ry (i) and (vi) groups.

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

using the same level of fluorine.
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conventional surfactants. By "fluorine efficiency” is
nmeant the ability to use a m ni nrum anount of

W0 buooaskeni cal to obtain a desired surface ef PEDUSINI/048197
surfactant properties, when applied to substrates, or
to obtain better perfor mance u3| ng the same | evel of
fl uori ne. MATERI AMAAANRK HO {&d
mat eri al s and net hods wer e used in the Exarrpl es
her ei n. The folloparematsrighnng matpds mere en&mﬁﬁ@mﬂ@herem
wer e obmlnedfromsl n%Aldrlch (M| waukee W) fn
used wi CHEQMRRTY TERHG A Worgﬁﬁ&@mmep%@are&&raém& rom

a n Bbg(ﬂ{al ARirich lelwmuhyaimgﬁm sl faiitheut ﬂhlﬁiﬂd:@ﬁ@l Tiexanrluded
Le n an

5 01 PR ARG Sti S oesho R GuBRy B%gaf - totuene suonic
t r and.-ieom@e ahlydiroleuo tvadoni caihgdridm d-aosdgbrtacooistdenk trans-beta-

OC{@W RS BIRYEYEH diflr H\RintBIBbERds AlfbEedth (R Ekamples.

ecey po’l ygl ucosi de |s rom

Kregl i ngaviUESDRPELS: A&ttyﬂfe@eyl %%l}%'ld&%ldé_ R V&MLl 85 Kreglinger
| ?-telt-octyl phengoxy poly €thyl "al cohol 1s avail able

f r BHOBF g WRWAII HeHUMSai nt Loui s, MO. DOWANOL DB:

| - but ox et hane .i.s. avail a
10 cheni caﬁp‘@@wﬁ@b N T a0 11”&)?“0"%@(2&&%@ !%%%B%c?“aé‘able from
1, Sigiha3ARhrpbSaft oaioMdane i s avail abl e from Sol vay

Fl uorides, Thorofare NJ. The follow ng fluorinated
chemi caPOVEAN Gl BiB: abbetoky-@mtlxyrthangily apaiteblaiomdrour s

ang, CRRARYm 3J Whﬁﬁh&’

MPE:
Perfl uoro- 2 t'hyl - 3- oxahexanoyl fluoride,
Per f1 uogOPWANE B@SiMFC isMi, NY Bi Ap&Rafflod@utR is available from

s P eSp e FRREIRY hefafie ST oy ﬁQ?eE’eEL'er“n"EZFih&é?tehy'
g”ezg)a E gﬁ&@gog\i% togrgt}:g?gipgﬂe@éc e 8%%{: %L?gf?om E. 1. du Pont de
peNtmoorsclnd tGompiaoy Welmamgton Dby | Reafhne of2-methyt8-oaghexanoyl
Sengh e Rl A i SHDTAS B A
FI ek PerBugioethy i ladédoal kyl | odi des” J . Fluorine

Chem (199%), 70(2), .215-23. .The speC|f| c tel r
20 i odi desTh? Blioyenseringedrehgmigabnurre drgwrd R fied below:

Vinyl oCREFCHRC R P LA S FaB st WRTSY PUBTRE B o

Wi pdrfloerodntyl iadidemdiviieyl@snaflecaidezl agssibs@@edi bg Baidgad doyl,
Vi %@ﬁésﬁ ofFtud? natednfep%lés Bty O[%?ornerlzatlon of Vinylidene
Fluoride with Perfluoroalkyl lodides”, J. Fluorine Chem. (1995), 70(2), 215-23.

25  The specific telomer iodides are isolated by fractional distillation.

C3F70CFCF2l was prepared by reacting perfluoropropyl vinyl ether
with iodine chloride and hydrofluoric acid with boron trifluoride as a catalyst as
described by Viacheslav et al. in US 5,481,028.

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

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

effectiveness.
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X100; 2.4 g/L of active ingredient), butyl carbitol (DOWANOL DB; 4.2 g/L of
active ingredient), and mixed thoroughly. A Petri dish (11.5 cm diameter) was
filled about half-way with 75 mL of cyclohexane. After the surface of the

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

was started.

35 In poor performing formulations, the surfactant solution "sinks

immediately" below the cyclohexane. In fair performing formulations, the
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@stﬁed%ﬁgiﬁfoﬁlﬂmgéd%o {3 x Hilder nitrogen. The temperature was
maintained at 111°C for approximately 22 h until 90% of water was removed
azeotropically with the aid of a Dean-Stark trap. A liquid chromatography/mass
spectrum (LC/MS) was taken to show the completion to the diester. The solution
30 was separated and extracted with two washings of 5% sodium bicarbonate
solution. The combined organic extracts were dried over anhydrous magnesium
sulfate (MgSQO4) and then toluene was removed by rotary evaporation. The
yellow oil (3.12 g, 61.9% yield, 90% purity) was analyzed by IHNMR and
LC/MS to confirm the structure as C3F70CF(CF3)C(O)NHCH>CH»>O-
35  C(O)CH=CHC(O)OCH,CHoNHC(O)-CF(CF3)OC3F7.

Example 2
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A m xture of mal eic anhydride (0.60 g, 6.1 mmol),
C3FyOCF( CF3) CONHCH2CH2OH (4.5 g, 12 mmol, prepared as
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esEerarhfleBat i on procedure of Exanple 1 was used to make
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O R CHRRECRm2EH2 Glaske®oledx 40 P@ f3llowed by the addition of water to
separate the crude ester. Ethyl alcohol (3 mL) and p-toluene sulfonic acid (0.09 g)
were added and the mixture stirred at 70 °C for 0.25 hours. Ethyl formate and
ethyl alcohol were removed by distillation to give a crude product. The crude
product was dissolved in ether, washed with 10 wt % aqueous sodium sulfite,
water and brine, in turn, and dried over magnesium sulfate. Distillation provided
the product C4F9(CH2CF2)>CH>CH2OH (6.5 g, 83 % yield): bp 94-95 °C at 2
mm Hg (266 Pa).

Maleic anhydride (0.65 g, 6.7 mmol), C4F9gCHCF>CH>CF2CH>CH>OH
(437 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 110°C for 48 h. The work-up was carried out as in Example 1.

The resulting pale yellow liquid (2.90 g, 51.4% yield, >99% purity) was analyzed

22



Et hyl ene (56 g) was introduced to an autocl ave charged
wth &4 FO(CH2CF2 )2 | (714 g) and d-(+)-linonene (3.2
W@201040m823 he reactor heated at 240 OC for 12 heCik/BS20041¢48197
product was isolated by vacuumdistillation to provide
FO(CH2CF2 )2CH2CH2 | . A mixture of C4 F9(CH2CF2
) 22 BRPMR e(nﬂ(L(@/MS)tmnﬁﬁh)thfaﬁchrm GyFg@pehiddr( 8. 9

M.cr9ciic Hhedke j(SC ©f},e6,80YE5Fg The
nixtg E coo ed to gD ?$H£§%ée byzthg gd%ition
ofEm@h @410 separate the crude ester. Ethyl alcohol (3
nmL p-tol uene sulfonic acid (0.09 g) were added

and theCIjF?(Q)GF%CBQII (rm(eag @04 1 Madibenzdyl 3broRiidr(S g) Feky |
f or,mat e, .and m)ved

5§ oS @ Sty Dl B e L SR RSyt um Althoden
di gssalegenhceawed tlhem exatadad—50 LG addethyleds Alfus Ous! moklivam

S ulnftrlotdﬁeed Qe?s%fjvv%{ h&f&idl 110925 Hot at ‘H‘@I @ r 'Tﬁg a&gagve was

magnesi um su at1on 1pr ovi de

CACqedaACH? ar}c&b%e;@?q d({;gl%m@ @gn %eypreqhmé Wélg 901#‘14_&1%@1%11 a

OOO&HGZTHQ]‘%M@ut Alled VRIS 80 210 gg @Fé FSOHYCHBI i 80%
10 ?.Tgljg | é%%lﬁg qﬂl%tp%%sggzé&c@% % §>

-

ol ) ad ra§E£‘§f%§ﬁ€;%¢€¥%£§w®§gé%ﬁiﬁwlawapared as

hedd:sedbd:cbahoeé) anxd Mmetiy0 @ rhamid4 8 M. mThevasdickted po Wels°C for 26

AT B LA o B0 gl e

ansHppradiih GNIS)IEZT aEu@YK@P(I\?Sl {0 @b ﬂmd mtqlh@lesﬂﬂl}femc e (2.59
15 355%51%%5} W@ crude %s(t%r and the reaction was stirred at 70 °C for 15
Ex%%}t%s J@%{ﬁ Eﬁ%ﬁﬁzﬁeﬁ S)tlﬁg'% auide &V&;ﬂ crude

pepmxiude T(hs cg)de\msctncc{wag desblval ia ciie@sSsashed with sglicoun dedium
nltr es . of th e%gdrv cuurrinltro en

water an‘c‘ai r‘bI ns in turn, t ¢l ovEpmagnesn lﬁa‘?ef enee Izrgguct

se%u ences en execu
g wos B4n dmltljledvmsglmﬂ Pddat €gF7@ﬁE2%§@HQCHa@tha&5e% yiddd.

20 QH&hﬁ% &%M&lﬁ@@éﬂ%%ﬂ (333 pepl ed to 0 OC

opene ter degassing. T he product was
CO| | eCt Rdmhﬂa rB&idutEas Fitagh P%@Eoﬂéﬁéte@' Mdlélk%ﬂl}lydrlde (0.66

gi VI 00/ ield
Boki |- ?&ostﬁ%ﬁF ég;it m qkmgypar as
m xésuhbemibﬁFﬁ%iﬁzﬁE%ﬂfﬂ:ﬁeHaﬂd rﬁ&ﬁihy@rate(XOGl& 410l68 mmol) and

ueﬁlf;zS(?mL escr be oge gr&%nﬁg%ag% EML?% ir%;;nﬂe pale

25 r em@itqvocruvlapm@iootl (éd2tg; 82.800, 089 iritomess doplyzidby H NMR

@%I% e the crude ester. Ethyl
al %%L? S)fto ; thg -to0 %e sul f oni

C3F70C 2CF2 HzOC(O)CH CHC(O)OCH2CH2NHC(S))CF(CF3)OC3F7

Example 5

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

35  to a 400 mL metal shaker tube in a nitrogen filled glovebag. The shaker tube was

cooled to an internal temperature of —18 °C, shaking was started, and
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Example 6
A one-gallon reactor was charged with perfluoroethylethyl iodide (850 g).

After cool evacuation, ethylene and tetrafluoroethylene in a ratio of 27:73 were
added until pressure reached 60 psig (414 kPa). The reaction was then heated to
70°C. More ethylene and tetrahydrofuran in a 27:73 ratio were added until
pressure reached 160 psig (1.205 MPa). A lauroyl peroxide solution (4g lauroyl
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
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tetrahydrofuran concentration, and drying was to produce the yellow/orange solid
product (7.46 g, 93.3% yield, 97%), which was analyzed by IH NMR and LC/MS
to confirm the structure as C,FsCH,CH,[(CF,CF;)(CH,CH;)]kOOC(O)CH=CH-

C(0)O[(CH,CH,)-(CF,CF;)]k-CH,CH,C,Fs wherein k is a mixture of 2 and 3.

Example 7

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
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15 B edrto reflux in toluene (50 nL) at 114C
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, I um ogen car onate S0l
elr 1@3@ mpar% desabashbone o pitalucacspifenie acid monohydrate

( st 1y atesh mad! ik tolubnd@® rhhERere refluxed for a period of 19 h at a
temperature of 113°C. The resulting pale yellow liquid (4.53 g, 90.6% yield, 72%
30 purity) was analyzed by IH NMR and LC/MS to confirm the structure as
C4F9CHpCF>,CHyCHOC(O)CHC(=CH2)C(O)OCH> CHpCF2CH, CyqFg.

Example 9

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

the reaction mixture was stirred at room temperature for one hour. The solid was
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concentrated and dried in vacuum over night at room

tenperature to give a white solid 35 g, yield 95%
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54c&1ﬁrﬂﬁhatqm2ctm1dg (X3B§®CP€()JFi)C(©NHCH2€IHQyZIU(Oje (0.75

13 I
pr 8@%@%@@%@%5 éﬂﬂjfjggul fonlngoam d
n@;{g&@erﬁ{e (0.13 g, 0.67 mml) and tol uene (50 ni)
xed for a period of 19 h at a tenperature of
20 113C. The e%%l&i aﬁ%@d&e%h't&%ﬁ %ﬁtgé’ihge éh‘br%g Wit ('9 90. 6%

yield, 72% purit was anal

Coﬁﬂfg(ﬁﬁgﬁgzls@lla frded-66)- hrnonene (1 g) and the reactor heated at 240
04@ £ et G2 (el @k%%o%@(@%@@fﬁ% de

H?@]ﬁgbgzﬁla%ﬁggt rienn\%gg ﬁrggirl]cg!ﬁ ?{Hn&e) \glas adged slowly to 50 g
of C4F9CHpCF>CH»CH7l and mixture was stirred at 60 °C for 1.5 hours. The
25  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
10 wt% aqueous sodium acetate and distilled to provide
C4F9CHpCF>CHyCHpOH: bp 54-57 °C at 2 mmHg (267 Pa).

Citraconic anhydride (0.75 g, 6.7 mmol), C4F9CH>CF2CH>CH>OH
30 (4.37 g, 13.3 mmol, prepared as described above), p-toluenesulfonic acid
monohydrate (0.13 g), and toluene (50 mL) were refluxed for about 46 h at
112°C, after which only the diester was observed in the LC/MS analysis. The
work-up was carried out as in example 1 to give a pale yellow liquid (2.98 g,
59.6% yield, >99% purity) which was analyzed by IH NMR and LC/MS to
35  confirm the diester structure as
C4F9CHpCF>,CHyCHOC(0O)C(CH3)=CH>C(O)OCH,CHCF2CHCyqFog.
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( 264189 CHaEF » GHp 6Hy OE€YO) OHab HalH 6§ Da® € Hodt g ¥ O Ay Fg.
CAFOCH2 CF2 | (217 g) and d-(+)-linonene ( 1 g), and
t hExarapletldr heated at 240 OC for 12 hours. The product
was isolated by vacuumdistillation to provide C4

20 FocH2 CE 2 Wamﬁpdﬂg:eém pypyteclavs ehargedivih was
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gF Ezefg%z&%%%ﬁﬁm%gt%fd%tﬂﬁ alcoh®h (38n1!) Y -dotuet? siPSdRacid (0.09
g) were added and the mixture stirred at 70 °C for 0.25 hours. Ethyl formate and
ethyl alcohol were removed by distillation to give a crude product. The crude
product was dissolved in ether, washed with 10 % by weight aqueous sodium
30  sulfate, water and brine, in turn, and dried over magnesium sulfate. Distillation
provided the product C4F9(CHpCF2)2CH>CHpOH (6.5 g, 83 % yield): bp 94-95
°C at 2 mm Hg (266 Pa).

Trans-glutaconic acid (0.75 g, 5.8 mmol),
C4F9CHpCF>CHyCFCH>CH,OH (4.54 g, 12 mmol, prepared as described
35  above), p-toluenesulfonic acid monohydrate (0.11g, 0.58 mmol) and toluene
(50mL) were stirred continuously together and heated to reflux at 111°C for a
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Example 14

The maleate, prepared as described in Example 13, (6.68 g, 17 mmol), p-
toluenesulfonic acid monohydrate (0.30 g, 1.7 mmol) and hexyl alcohol (1.60 g,
17 mmol) were mixed together along with toluene (50 mL). The mixture was
30  stirred continuously together and heated to reflux at 114°C for 19 h. The work-up
procedure as in example 1 was conducted to produce a clear liquid (7.14 g, 89.3%
yield, 98% purity), that was analyzed by 1H NMR and LC/MS to confirm the
structure as C4F9gCHCF>,CHyCHOC(O)CH=CHC(O)O-(CH»)cH.

Example 15
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dedissqlpsyn deionized water (53 mL), was added dropw1se The mixture was
heated to reflux at an elevated temperature of 82°C for 24 h. The solution was
concentrated to remove the isopropyl alcohol/water solution. The remaining pale
yellow liquid was dried overnight in an oven to produce a white solid (6.96 g,
78.8% yield, 98% purity) and was then analyzed by by IH NMR and LC/MS to
confirm the structure as C4F9CHpCF>CHCHpOC(0)-CHy CH(SO3Na)C(0)O-
CHpCH,CFpCHpCy4Fg. 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 18
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e structure as C3FyOCF( CF3) C( O NHCH2CH2OC(

O CH2 Cﬁe rnai\la?e% (g})are as (Piescrllt}lﬂ% m(pg:S ,3()1 %Sg, Z.S mmol),

25  isopropyl alcohol (31 g) and aqueous sodium bisulfite (0.29 g, 2.8 mmol)
dissolved in deionised water (14 mL) were mixed together and refluxed for 27 h at
82°C. The isopropyl alcohol was concentrated and the white solid (1.46 g, 87.1%
yield, >97% purity) obtained was dried in a vacuum oven and analyzed by 1H
NMR and LC/MS to confirm the structure as C3F7O0CFHCFOCH,CH7O-

30  CHpCH>OC(O)CH>CH(SO3Na)C(0)O-CHCHOCHpCHOCF>,CFHOC3F7.
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 21

35 The maleate, prepared as described in Example 6, (7.54 g, 8.7 mmol) and
isopropyl alcohol (31 g) were heated to 50°C until the solid had dissolved in
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The product was eval uated for CMC and surface tension
beyond the CMC by Test Method 1; the results are shown
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20 TaMeghozl 1, antdh rswl@abwg inhaldg el @ﬁ@xm@émlgwnmsbhmhm Test

2 MEHJ 7, &t esul&RAYWn iiTdigbbe 3. Exanple 19 The

mal eat e, prepared as described in Exanple 4, (4.10 g,

5.5 mmol ), isopropyl alcohol (3l1g) and aqueous sodi um

bisulfite (0.28 g, 2.8 mmvl ) dissolved in deionized

water (14 nmL) were stirred continuously for 18 h at a

tenperature of 82C. The white solid (3.36g, 71.9%

yield, >95%purity) was collected by rotary

evaporating the isopropyl al cohol/water solution and

t hen the
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product was dried in a vacuum oven. The product was
anal yzed by H NMR and LC/ M5 to confirm conversion to

W0 ba0002883 er sul fonate and the structure as C3FZIIIERD09/048197
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CFR2CH2CH2 OC( O) CH2 CH( SC8Na) C( O) OCH2 CH2CF2CF20C3 Fy.

The product was eval uated for CMC and surface tension
belimamipleRé CMC by Test Method 1, with results shown in
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pre%%%-as described in Exanple 6, (7.54 g, 8.7 mmuol)
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( 3al66hag thid wulited emamet! by fifravipy wheh cehelwasaddedy)Ifusy of the

StLLERY JEANEMANRY $iY WoRBEID Ghroc A AFHEOHRs BRI M The
bottom layer (2.62 g, 78.8% vield, 85% purity) was analyzed by 1H NMR and
LC/MS to confirm the structure as C3F70CF(CF3)C(O)NHCHCH».
OC(0)C3H5(SO3Na)C(0)0-CH,CHyNHC(O)CF(CF3)OC3F7.

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

Example 25

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 alcohol solution,
which was then heated to about 82°C for about 22 h. The isopropyl alcohol and
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of sodiumbisulfite (0.45 g, 4.3 mmmol ) dissolved in
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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
30  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
deionized water (47 mL) was transferred to the solution and the contents were
refluxed for 22 h at 82°C. The isopropyl alcohol/water solution was rotary
evaporated to leave the white solid (4.14 g, 82.8% yield, 90% purity) that was
35 analyzed by |H NMR and LC/MS to confirm the structure as C4F9CHpCF>CHp-
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Maleic anhydride (0.63 g, 6.5 mmol), 1H,1H,2H,2H-perfluoro—1-octanol
(4.74 g, 13 mmol), p-toluenesulfonic acid monohydrate (p-TsOH) (0.19 g, 1.0

mmol) and toluene (50mL) were added to a flask and heated to reflux for 96 hours

at 111°C. The solution was separated and extracted with two washings of 5%

30 sodium bicarbonate (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°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 1H NMR and LC/MS.
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conversion to monoester. A similar procedure was carried out again but with the
addition of another mole of alcohol. The alcohol (6.30 g, 13 mmol), DCC (2.63 g,
13 mmol) and CH»>Cl» (35 mL) were added to the flask and cooled to 0°C. The

30 monoester, that was produced previously, was re-dissolved in tetrahydrofuran
(15mL) and added dropwise to the solution. The work-up method was carried out
and the resulting product was a pale yellow liquid (6.46 g, 80.0% yield, 75%
purity). The product was analyzed by IH NMR and LC/MS to confirm the
structure as di(1H,1H,2H,2H-perfluorooctyl) citraconate.

35 Di(1H,1H,2H,2H-perfluorooctyl) citraconate (4.99 g, 6.1 mmol, prepared
as described above) and isopropyl alcohol (32 g) were transferred to a flask and

heated to 50°C for 10 min. A solution of aqueous sodium bisulfite (1.53 g, 15
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30  Comparative Example D
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°C for 12 hours. The product was isolated by vacuum distillation to provide
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35  of C4F9CHpCF2CH>CHyI and mixture was stirred at 60 °C for 1.5 hours. The

reaction was quenched with ice-cold 1.5 wt% NapSO73 aqueous solution and

37



| H, | H, 2H, 2H per fl uor ooct anol (8.02 g, 22 mol),
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and toluene were added together and the contents were

heated to reflux at 111C for 25 h. The work-up as in
wWeanpdw23 was conducted. The white solid (3. 82CHUS2009/048197

76.4%vyield, 95% purity) analyzed by H NVR and LC/ M5

to confirmthe structure as C4 F9 CH2 CF2 CH2 CH2

OC(O)CH 2 CH=CHCH 2 C(O)OCH 2 CH2 CF2 CH2 -C4 F9 .
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i, J] , and k are each independently 1, 2, or 3, or a
m xture thereof; provided that the total nunber of

W@ 201booee2 ons in group (vi) is from about 8 t oPGIUS1009/048197

10

20

25

22; X is a linear or branched difunctional alKkyl

sul fonate group -CeH(2 e -1)(SO 3M-, wherein e is 2
or 3;Mis a nonoval ent cation selected fromthe group
consi sting of hydrogen, anmoniu al kali netal, and
al kaline earth netal; R isﬁﬁé&ﬁgg I i near or branched

al kyl gr?up an b is from1l to about 18. 2. The
coﬁ%@&ﬁé—%ﬂ@l‘—%lml wherein Ra is
Rf CH2 2 <i Rf OCFHCF 2
SPOTE egq%%oﬁ%dog%u&}z&ééf% ow )< 3
The conpound C 1 wherein c is 4. The
conpound of Q?aao é@ erein Xis CH2 %I)—\?@l %‘M CH2
CH(CI—|28CBM___)_(_ , or
cH2 CH(S(BM&?CS?_&@(? %C@wa 0 a|m2
wherein d isprl.ogd-x-@p-@¢hd Rf is C3 EOl%ulefEQ 6. The
conpound of cfaim5 wherein X is CGH5( SBNa) or CH2
CHRERBMa) . 7. The conmpound of claim 1l wherein Ra is
CAFc) CH2CF2CH2 CH2 or C3F7CH2CF2CH2CH2 and Rf is (CF2
) 6F. 8. RAismat gadipof al tering the surface behavior of a
liquid conprising adding to the liquid a conpound of
cl ai )1 orRRECHPKFp)je(CGghlopeof . 9. The nethod of claim8
wherein the surface behavior is selected fromthe
gr our(ll):onsliifﬁqﬁjz§FQf(ngimgPi,ng the surface tension,

wetting, penetration, spreadi | evel i ng, rovwng

enmul giibyi M, OGFeEER (G2 CHa et %Fg@g Jriel easi ng,

l‘l’ﬁgr Irﬁ(;‘i ngg@f@ﬁ@%d)erg t ﬁgdl ?tqﬁlbldl : él ggco;toi ng
e 37t yi OGO T e ol case agent.
repegbﬁﬁﬁt%@{(‘&%&bﬁv{c%@ﬁz)% filmevaporation

I nhi
cach Ryis independently CcF2c+1)

¢ is 2 to about 6;

dis 1 to about 3;

gis1to4;

v is 1 to about 4,

w is from about 3 to about 12;

h is 1 to about 6;

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

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

X is a linear or branched difunctional alkyl sulfonate group
-CeH(2¢-1)(SO3M)-,

wherein e is 2 or 3;
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agent, penetrating agent, cleaner, grinding agent,
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agent, pulping aid, rinsing aid, polishing agent,
personal care conposition, drying agent, antistatic
agent , M serménavakht caion selnclce froaygibagroup consisting of hydrogen,

ammonium, alkali metal, and alkaline earth metal;
R is H or a linear or branched alkyl group CoH(Q2b+1)-: and
b is from 1 to about 18.

2. The compound of claim 1 wherein Ry is R(CH2CF2)d-(CoH2g)-;
RfOCF2CF2-(CoHg)-; Rf OCFHCF2O0(CH2CH20)y-(CgHog)-; or
RfOCFHCFO(CywH2ow)-.

3. The compound of claim 1 wherein ¢ is 3 or 4.

4. The compound of claim 1 wherein X 1s CHCH(SO3M),
CHCH(CH2SO3M), CH(CH3)CH(SO3M), CHpCH(SO3M)CHp, or
CHCH(SO3M)CH,CH».

5. The compound of claim 2 wherein d is 1, g is 2, and Rfis C3F7 or
C4Fo.

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

7. The compound of claim 1 wherein Ry is C4F9CH2CF>CHyCHp

or C3F7CHpCF>CH>CH7 and Rris (CFp)gF.

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

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

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

lubricating, etching, bonding, and stabilizing.

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

antistatic agent, floor finish, or bonding agent.
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