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25  alkaline earth metal, or ammonium; Ry, is an alkyl group; nl is an integer of 1 to

10; and p1 and q1 are each O or 1.

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

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

35  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
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15 Rfis CcFQc+1)

c is 2 to about 6; and v is 2 to about 4,
comprising contacting a compound of Formula 6
Rf-O-CF=CFj Formula 6
wherein Reis CcF(2¢+1), and ¢ is 2 to about 6, with a compound of Formula 7
20 HO-(CHCH20)y-H Formula 7
wherein v is 2 to about 4.

DETAILED DESCRIPTION

Herein trademarks are shown in upper case.

The surfactants of the present invention have the structure of Formulae
25 1A, 1B, or 1C.

(Rg-O-CO-)nX Formula 1A
R,-0-CO-X-CO-O-(CHpCHp)Rf  Formula 1B
Ry3-0-CO-X-CO-O-R Formula 1C

wherein



Ra -0-C0-X-C0-0-R Formula 1C whereinR is Hor a linear
or branched al kyl group C H 2b+ 1) wherein b is from1l
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(1) RfOCHeEE2bNY fGyhid tg 2) and fibrd prefefabQCEHCF
QCH2CH2OQ v -(CgH2 g )-; or (iv) RFOCFHCF2 QO Cw H2w
) -5 wWhen RIOCEHE > ACdhzly X wherdDHY iSHe8Cdut 3 @Habout 12,

CH( CH2 S%fera%@ﬁﬁh %Sa%{\@nore%eﬁﬂ f@m C , or

CH2 CH( S Moré speci fica preferred

Sn‘log bmnt%égp%@(iﬁflq(@ Hzg) apd 1C are when d is 1,

(vi)  R(CH2)p[(CF2CF2)i(CH2CH)jlk wherein his 1 to about 6,
preferably from 1 to 3, and more preferably 1; and i, j, and k are each
independently 1, 2, or 3, or a mixture thereof, preferably 1 or 2, and more
preferably 1; provided that the total number of carbon atoms in group (vi) is from

about 8 to about 22. The preferred Ry groups are (1), (i), (ii1), and (iv).

Preferred embodiments of Formula 1A, 1B and 1C are those wherein Ra is
group (i) RCH2CF2)¢-(CgH2g)-, (ii) RIOCF2CF2«(CgHpg)-; (ii))  Re
OCFHCF20(CH2CH20)y-(CgH2g)-; or (iv) RFOCFHCFO(CyHay)-; when ¢ is
3 or 4; and X i1s CHpCH(SO3M), CH>CH(CH2SO3M), CH(CH3)CH(SO3M),
CHCH(SO3M)CHp, or CH>CH(SO3M)CH2CH». More specifically preferred
embodiments of Formula 1A, 1B and 1C are when dis 1, g is 1 or 2, and Rfis C3F7
or C4F9q. Also specifically preferred are compounds wherein Rfis C3F7 or C4Fg
and X 1s C3H5(SO3Na) or CHpCH(SO3Na). The compound of Formula 1B
wherein Ry 1s C4F9CHpCF>CHyCHyp or C3F7CH2CFoCHCH7 and Ryis
(CFp)gF is also preferred. A preferred embodiment of Formula 1A (R,OCO-X-
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or CAF9. Al so specifically preferred are conpounds
wherein Rf is C3F or C4F9 and X is C3 (SG3Na) or CH2
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i, J] , and k are each independently 1, 2, or 3, or a
m xture thereof, preferably 1 or 2, nore preferably 1,
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group (vi) is fromabout 8 to about 22; Y is a linear
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Y is a linear or branched diradical having olefinic unsaturation of the
formula -CeH(2¢-2)
wherein

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

The surfactants of Formula 1A are prepared by reacting two moles of
fluoroalcohols of formula R3-OH wherein Ry is defined as above with one mole
of an unsaturated linear or branched dibasic acid of the structure CcH(2e-
2)(COOH); or its anhydride of Formula D

CeH(2¢-2)



Devel opnment 1998, 2, 194-202, and by Sekiguchi et al.
in US Patent 4,545,939. Alternatively, the olefmc
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1B, and 1C to make the surfactants of Formulae 2A, 2B, and 2C results in the
formation of stereo-isomers and regio-isomers. For the purposes of the present

30  invention, all the isomers are equivalent and all are included in the definitions of
Formulae 2A, 2B, and 2C.

The surfactants of Formulae 1B and 1C are prepared by reacting one mole
of a fluoroalcohol of formula R;-OH with one mole of an unsaturated linear or
branched dibasic acid anhydride of the structure of Formula D at a lower

35  temperature (between about 50 - 85°C). The esterification is then continued at a

higher temperature (between about 100 - 120°C) with a mole of a fluoroalcohol,
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M xtures of surfactants of conpositions of Fornul ae
IA |IB, and 1C can be prepared by using two noles of a

workupew2nf two or nore of Ra-OH, Rf- CH2CH2- GrCT/HBZH09/048194
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18thé.invention include the fluorinated telomer alcohols of formula (V):
Re-(CH2CF2)q(CH2CH)-OH V)

wherein Rfis a linear or branched perfluoroalkyl group having 2 to 6 carbon
atoms, and subscripts q and r are each independently integers of 1 to 3. These
telomer alcohols are available by synthesis according to Scheme 1 wherein Ry, q

and r are as defined for Formula (V).



Alternatively, the telonmer ethylene iodides (VI of
Schene 1) can be treated with N-nethyl formam de

w0 2010002 by et hyl al cohol /acid hydrol ysis. TheCTRES2009/048194
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group of Formula (ii), RfOCF2CF2(CgH2g)-, is obtained
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The R, group of Formula (i1), RfOCF2CF2(CgH2g)-, is obtained by
preparing fluoroalcohols of the formula RfOCF>CF»-CH>CH>OH which are
available by the following series of reactions wherein Ry is a linear or branched
C5 to Cg perfluoroalkyl optionally interrupted by one to three oxygen atoms and q

is an integer of 1 to 3:

IC1 /HF
R-O-CF=CF, ——» RrO-CF,CF,-I
(IV) BF, (V)
l CH,=CH;
oleum
R-O-CF,CF2-(CHyCHy)-OH < RrO-CF,CF 5-(CH,CH,) -l

(VI water (VI)

Scheme 2
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catalysts include potassium hydride, sodium amide, lithium amide, potassium tert-
butoxide, and potassium hydroxide. The reaction is conducted under an inert
atmosphere such as nitrogen gas. Suitable solvents include dimethylformamide,
dimethylacetamide, acetonitrile, tetrahydrofuran, and dioxane. Preferred is
dimethylformamide. Cooling is employed to maintain the reaction temperature at
from about 0°C to about 30°C. The reaction is usually conducted for 1 to about 18
hours. The solvent is then removed using conventional techniques; such as

evaporation in vacuum on a rotary evaporator, or in cases where the product is



Structure A, shown below. Lower ratios of vinyl ether
to glycol and shorter reaction tines give increased

w@roones2nf Structure B, shown bel ow, and unr eBCT/E82009/048194
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l@h'a SRLARISHARE I Wgh theQlinCBr  Aidtldialeh oLl des
C a ction is conducted at
t efsbonatqr @S Patent Application 2007/0004938 descrlbes a process to produce

fluorinated vinyl ether by reacting a 2-alkoxypropionyl fluoride with a metal
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=CFj, CF3CF5-O-CF=CF7, CF3CF2CF-0O-CF=CF3, and
CF3CFpCF>CF-O-CF=CF», each of which are available from E. I. du Pont de

Nemours and Company, Wilmington, DE.

The Ry group of Formula (iv) RfOCFHCF,0O(C, H)y)- wherein w

is from about 3 to about 12, is prepared by the reaction of a
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of from about 400C to about 12Q0C. The reaction can be
conducted in an optional solvent, such as ether or

W Ranidw22 The Ra group of Fornula (v), PCT/US2009/048194
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Rf OCF( CF3) CONH CH2CH2-, is prepared by meking a
fluorinated al cohol of Fornula 4 : wherein Rf is a

st perflgpohpdroparhomhex] cter fithor dial ikythe presange hbsn alfali r om
ab&l&al gorhgmﬁlkao l#ref@rr@@ét‘ﬁ@r@ iR RIBtho Q¥ ofFofFhuth Rr 9] t'Fet‘FQf

IS ox n or : [ 1's 1 ndependent |
or ‘g&ﬁﬁ%ﬂ fkﬁéllp@rﬂuqrwkylmg‘ e Gupx HQRPP% Fhegfipki é‘éﬁd ad to

abgstut 2@ @R Q!Sl naimﬁ@r m&mﬂeﬂi&a'ﬂré’fefa@m fRdiiaButalnto
or, su i nati n t her eof ;

o YR ot pg R grgtngt “Spite S PET SugousiY fs e
i ndlkglé metak al]salmrtbrrgamll, alkhli hidnogidgy @dkigdi hydridesorzar o or
onglka afngd 'Pr@fggegallef‘jlll%y %&é%lsmh-r&b %:q{r&oép%r%[kali

i ween d
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each herein incorporated by reference) with a triam ne
or ORfiou Idveat-cYEbES SSPTEHTIG t hout sol vent. The

condi ti gns, of th| eact i on ructure
of the B85 B EropRet TBERER SR BROGFrEy CONI-CHy - R itfared
al phadkingudtesmbtt iatcoheldbfd®ranlavi:t h di am ne i s reacted
at a tenperature of from abqut 50C to about 350C
Suitabl e solvents for this rjeaction include

t et r ahydr of ur an, et hyl |30Q§p |, ket one, acetone,

CHCl 3, CH2Cl 2, or ether. /}na eactlon of ester w thout
al pha-fluorine substitutgon wi t¥ di am ne i s conducted
at a tenperature of from about 900C to about 1600C
preferably at between about 1OOQC to about 1400C.
Preferably no solvent is enployedGf-or this reaction,
but suitable solvents include cikorobenzene,

di met hyl f ormam de, or 2-net hoxygthyl ether. The
conpound of Fornula 4 is al so pRepared by reaction
betweem a perfluorinated acyl fluoride with a diam ne
al cohol or am ne alcohol. This reaction is conducted

at at GRF ﬁraadtmght of bfahﬂiﬁd@i@ﬁlﬁomﬁﬁﬁ%@@ Rt fré@@bout 2 to
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SO

%@Pa?ﬁ?so¥%gggp El?rﬁﬁude t et r ahydr of ur an,
net hyl ne, acetone, CHCI 3, CH2Cl 2 or 2-
nethoxy #§%¥H%§&9dlethyl ether. The Ra group of

For mul aee{c‘ﬁ'ﬁl gqu’e%en&ﬁ%)o%aglgd?l%gﬂti 1&%%#8&14 ﬂlekflng from

about 1 to about 20 carbon atoms, optionally containing an oxygen, nitrogen, or

sulfur, or a combination thereof;,

G is F or CF3; A is an amide; ]’ is zero or positive integer; X2 is an

organic linking group; h’ is zero or one; B is H; and E is hydroxyl.

The compound of Formula 4 is prepared by reaction between a
perfluorinated ester (prepared according to reported methods in US Patent
6,054,615 and US Patent 6,376,705 each herein incorporated by reference) with a
triamine or diamine alcohol with or without solvent. The conditions of this
reaction are dependent on structure of the ester. The reaction of alpha, alpha-
difluorosubstituted ester with diamine is reacted at a temperature of from about

5°C to about 35°C. Suitable solvents for this reaction include tetrahydrofuran,
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i s obtained by preparation of fluoroal cohols of the
formula RfF(CH2) h[ (CF2CF2)i - (CH2CH2)i]kOH, wherein Rf
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k are as defined above for the corresponding alcohol, with N-methylformamide to
about 150°C and holding for about 19 hours. The reaction mixture is washed with
water to give a residue. A mixture of this residue with ethanol and concentrated
hydrochloric acid is gently refluxed (at about 85°C bath temperature) for about
2.5 hours. The reaction mixture is washed with water, diluted with
dichloromethane, and dried over sodium sulfate. The dichloromethane solution is

concentrated and distilled at reduced pressure to give the alcohol. Optionally
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%E@F]%Qd C(g‘a{@ fw CTEf 1s%t&§g @-_é Verstqg]ﬁf 81b§ﬂ d
( I tio)es R e@l%lﬂ@ﬁﬁd Ot eHR 20y 1ene (@g M2 uged to;cofitrdl)conversion of
o 9%5 B (O e R ey il i A
e?etm Oil, @re pregerably dronsatput b 2&@@ eute; 1 ;Trhéfrmlatﬂtg@ of
15 f r thll%né R) t%traf%r@et%l@ﬁeefs 3RInY a%utq l'OSto Jlb&ﬁ 18ho BFefgfably from

pre era , hore preferably g, Is
lgﬂuéf”ﬂér 8@L9utf7r%rﬁﬂg mage preferably %P%ﬂl@ﬁogbw ﬁ % 1
to abou m2 to nor e

Wi o 1 O BN 13 engon Bietier i e By Rt used

noinethp pedperagibh pf thelyuifsctints of thb euisci, inpaneiba ithedd bye formed drior
t Ot Jhe g@dlﬁ?l? BF{fgr gl%txc g%}d grodp ’Th%%?saﬁur%ﬁ 1St% ediates have the

epen ure
20 pr @tﬂmﬁabloﬁFermrlaeﬁA;&ﬂ @néﬂ@f erably 1; pr OVI ded t hat

the total nunber of carbon atons in group (vi) is from
about 8 to afeuP-99;2Y is a Iinear orFoimaneRed

di radi cal haﬁl rch%ggb %Efgcﬂzﬁl&lfoanlfmuthBf ormul a

Ry3-O-CO-Y-CO-O-R Formula 2C

wherein Ry is the group (1) Rf(CHzCFz)d-(CgHzg)-; (i) RfOCF>CF»-
25 (CgHpg)-; (iii) Rf OCFHCF0(CH2CH20)y-(CgH2g)-; (iv)
RfOCFHCF20(CywHaw)- ; (v) RIOCF(CF3)CONH-(CgHpg)-; or

(vi) R(CH)p[(CFCF2)i(CHyCHY)j Ik
cach Ry is independently CcF(2¢+1):
c is 2 to about 6, preferably from 2 to 4, more preferably 4;
30 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;
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;
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-CeH(2e-2)- wherein eis 2 or 3, preferably 2, Ris H
or a linear or branched al kyl group Q H(2b+l)S and b
W0 201b0ese2l t o about 18, preferably from6 to 1BCT/US2009/048194

Compounds of Fornul ae 2A, 2B, and 2C are prepared as

di scussed above for Fornulae IA 1B, and 1C except

t hat t hbeisltof ahoat ¢,quefstadly fremdntotdt ewre @efpahinds of

Formul a, 2A, 2B, and 2C are al so _nononers that can be

poI yer i 2 d & wneachrindapendimitytlu eond. Pha SHKEFC teisofrer s
REHEY 19912 md3Rdprert-fly 1epel l ency to the resulting
Fymers and to surfaces to which the resulti ng

poI yner groafded app thedtal Rigbardsfedrbon mpewnidsrafp Foristba about

2 2 ‘2Carethose wherein Ra is
SWA%H—M?% (CgH29) -; RFOCF2CF2 -(CgH2 )-; Rf-OCFHCF

20 (WI%M o}({)@}cHﬁe(gdl dica?ﬁ%\ﬁné&’: RGE 2ung%t ' BEWf 8)6'

SO pre erred are compoun
Fo 2A 2B and 2C wherein c is 3 or 4, or wherein
Yis CHCH CH2 C(=CH2 C(CI—B)CHZ,CHzCHCHZ,or
CH2CH=CHCH2 . Mbre pref (éd-zarre t hose conpounds

m@b%{]ngg?s % ﬁéﬁWM 3 )Rcé:ﬁ(ym;z f@?@gr lzregqiifog':ﬁﬁgfgm&i)
10 Rf OGH -%@Wo H2ftor9)1-to @B 8gpreferaldly fi®nil6 tagld.s 1,

|sC37or CAF and Y is CH=CH CH2 C(=CH2 ), or
C( CH3) =Chipounilsad Fprredles 24d2By andcifipo lpmjme@lfas }ariﬂcmsledt above

2B o) @gg

CFEO% e R% F@C%é% E@%ﬁ%@ﬁ%&% or rrul a

2 AComBols 0@ éoafn@la GéeQBL angs2 ¢ prcerl sppmprareys thet panchsa

paﬁ%lyﬁtﬂelhyeof %l&r érﬁﬁ}a&ﬁlﬁhﬂelfv&lﬂf‘gtﬁ& BohdAGS BNéchferl sBil and water
arti cul ar ose. 0 rnmul a

prff\PF@ TRy Yo Hisrrididng neﬂwwégém Sqr%%wp.@ﬁdf thearauiting

copplymssaraapicdod of altering the surface behavior of

a liquid, conprising adding to the liquid a conmpound
of For nﬂfeﬁﬁ“rdd/b,omplapnmmf Fo@nua2 AléB, aed 26 oy/thosd wherein Ry is

I;
FoR RGO Gon AR RERin 2 %.g?%g?“ ﬁféﬁﬁﬁl@& Ly
bl @ﬂi(ﬁ@zﬂﬁ)\t'(pgﬁzgid & RGOEH
20 ?gﬁrea%}icé%nd QS thRBRIbth Clp;gds Jheorsiil 4 @&te zmﬁﬁd ,@é t\ﬁﬁféﬂgb Zsfj B 4, or
|
¢ ehefgisY b S0 i i el PBerHeLHIC &
co(IH@@H%IH@H;:I NExaptHf@ﬁedwfre gosé a@ephgldawihercin R, is f
I t €es o
#ﬁbﬁ &nﬁg‘ﬁ g¢ glg%g‘) rzmn@ﬁzlgé\’/gf I'ng, d\NI ng
enLGHz@Hz%u -(Gthhit; jor Q&OSHHﬁFzﬁl(QMCb)ﬂéCgﬂzg)r oriﬂIs dsgis 1
25 T ERElS Ef1¥or ¢ GRS WYY CH=CH, CHyC(=CHy), or C(CH3)=CHy. Also
preferred are cornpounds of Formula 2B wherein R, is C4F9gCH>CF2CH>CH) or
C3F7CHpCF>CHpCH7 and Reis (CFp)gF.

The compounds of Formula 2A, 2B and 2C are useful as intermediates to
prepare partially fluorinated sulfonated surfactants, in particular those of Formula
30 1A, IB and 1C as previously defined.

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

35  to water, aqueous solutions, and aqueous emulsions. The surfactants of Formulae
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| ubricating, etching, and bondi ng. Exanples of such
applications where | ow surface tension is required

w0 pabieds2z0at i ng conmposi ti ons and agueous and PCT/US2009/048194
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15

20

25

30

35

non- aqueous cl eani ng products, each for glass, wood,
metal, brick, concrete, cenment, natural and synthetic
st bAelBtandd C typreahetaveer Siudanciang intedadigldesaonspap erovide low

t exlifida® IR .bﬁ‘éeﬁtraﬂi(inﬁo |E§H ARG F gtgjf’e{%re b@hzﬂ%ﬂ dFerati ign include

resins, natural and synth e c rubbers bers an

f aBRRTECMeEInAe Hf%’el’tlé’é of ettiag, %“W@@m?dlﬁg dejecding,

I eﬂ%iﬂgg eﬁﬁglfgﬂngsmagmbﬁ of @lspérsidas & liduidNkdpéliency, releasing,

% lnSh T@H}o I ve care. V\éttlng agent

apBﬂ FigaifNeo RS llnﬁcaf éma&gt i ng agent s for conpositions

ﬁont al ntnegmoev{g s%cﬁj %é?hcaH&gs v%herg ‘Tc%w \é\{?rgadce lfénlsio%rﬁ tequired
ornone dgr arasi til Cil des,

i npebide chder, cogfelomtlonsj@si a@a@usanldciowa}lem whpomggesducts,

m Qa{c‘ﬁ%loghge%o&j ehQhil BALIS cBAcrb@! ddnldnf q{aﬁrraltatﬂﬁ SAREMUEd Gone,

agents ntTmcrobials, fluorochen cal
sublst pinghesis flooang, |p@inetesapapshict ﬁ@terlahdhmlw agghpher

fi plastt@sresifbRlatiGaltdn@R$nthBti PRILEER AibeeadiR RbAELY @ﬁ(’épalnts

i ncl.ude sh 00S, condlg glners rems I‘IF %159 9 m%

pr BYYEEL: ¢ Pkl Qpishese ez g QP Zpetit fq Tigjors, furni ure;
pr sito(es,tmlm and agomoandcdrat Watting apicht appti catine inchejeel dtemd

CORYTRL Br BMARH Ry 150GRS AT SoR0A, 04RO BRI hormone

apgﬂqwébtdg@t%ors,rr@mﬁendeabmmt@aip@ goridisiss.dacistieldess

st ﬁ‘érﬁat@&ﬁ&sr %ﬁ&rﬁﬁi&%ﬁie@%f&fanéto@'féhlfl%i@\fﬁér%efu% agents
cloth arpets_ an ster

de@rérr@@m‘béa URENC ﬁrﬁkﬂaﬁela?qi mﬂf{%@r tfaglemqa%ené.ba@s (angyfiber
cagpindiaiass. aﬂlﬁbl}cﬁté@mtlﬁg&ﬁslbllﬁz‘al(éhﬁmm&wlﬁ&lud% Q{anﬁiobs }Nel I
treat nents I NCI Uudl n [l 1 N nmuas na. 1,U1 V 0 ,.

i nﬁ?“é’vtéonte%*r %‘ieg}e;fmé?ﬁ RS 10&5%%{?&% theesg{“r @Pr?? ?:?rtg%@&?uélc or
| uproiteséime steains bnd kéibns @ilcut twatgy ropdllehocdsmptiopewders,

pe@@c}d%%'tsﬁﬂld §eﬂg§1@o%éﬂrn&s§ or:ﬂagltﬂo”l%ﬁ hp%élf‘tah&‘ Qoo'tlﬁﬁte Further

phot ogr ap i ORS’
fi @mhcﬁtgorfson@gde faprie garc graugtidpHChAD SRl RICEsAtABS 8RR EAIN

ag@%o%ersafsf oo ity rasrpéﬂs fafd %Fﬁdlﬂ@ﬂz!) shangundiy a&l&%@m@ 90ther
agents tO or encaps at |

metiLigh %é%félqgiep%ﬁe&@%(f%wr wg é@%ﬁb uitorpticdisiy Sﬂgr8> for

S obllll WGﬂnmatrﬁdmdﬁdlﬂitgudmgrﬁﬂBinglrmnﬁ and aveitiopeto Smprove tertlary oil
n d re

pr o es SI %I'yil gelﬁlg R Cﬁssurg Iflﬁ%rlcantﬁ,ngl%rl%atlng SP{tlng RQQO 1mprove
el potetratiorc8mes vaitimgrifiles pantisg ks tﬂhletqgrme devdlonaznoiugons,

gﬁ?rlnﬁﬁglo'ng ?&rﬂfg%ﬁ% %jr]gétrﬂré’ Bg)g ltﬂ?@&xtfr%ﬂ grbgéﬁts aerosol-

gl ng agen sur aces an f
fi Y08, lr%lwal%glsa% t@t@k@meg agaht 9 fpop gk dorelidifyinges,

ph@tﬁﬁﬁﬁﬂﬁﬁlgﬁﬁ&ﬁééﬂ Svasfe' PRAYreslbiS Kfove Bh &S, éiédn‘t’l%ssolﬁtibkﬁb &tching
ositions, PVC, P/ ster fil. rpmlgr}glt hrg)lglg%ctgnx

fi %posgmﬂls cgevglgpi‘:ré ltshers, and resis S e 2,
processing, and handling of semiconductors and electronics. The surfactants of
the present invention can be incorporated into products that function as
antifogging agents for glass surfaces and photography films, and as antistatic
agents for magnetic tapes, phonograph records, floppy disks, disk drives, rubber
compositions, PVC, polyester film, and photography films, and as surface
treatments for optical elements (such as glass, plastic, or ceramics). Other

applications are in emulsifying agents, foaming agents, release agents, repellency
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treatnments for optical elenents (such as gl ass,
plastic, or ceramcs). O her applications are in

wepubo9de92 ng agents, foam ng agents, rel ease aBENUS009/048194
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30

repel | encyagents, flow nodifiers, film evaporation
inhibitors, wetting agents, penetrating agents, '
c| eganéy; Sowgnoditiensglilayevapsratioh edtibibyys.avdting agpetyt penetrating
COREAR! Efakdhl g%ﬁfﬂg%g 9'e‘i’<{%‘iﬂoﬁﬁtlﬁ? Sl B SRGH ﬁﬂhgnors

al , nlcro | r|nS|n
po$q %w%gaga@férfi@ersawwﬁ@ r@@m aggiHs.ipetning d %.g@ﬁtn@ aids,
an d)lh;'hﬁﬂgl@gﬁﬁ!ts &ﬁ?ﬁﬁgsagelﬂ@ neltiBgti @gEsMtss antelkdnd adehR] Bonding

chem Tﬁl ou ds of the present invention are
al %%’n ‘h?l gdfc trol agent s in poI yur et hane
foans, ‘?Re ?é’rn oun(aggp th ! ? I?t 1 Venttlco)%n}ae also ﬁs%?u% as %agn control
bat hroom ¢ Sers an s ant's, aerosol shaving

f oagests iamdlyiurcthanctipires, spragtamenyen skeahers, fommed kit¢hao taadt s
of bétﬁt%oﬁ{ aéﬁfg{;rs LAY ﬂﬁh{f@d?arﬁg %efb%&lfslﬁlmﬁg f@aﬁ'ﬁ’é shd Wi B ile

agents or meri zati on artlcu ar
e @ﬁﬁﬂ@ﬁlﬁ oThegyrfpgipnis OEEha @F?Sielzféﬁ‘éentlﬁg aFﬁ)‘FSéfUrl &b eylsifying

ag@g&& fbf)polsjhieh%lfdﬁsparﬁbtﬂﬁ@ﬁHﬂﬂ&dr@ﬁoﬁétﬂ@ﬂs| ds28leR stabilizers, as

I BeE Rl e denhtio et g Rt Enlon §b 15665%9&91%%1?188?“10168
c aarhbplgdnemtm Seclefludreswofistaatschrel hisp @scfuldior adpercritical carbon
BB el s d R TR (o And e G piltents in yoter,

h b
}Aanl g Rgﬁw%g&@t@ﬁo%ﬁ %E&fth&’r}i %@oeu‘%?rﬂa@ ‘fﬂ@fe&%lyﬁ%ﬂﬁé@@oom

coP9épisheight efifecosinound phRegnudse h%ﬂrﬁnoaécl ip th Igjuid g
1Ceﬂéo¢w@seﬁﬁiequéht@ Wed@rfi@hmte by Feimand AISEB, and 1C are useful in

conn U B fp%l‘ﬁm?ap H 'f&&ﬂébﬁib 3?”“’“ o
For rmul agﬁe pl%eF Ibveflqlorhﬁlrt%cr éorn r1 g rBPoungs 0%90 141 B 6

prefera

Pref orred tohoumie 1 HARRAAN E’Hir e”?rhisgﬁlgééf"nycz

| SwBef@m 4, 9 is 2, and v is 2 or 3. The conpounds of
Fornmula 5 are useful as internediates in making
parti al Rylsf¢(g1g§é+rﬁt ed sul fonated surfactants. In
particul ar 'a 5 conpounds are useful in making

sur f act ait Stoafbolrof, pudfarabhy, fréB 2a0d, dioraysrefeably dLisidy
defined. The present invention furt her conprises a
pr ocessviio? ta dbeupt.qpefcabiyofionf2 ta 3¢ owpopmtrafly Bor mul a 5

Preferred compounds of Formula 5 are those wherein cis 3 or 4, g is 2,
and v is 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

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,
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Rf OCFHCF 2 (CH2CH20)v -H Fornmula 5 wherein Rf is CcF
2 ctn; cis 2 to about 6; and v is 2 to about

wal2aommoesi ng contacting a conmpound of For nul aPGI/US2009/048194
Rf - O- CF=CF2 Fornula 6 wherein Rf is CcF 2 ¢ +i), and
cis 2 to about 6, with a conpound of Fornula 7
HOqrap2pH2@medbnEa renmipautd efferrsiul & is 2 to about 4.
In the process of the present i nvention the conpound
of Fornula 5 is prepaPedHf Zhe r daEeulsrd of a
erf | uorohydr ocar bonvi nyI er wth a diol in the
Br@ggﬁg’eRﬁlfSC&E(@ﬂhlaP ﬁé%%lto Bund. Preferred ethers

i ncl. de t hose o for J(a Rf - O- CF=CF2 wherein Rf is a
pe?zvil ﬁ&PB’é’PR’QI‘i 0 six car bons Preferred diol s

s 1 nclude diethyl epe %n%ehg?}'h di ol Ised at about 1

to about 15 nols pe er, pre erably from

ab%{ereﬁln%%a%at%%uﬁ nol s per nol of ether. Suitable

al ka conpounds include an al kali netal, alkali

earth ngf@k, r&lel@dﬂth@ 1@5&1’6 ﬁtg)%ntl@ﬂ '&h@lcbmbbfﬂ{d ﬁeﬁorﬁﬁlaaﬁls

al kal i amde Preferre met al s. suc Na,
K Biepgssd Sy thy lreartronmf&rn%@sorgl“&r@ﬁocegb%m%?thrémlﬂrﬁ gdioln

r eﬁf_etpr@;@meSofCa@mMﬁrﬁdaladon@ohﬁdprfeﬁrwd%tMrs foctude alsy of
| en e e, to. I era
10 & o Bl EORGF At FnSiTer s AReraa Rl r8he R BBhs.
C_()Hﬂ:_fﬁfﬂ‘te@idﬁd)lﬂ imrudeptictbylahe glytaledihe dsalchusrd acatvert 1do about
ni{§ h{o?s %J%‘ul BEQ &S %référgb‘l?e}idfh ﬁwﬁ R"& Qﬁ‘&ﬁ 53h&RQ E&l xﬁopéf

For use erivatives

suftheic tanteble alipdi @Qﬂﬁlf coEnannds igeludpan pikak aetal; elkalhedrdn
of mFﬁar ki H mxh&’e aBaf hy&ridd, Br H@E]]Y(aﬁ asefo. Pro@ked erd ess

5 Chh i Sl Rice B TR BSBRISLLSR CeD e
?{If eabidsis thidceadtaeta rtaﬁlbamnmectﬂﬁdre abouTa bt t?m@raﬁggtth e
en I S
SRS Bt s P W ereosy, Wi
b@e@dgcf)ed in g qgthaﬁmtv@tiguﬂ( @/@thﬁwr)ntrlleo rTl(e\p)rocess 1s
g}e(gg@?ﬁéo(ﬁ%lﬂ?of@)omﬁﬁtsr RhikH QflesE? ¥d Rk die?l Rbes
er VVI S Se

In the preparation e corrpoun s of
20 Foﬁl’f?ﬁ}laésllr/ﬁacmr@ or 1C or of Formula 2A, 2B or 2C. For

; rﬁ o? Iu Liﬁg é,rellr atgs ngs];%fgﬁe plgge%% ?nrlftentllonnvoe olrglrlllla 1SA m?B nd t1 E‘eln
many cases, require less tetrafluoroethylene in their preparation when compared
to conventional fluorosurfactants made from Telomer B alcohols. While
tetrafluoroethylene may be used in the R¢ portion of the R, -OH alcohol

25  precursors when Ry is (ii) RfOCF2CF2-(CgH2g)-; (ii1)
RfOCFHCF20(CH2CH0)y~(CgHpg)-; (iv) REOCFHCFO(CyHow)-; or (v)
RfOCF(CF3)CONH-(CgH2g); tetrafluoroethylene is not otherwise used in the
preparation of the compounds of Formula 1A, 1B or 1C or of Formula 2A, 2B or
2C. For the surfactants of the present invention, some of the fluorine is replaced

30 with other atoms or monomers, compared to the typical perfluoroalkyl groups of 1
to 20 carbons in surfactants made from traditional Telomer B alcohols. So less
tetrafluoroethylene is used in the preparation of compounds of Formula 1A, 1B

and 1C or of Formula 2A, 2B and 2C containing the Ry (i) and (vi) groups.

The monomer moieties replacing tetrafluoroethylene in most cases also

35  contain a lower proportion of fluorine. Consequently, in many cases the
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with other atons or nononers, conpared to the typical
perfl uoroal kyl groups of 1 to 20 carbons in

waerthaeteant s made fromtraditi onal Tel omer B abCOhs1089/048194
So less tetrafluoroethylene is used in the preparation
of conpounds of Forrmula IA 1B and 1C or of Fornul a
2 AsurfBtaatsch 2B prosanaimvienigort dre nRare (ludrimmnefTicign) thgr oapyg.

TheoVRAGSTRY sFRicBinte By &Rk %ﬁi&&k%’é‘fs‘ rH@Jn@ﬁIe}t%hﬁ??o b a

nost cases also contdin a | ower proportion o

f | WRHWE! arepHy OF flaprochemical taghipin g desired sudiperchicetrit s

of sirhRtat foPBitics, MRRtapphc PlosubRfates! bikerobhen Bétidr p@dimance
t han conve nal surfactants. By "fluorine

; Ry R e el
ef P{'8 BN s nBant®t™e ability to use a mini mum
amount of fl uoro%;fg ﬁ?ALg I\?BﬁS‘TI@IEq‘?I% §d surface
ef fect or surfact—a*mﬁm—ope%-r—es,—wlm—&pp?'red to
substra : i [
sams | ovd AR e ARk A R TR T AR IR
f oh¢Téili ng materials and test methods were used in the
Exanpl es _herein. Al comon organi c and i norganic
conpountd GREFROTLHEAIAARC FIOBFANS (RRORNdT Vels oPfisAiNB e
10 W BigaiadA ldsied (Milwaakéc WAy rfd wall mathoutihesRafitic | Tise included
ma| ei,?c anhﬁdri de,. sadi um

hyd [fit t ol .
et ARG, SRR HERE ik b et G fonic
ci aqidatuwowic anmydirdie datra¢omanarhgti dea vons-gluaiodic acid, trans-beta-
0 - ' . . g
oA ALY HiG UM Gk cofBu A R N i O Bramples
octyl / dgpgyiseq! gl%:u&&ﬁ'/d%@e}}léo AlcbSBE & £a0MBle from Kreglinger
Kregl i nger Eur ol%%&@}twer p,” Bel'gium TRITON Xl OO

15 1 2 EHEOpe- e poly ethyl al cohol is available

from Si - jch, Saint Louis, ) .DB: .
| but ox T QMU a B IER o3 Y Pl Hopibingaiable from
Ch8igneal | ddohp®aigt, LoiiMOd, M. SOLKANE 365 MFC i s

1,1,1, 3, 3-pentafl uorobutane is avail able from Sol vay
Fl uor i dBOWANSoDE: el -Nitox TR ectlicaiykhanay afvhilabid framddpw

Chgﬁéﬁﬁhﬁc%ﬁa vajihgRyeviromE | . du Pont de Nenpurs
and Conpany, 'm ngt on DE:

20 Eer ]‘: : UOSO%K;AQ?E BM% h%@i@{a}bﬁ)f?%ﬁéntifﬁ%ﬁlﬂﬁme is available from
e uo u odil_.ae; I nyl1 dene uori de;
Pe ?IIVE%FE‘SFIG%?IT%%TG &Pher ~and Perfluoroethyl et hyl
Ip?gLgfégﬁggol{oﬁfgéiﬁﬂ?%%e@luc ’ I ri‘%ﬁseaqe %\rr]aﬁ@bfeaf{rosm\ﬁgi.edu Pont de
Nemours and Company, Wilmington DE: Perfluoro-2-methyl-3-oxahexanoyl
fluoride; Perfluorobutyl iodide; Vinylidene fluoride; Perfluoropropylvinyl ether;

25  and Perfluoroecthylethyl iodide.
The following fluorinated chemicals were prepared as indicated below:

C4F9CHpCFolI and C4F9(CHyCFp)2l were prepared by reacting
perfluorobutyl iodide and vinylidene fluoride as described by Balague, et al,
“Synthesis of Fluorinated Telomers, Part 1, Telomerization of Vinylidene

30 Fluoride with Perfluoroalkyl Iodides”, J. Fluorine Chem. (1995), 70(2), 215-23.

The specific telomer iodides are isolated by fractional distillation.

C3F70CF7CF2l 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.
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CAFOCH2CF2I and CAF9( CH2CF2) 21 were prepared by

reacting perfluorobutyl iodide and vinylidene fluoride
w@sgoidesxwei bed by Bal ague, et al, "Synthesis of PCT/US2009/048194

Fl uorinated Tel oners, Part 1, Tel omeri zation of

Vi nylidene Fluoride with Per f | uor oal kyl I odides", J
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(“good” or “fair” rating depending on the extent of the partial spreading) the
barrier between air and flammable liquid is incomplete. If the surfactant solution
sinks into the flammable liquid (“poor” rating), no barrier between air and

30 flammable liquid is established.

A surfactant solution was prepared by combining fluorosurfactant (0.9 g/L
of active ingredient), hydrocarbon surfactant (either SIMULSOL SL8 or TRITON
X100; 2.4 g/L of active ingredient), butyl carbitol (DOWANOL DB; 4.2 g/L of
active ingredient), and mixed thoroughly. A Petri dish (11.5 cm diameter) was

35  filled about half-way with 75 mL of cyclohexane. After the surface of the

cyclohexane had completely calmed (about 1 minute), 100 microliters of the
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A mixture of maleic anhydride (0.60 g, 6.1 mmol),
C3F70CF(CF3)CONHCHCHpOH (4.5 g, 12 mmol, prepared as described
above), p-toluenesulfonic acid monohydrate (0.12 g) and toluene (50 mL) was
stirred continuously and heated to reflux under nitrogen. The temperature was
maintained at 111°C for 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
was separated and extracted with two washings of 5% sodium bicarbonate

solution. The combined organic extracts were dried over anhydrous magnesium
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renoved by filtration and the filtrate was washed wth
hydrochloric acid (0.5N, 30 nL), water (2 tinmes 30
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di BEkarhpled to provi de CAFOCH2 CF2CH2CH2OH bp 54-57 0C
at 2 nmmHg (267 Pa). The esterif cation procedure of
Exarrpl eEthyWas (s gdwaewintradheced to an autoclave charged with

9%@&%75&;@ QT& é{hrgbe& {HHARGRGEYS 2 TBIARhErchdtor Bealed at
24 °C for 12 hours. The product was isolated by vacuum distillation to provide
C4F9(CH>CFp)2CH2CH)I. A mixture of C4F9(CH7CF2)2CH>CH)I (10 g, 0.02
mol) and N-methylformamide (8.9 mL, 0.15 mol) was heated to 150 °C for 26
hours. The mixture was cooled to 100 °C, followed by the addition of water to
separate the crude ester. Ethyl alcohol (3 mL) and p-toluene sulfonic acid (0.09 g)
were added and the mixture stirred at 70 °C for 0.25 hours. Ethyl formate and
ethyl alcohol were removed by distillation to give a crude product. The crude
product was dissolved in 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).
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by the reaction of maleic anhydride (1.07 g, 11 mol).
CAF9CH2 CF2CH2CH2OH (7.13 g, 22 mmol, prepared as
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g, sﬂﬁ&élwﬂﬁk,)and@ﬂne in turn, then dried over magnesium sulfate. The product
was then distilled to give 199 g of C3F70CF,CF2CH2CH,OH in 85 % yield.
The boiling point was 71~73 °C at 40 mm Hg (5333 Pa).

A procedure as Example 1 was conducted. Maleic anhydride (0.66 g, 6.8
mmol), C3F70CF>CFpCHpCH>O0H (4.46 g, 14 mmol, prepared as desvribed
above), p-toluenesulfonic acid monohydrate (0.13 g, 0.68 mmol) and toluene
(50mL) were mixed together and refluxed for 50 h at 112°C. The pale yellow
crude product (4.12 g, 82.4%, >99% purity) was analyzed by 1H NMR and
LC/MS to confirm the structure as C3F70CF>CF»-
CHpCH7OC(0O)CH=CHC(O)OCH2CH2NHC(O)CF(CF3)OC3F7

Example 5

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
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i ntroduced. The vessel was heated for 24 hour at 110

OC. The autocl ave was cooled to 0 OC and opened after
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The product was distilled giving 80 g of C3F7OCF2

CF2CH2CH2 | in 80%vyield. The boiling point was 56~60C

at ariydrams kgrah3did fikPaf AldachiSutel$eal ). CORHOEO2F 2 CH3 nE@Hp) was

gd}f%g sfble W net19 Et‘ﬁﬁ’l‘ri}% %‘ﬂu%e @8 [éthE gf ﬁg&ﬁgén @V(‘)‘fhnon

formam

hyl
26The capmed Dot Waéé%l’flPY.ﬁﬁi ﬁv@g l%f‘dBV@% 136 ﬁl@@omonmsmmaﬂed
bytdt &mmulrhétmhgﬁerweaﬁ altrSERAT RIS RBaL THe skieffube was

Et h | cohol 7 L d ne sul f oni c,acid
5 ool Rl fuelas TR daanaCnEmas Shuce Aad
r epmrﬂuonmmmlxamyl rethed (RRVE,0H0E Of IghS nde nwadddeed fibheametal
t
o Gingt£F TR AR08 186 Wby £000m WSEEALApLt P uR o aken
i nfOét2ﬁéﬂr Thﬁagftrél@nmlmr%nwa%mblwgwuhwamph¢attfereamnemm ina

_? E%pﬁ{a(‘t)é&ﬁ%dt RLEHERSr th0ee MHATchR®irRYSEacHBA RERtuHTwWi hddeA-to 600
e

e e 6 ot v
V\Ia§epﬁﬂa-t&§ f@[ﬁ&@ﬁt Tl%getﬁﬂ*l eglgraf\‘;g l&&ﬁe Bagd ovgr D"Ijgﬂiﬁdﬂﬂaedﬁand
S conducte e roae y1
iR tteled BB Raton fis iy Nip s FEIN 3 g 1 3P e
asindeRyvoDbed ablyss)by ga? ehmhu&rmaplnlyﬂmth shomeid@ small amount of
ISR e TR MR
15 pafxragted) wifh w@a@ @ﬂ@fbm&) i atsqmragorysczn@% Thogbeplayirewas
Vagridneey 2esk ﬁﬂtﬁeﬁ‘"\ﬁd%ﬁcéﬂga{@ ik Qa&lérgd d m&% %Vaporator at

st lgﬁlt ure as Fé%?gg %) Eﬁi@% (&? o PE @Ldogg‘ S)

50§hom,s Whebe%bdﬁstrb@nms POV gRidctil 17T (dioatl ByOHNES.@8-§dal(m,

angt 5t EOSEERIGR. S R PR it gy P TE ©
20 SUPEIBELOCHLLFLNED! 6396 0dqibl@oL BB letol’)s was Helled = 3 Hz
S| B HED RARRLT foRY 5 BB E nddifrCOIPS RlokOM Of

evol ut1on. The capped bottle was re rom

t h'@%&%bﬂ‘éﬁ@% Wersod B on was transferred to a 400
”LCEIE;WHMI%KRIHMQQG}QCQ{ZOGPEQW@@FN ek @hevighrgfor the bis

ﬁp?@ ag%rxct gr%pn‘@ﬁ orlgglfprl%lgﬁﬁgg{ilm ernal tenperature

25 perfl uoAapixapy bY maldic athydrid{ @R, 641 iangpl)). 145 nol e)

mﬁé@\i@@ﬁF&&é%Qgﬁ& %Cﬁ;{bﬁner a gel 2rpaéltop ?eg;h%ezi as aPove p-
20tohuenTHidfonisaasid manehysraie éO Was, (b@hﬁmwéham tohueae (5 OmL) were
duplt&RloBtif ®RsEy B8Peth&inldhefted to reflux at 114°C for a period of 25 h.

The reaction was confirmed to be completed through LC/MS and the removal of

30  water. The work-up as in Example 1 was carried out to produce a pale yellow
liquid (4.48 g, 90.0% yield, 87% purity. |H NMR and LC/MS were used to
confirm the complete conversion to the diester and the structure as
C3F70CFHCF20CH2CH2-OCH2CH7OC(O)CH=CHC(O)OCH>CH20-
CH>CHOCF2CFHOC3F7.

35  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
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separate 400 nL shaker tube. The conbi ned reaction
m xtures were added to 600 nL of water, and this
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CstCHzCHz[(C 2C 2)(CH2CH2)]k-OC(O)CH C(O)OH The half acid/ester
(4.75 £, 9.7 1’111’1101), CstCHzCHz[(CFQCFQ)(CHQCHQ)]k-OH (380 £, 9.7 1’111’1101),
and p-toluenesulfonic acid monohydrate (0.12 g, 0.97 mmol) were heated to
reflux in toluene (50 mL) at 114°C for 19 h. The product was isolated using
extraction with CH3CN (3 x 100 mL), concentration, extraction with
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=CHC(O)O[(CH,CH,)-(CF,CF,)]k-
CH,CH,C,Fs wherein k is a mixture of 2 and 3.
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confirmthe structure as S
C4F9CHpCF>CHyCHpI. Fuming sulfuric acid (70 mL) was added slowly to 50 g
of C4F9CHpCF>CH»>CH7I 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

30 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>,CH>CHpOH
bp 54-57 °C at 2 mmHg (267 Pa).

Itaconic anhydride (0.75 g, 6.7 mmol), C4F9gCHpCF>,CH>CHpOH (4.37
g, 13 mmol, prepared as descibed above), p-toluenesulfonic acid monohydrate
35 (0.13 g, 0.67 mmol) and toluene (50 mL) were refluxed for a period of 19 h at a
temperature of 113°C. The resulting pale yellow liquid (4.53 g, 90.6% yield, 72%
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25 C(CH3)=CH2C(O)OCHCH2NHC(O)CF(CF3)0OC3F7.

Example 10

Ethylene (25 g) was introduced to an autoclave charged with
C4F9CHpCF2I (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

30  C4F9CHpCF>CHpCHpI. Fuming sulfuric acid (70mL) was added slowly to 50 g
of C4F9CHpCF>CH»CH7l 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
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

35  C4F9CHpCFCHpCH2OH: bp 54-57 °C at 2 mmHg (267 Pa).
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Wt % aqueous sodi um acetate and distilled to provide
CAF9CH2CF2CH2 CH2CH bp 54-57 0C at 2 mmHg (267 Pa).
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53 OC(O - C(CH3)=CH2
Q@‘ZN OFCF(CF 3) OC3F7 . Exanple 10
C4F9CH2CF2CH2CH20C(O)CH CHCH2C(O)OCHCH>CFpCHpCyF9.

Example 12

Ethylene (56 g) was introduced to an autoclave charged with
C4F9o(CHyCFp)2I (714 g) and d-(+)-limonene (3.2 g), and the reactor heated at
240 °C for 12 hours. The product was isolated by vacuum distillation to provide
C4F9(CH>CFp)2CH2CH)I. A mixture of C4F9(CH7CF2)2CH>CH)I (10 g, 0.02
mol) and N-methylformamide (8.9 mL, 0.15 mol) was heated to 150 °C for 26
hours. The mixture was cooled to 100 °C, followed by the addition of water to
separate the crude ester. Ethyl alcohol (3 mL) and p-toluene sulfonic acid (0.09
g) were added and the mixture stirred at 70 °C for 0.25 hours. Ethyl formate and

ethyl alcohol were removed by distillation to give a crude product. The crude
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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).

A melt reaction was undertaken by reacting maleic anhydride (2.00 g, 20
mmol) with C4F9CH>CF2CH2CH>OH (6.69 g, 20 mmol, prepared as described
above). The reaction was sustained at 70°C for a period of 34 h, during which
aliquots were taken for GC analysis. The white solid half acid/ester (8.02 g,
92.3% yield, >98% purity) was analyzed by IH NMR and LC/MS to confirm the
structure as C4F9gCHCFCH>CH,OC(O)CH=CHC(O)OH.

Example 14
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purity) was dried in a vacuum oven and anal yzed by H

NMR and LC/ M5 to confirmthe structure as C4 F9 CH2
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. Exanple 12 Ethylene (56 g) was introduced to an

aut ocl ave charged with C4 F9 (CH2 CF2 )2 | (714 g) and

d- (+) - | Thomelvete; Brepargyl as derdribérbinrlsaotpds 1 hdéa 68, AT mzad), p-

Oqot&ae&afoawcm mgﬂ&yg!feﬁg&ﬂo yasy hﬁﬁélgﬁlﬁﬂhc'_él M@&Hﬂtm g0,

di st ation to pro
rr: i? Imn@ b’lrve@cmlpsgd (@‘Qﬁlecﬂzng z@hzeimnq (SQmL)g Thy, rezmrfé |W)as
an@hrgééimf%hhﬁ%@%mg@tﬂa 4n8-hatlll to RfILR affPl4rCVRE 1¢1ﬁatrﬁ@I wlogk-up
or ou X S CO o
S 1 oPrg e By PeaTa vheeghe Rﬁfitoepm bl (0 £%0.3%
cr vk, @8Yeeuritys tiyt wad saihoked 03 LN VERahbE € OUS emeonfirm the

St PR S €4B ool b Ol b BRI ORGCLBIET,

etﬁyém%gq@hol were renoved by distil I ation to give a

crude product. The crudeproduct was dissolved in
et her, wAshRta fntépa&d%@ Bascﬂ@écgﬁtE@%@@yﬁ (894igund mmol), p-

| f t t
ﬁgt_%%glg SHoBiq 2eid B @On ke (G0 it @PHW%%J {?algl %ﬁ&ﬂm%
CARI LR 0RRmp | G bR té@etﬁerguongsm% yilend) 50 gm) 8%2 Bontents
0C at 2 ut acon aci . .
5. 4o iiB Rl pER s SRR HRE B U Bt By s i
12Eample 1 pFhematextlny lipsd fﬁ Y)?egt Roee)jcld, 90% purity) was was
%ﬂa@}%ﬁ 3?3tﬁ Gem Qn(?ECﬂ\/Ig%‘ COMARAhE f((rglaﬁoﬁ g tHe nq’iged diester

tol uene (501L) were stirred conti nuousl
15 t ot the ptragidrerié at ed to refI ux at 111C for a peri od of

16ChFodRSCP5 OB ERS OO ) MRACHT 600K, EGHIMEFARH. t he
renoval of water azeotropically. The orange/yell ow
soEkemmpiad 6fi | tered and washed with 5% sodi um

bi carbonate solution (501). The filtrate was

separ at €be ambtatchprepamgdns dedcapet iniasmpds hdd.oRig, B.25%mol) and

SR D AEIBENRAC F8) W DO 3 LIGD M v
20 wefligsadygde by d P naipwigslr Hdscovy sotugtdsufite (947 e hé rxmgl) was
t h@l‘@scﬁ@é&ﬁ%foﬁz‘%g v&(ajcél' Q8 Sw’ad@g@mp\;ﬁg t@ﬂﬁﬁ%r@@h bRohol

el pai e Aransitiope i (W Lba 208 WS itoreiud pleppol

t hmcstvﬁtuf:tvtj]re&eﬂﬁv@b eﬁtﬁz §poZat{dXo Tbwe b2 diiy in a vacuum
@é n%]l%w genqa% a visCous yellow%lq%{_ciz(lq:oz 2, 97'% /%wl:dg 75%
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analyses to confirm the structure as
C3F70CF(CF3)C(O)NHCH>CH>OC(O)CH2CH(SO3Na)C(0)0O-
CHCH,NHC(O)CF(CF3)OC3F7.

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

Example 17
The maleate, prepared as described in Example 2, (7.74 g, 11 mmol) and

isopropyl alcohol (31 g) were stirred continuously together. The temperature was
raised to 61°C and then a solution of sodium bisulfite (1.09 g, 11 mmol),

35  dissolved in deionized water (53 mL), was added dropwise. The mixture was
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25  collected by rotary evaporating the isopropyl alcohol/water solution and then the

product was dried in a vacuum oven. The product was analyzed by 1H NMR and
LC/MS to confirm conversion to the diester sulfonate and the structure as
C3F70CF,CF>,CHCHOC(O)CHpCH(SO3Na)C(0)O-
CHCH,CFpCF20OC3F7. The product was evaluated for CMC and surface

30 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 20

The maleate, prepared as described in Example 5, (1.49 g, 1.8 mmol),
isopropyl alcohol (31 g) and aqueous sodium bisulfite (0.29 g, 2.8 mmol)
35  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%
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Exanpl e 16 The nal eate, prepared as described in
Exanple 1, (2.62 g, 3.2 mmol) and isopropyl al cohol
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by Test Method 2, with results shown in Tabl e
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25 (3.73 g, 92.1% yield, 75% purity), which was placed in a vacuum oven overnight
analyzed by 1H NMR and LC/MS to confirm the structure as
C3F70CF(CF3)C(O)NHCH>CH>OC(0)C3H5(SO3Na)C(0)O-
CHCH>NHC(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,

30 and spreading on cyclohexane by Test Method 2, with results shown in Table 3.

Example 23

The itaconate, prepared as described in Example 8, (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

35  solid (precipitate) was filtered off and washed with deionized water (50 mL) to
remove unreacted NaHSO3. The white dry solid (2.11 g, 91.5% yield, >95%
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by concentrating the isopropyl alcohol/water sol ution
and then dried in a vacuum oven overni ght. The product
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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
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 IH NMR and LC/MS to confirm the formation of the diester
sulfonate and the structure as C4F9CH>CFpCH>CH>OC(O)C3H5(SO3Na)-
C(O)OCHpCH2CF7CHpCygFg. The product was evaluated for CMC and surface
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25 TaBkample 28

The maleate, prepared as described in Example 13, (4.20 g, 9.4 mmol) and
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

30 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
analyzed by 1H NMR and LC/MS to confirm the structure as
C4F9CHpCF>2CHyCHOC(O)CHpCH(SO3Na)C(O)OH. The product was
evaluated for CMC and surface tension beyond the CMC by Test Method 1; the

35  results are shown in Table 2.
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Exanpl e 24 The citraconate, prepared as described in
Exanple 9, (2.96 g, 3.5 nmmol ), and isopropyl al cohol
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to reflux. A solution of aqueous sodiumbisulfite
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CMC and surfacetensi on beyond the CMC by Test Met hod

1, Coinphraties Bkamplsilown in Tabl e 2, and

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%
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.

Di(1H,1H,2H,2H-perfluorooctyl) maleate (4.70 g, 5.8 mmol, prepared as
described above) was added to isopropyl alcohol (isopropyl alcohol, 31 g) and
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spreadi ng on cycl ohexane by Test Method 2, with
results shown in Table 3. Exanple 26 The
W0 ean®exbut aconat e, prepared as descri bed in BEXERPEm®09/048194
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LC(HPE) ﬁlﬁi 4630f) lahdrttehodilck Wat dFi€d @sa vacuum oven for 3 hours. The
product was analyzed through IH NMR and LC/MS, which indicated the
25  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

monoester, that was produced previously, was re-dissolved in tetrahydrofuran

(15mL) and added dropwise to the solution. The work-up method was carried out

30 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.

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
35  heated to 50°C for 10 min. A solution of aqueous sodium bisulfite (1.53 g, 15
mmol) 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%
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product was eval uated for CMC and surface tension
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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
30  C4F9CHpCF2I (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
C4F9CHpCF>CHyCHpI. Fuming sulfuric acid (70mL) was added slowly to 50 g
of C4F9CHpCF>CH»CH7l 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
35  heated at 95 °C for 0.5 hours. The bottom layer was separated, washed with 10
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yield. The boiling point was 56~60°C at 25 mm Hg (3.3 kPa).

A mixture of C3F70CF>CF2CHpCH)3I (300 g, 0.68 mol, prepared as
described above) and N-methyl-formamide (300 mL), was heated to 150 °C for 26
30 h. Then the reaction was cooled to 100 °C, followed by the addition of water to
separate the crude ester. Ethyl alcohol (77 mL) and p-toluene sulfonic acid (2.59
g) were added to the crude ester, and the reaction was stirred at 70 °C for 15
minutes. Then ethyl formate and ethyl alcohol were distilled out to give a crude
product. The crude product was dissolved in ether, washed with aqueous sodium

35  sulfite, water, and brine in turn, then dried over magnesium sulfate. The product
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the contents were heated to reflux at 82C for 22 h.
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CH2CF2CH2CAF9 . The product was eval uated for CMC and
surface tension beyond the CMC by Test Method 1; the
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which was a higher fluorine level than the Examples of the invention. The

H4H=Ss 1O O P =S~MoONZ—0 10O 0O 0K

Examples of the invention had CMC values similar to Comparative Examples A
and B despite the lower level of fluorine. Thus the Examples of the invention had
a higher level of fluorine efficiency in providing comparable performance with
less fluorine present. Beyond the CMC all of the examples demonstrated

comparable surface tension.

Table 3 - Spreading on Cyclohexane
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Table 3 shows that the surfactants of the present invention, when
combined with hydrocarbon surfactant SIMULSOL SL& or TRITON X100 in an

aqueous formulation, spread more quickly and more completely across

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 low Surface Tension

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

fighting foam.
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1. A conpound conprising Formula 5 Rf OCFHCF
20 CH2CH20O) V-H Formula 5 wherein Rf is CcF(2c+ i); c

WO 2018/002320bout 6; and v is 2 to about 4. 2. TheCT/US2009/048194
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conmpound of claim1l wherein c is 3 or 4. 3. The
compound of claim1l wherein v is 2 or 3. 4. A process
for the preparation of a cdipbiMy of Fornula 5 Rf
OCFHCF2Q( CH2CH20O) V- H Formul a 5 wherein Rf is CcF(2c+
i ) What jscclamed igsbout 6; and v is 2 to about 4,
conprising contacting a conpound of Fornmula 6
Rf - O CFECF2 POORNOHNE CiRRi ek FemylaSceF 2 c+n, and ¢
is 2 to.a i C und_of Formula 7
W(W@W@W&@mer efPled 2 to about 4.
5. Ehreehprocess of claim4 wherein cis 3 or 4. 6. The
Ces¥ of claim5 wherein v is 2. 7. The process of

claim4 in the nol ratio of RF-O-CF=CF2 to
I—IO(CHz%EI/%g;“?-(EFﬂQ’ri ng the contacting is about 1 to
15. 8. IThe Ry #6656 29k vak ailggbupher ei n the contacting
is conducted in the presence of an al kali netal,

al kal i eart hTpet@hpodldkdlciailivdrgertide,is 3lokal i hydri de,
or alkali am de. 9. The process of claim8 wherein the
al kal i et al Thscdvapourd ofiiclaGa, 1 wingeihReisaldeadl i hydri de
is NaH or KH.

4. A process for the preparation of a compound of Formula 5

Ry OCFHCF,O(CH2CH20)y-H Formula 5
wherein
Reis CeF2c+1);
c is 2 to about 6; and v is 2 to about 4,
comprising contacting a compound of Formula 6
Rf-O-CF=CFj Formula 6
wherein Reis CcF(2¢+1), and ¢ is 2 to about 6, with a compound of Formula 7
HO-(CHCH20)y-H Formula 7
wherein v is 2 to about 4.
5. The process of claim 4 wherein ¢ is 3 or 4.
6. The process of claim 5 wherein v is 2.

7. The process of claim 4 wherein the mol ratio of R-O-CF=CF7 to
HO-(CHCH20)y-H during the contacting is about 1 to 15.

8. The process of claim 4 wherein the contacting is conducted in the
presence of an alkali metal, alkali earth metal, alkali hydroxide, alkali hydride, or

alkali amide.

9. The process of claim 8 wherein the alkali metal is Na, K, or Cs,
and the alkali hydride is NaH or KH.
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