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woroileeper f | uor oal kyl et hanol s,

FLUCRI NATED ESTERS BACKGROUND OF THE | NVENTI ON
Hi storically, many fluoroal kyl surfactants were based

the so-called "Tel onmer B al cohol s", where q was
typically about 2 to 10. The Tel oner B al cohol s and
their preparation are described by Kirchner et al. in
US Patent 5,202,506, Other fl uoroal surfactants
based on Tel oner B &Wé Eg{%ded
"twn-tail ed" Unta
CF2) q( CH2CH) O 202 CF2 CF2) gF,
ared

\rl\gzgt Ifﬁsgtoglca?@h%ﬁaré% ﬁe?roaﬁgy StirfeldfafiR g were pR%dhfRE Y

pelrffulowﬁlgéfbtka}doa ﬁéﬂﬁ@@g&q@HzﬁﬂeO@f tinadoe¢atled filgldmied B
%f& h01§’e %Wag g)%‘féa'll?gtb&lﬁel & gt %e Q'ER)%QB éﬂ’b&ﬁ) s and

I umh e_sol ution, escrib

el mﬁnaéatlwrvégwlh@d By Kachngrret alsin Lok HFRLS: %&ﬂoﬁg Other

PRbMal kY0 E@ ] ckivks KRad Hi$ Telbmer By INBRERVEO IncAMe@ivein-tailed”
sur f act having two pol yfl uoroal kyl chai ns
]?Fgc an

PO %59 Bor omet hyl group at each tail and
F@FICFQ)QW(HHQ)@C@@HQ@H@@BNm)(mmHZCfﬁ@)( Gihepeyfed

(i a? d! ?@%%o@%é&% Yl@o[llgs%ﬁfsgsl ?&r Qﬁ% ct rn%ielﬁ%% loﬂg or more
melﬁblpt%yécéhm@glth\hm ef mablwmby@lde@ndamondlﬁmeam@ they

AHREE ?fddbbﬁ@ﬂth G RA My GloRXi QﬁﬁteYsgﬁmoﬁoase&eséﬂbedr ﬁ)’?‘ﬁ{sgance
tvv|n sur f actants wher ei_n_bot grou

Oy njasBiohalydp f M&C&aﬁ%@f}vng%mm%uorﬂab&h C?lé’tnsaiﬂp Smﬂlgges of
RadogittsuApehihts abvian t\Q@@&/yﬂQ&35 | cih@sanélagink withfli@ohethyl

Sy DS & P! %ﬁé?%dﬁis&m%“&&lfézﬁ st
mmwtayoanmtw:m watn’, dolmeal dfditahyring G;twdné(rxa(rl@%)w E0Qants7-
d*(gsfhﬁ{ J’Etdl dtle ﬁ%ah{p@glvﬂﬂ%&ﬁ > M érﬁi Aor 3 in
l'i ne e netal, or
ammtwd 04120@ dl@XIaiﬁ a¥ pspinogt gly pfepwt twmstaléwl jupfeeigets of
WheRid Both2nd fgf‘bdps aRdifte Plo§cBRfRodlkAlerdupsOne common
route to pertluoroal kyl et hanols used to rrake such

s ur f a®laghit @ al. SindJSTPAtEAt SRR afisrODEBI09S 5 describe twin-tailed

e BRSPS R kﬁﬁ&ﬁ%ﬂﬁéﬁm'ﬁ)&%a
%% él@?g Hl%%rgélktl S%rngpS {ha{a}% $ 0619[ pin t I a l%‘ta' bBJICP 1' %tfﬂ are

sur ess or or oet

thvedamepmr eigféfrramtu dovalent thnkmgalrwsciMsls thishelkeb rmt@ivhfdéarn ew
andihdelraviasaf, by %hﬂ)ﬁhﬁﬂj lﬁbfs faGlidn byupNn MR a‘ﬁl'lntreE@r of 1to

erf | uor oal kyl’ grou rior art 1s replaced
pO and pl and quare cach P P by

F( CF2

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
desirable to provide fluorinated surfactants that use less or no tetrafluorocthylene
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
a minimum amount of fluorochemical to obtain a desired surface effect or

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

1
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webdioimety. By "fluorine efficiency”

partially fluorinated term nal groups that require
| ess tetrafl uoroethyl ene and show i ncreased fl uorine

ability to use a mni mum anmount of fluorochem cal to
obtain a desired surface effect or surfactant )

priop g sees leveh ehflapine. ed nobmsuteymgthesh flegrinesfageniyn
Beddrats MershRk BPE&%% 1R6l dtharfaaErdcerghg @lovdrugioufter A

ol yner havin i.gh fluori effici.ency. generates .the
Bl thag A SOBRTafiEk B VBET-o e BRSO RBEHOR ST SPSwer
anprontd Ghordidatal sunfactahidan a conparati ve pol ymer. The
present invention provides such inproved fl uorinated
surfactants. SU WLARY THE THIMBNEINIAIRe  pr esent
invention further conprises a conpound conprising
For nulThe presemtpavagtion Girfhra campyep 2 yompennyd eorppising Formula
Ra- &8CQR ¢ CO- O (CH 2CH2 )Rf Formula 2B Ra
-O'CO Y-CO-OR Fornmula 2C wherein Ra is the group (i)
Rf (CH2CF2 Bd-o(-@@b%Yg )-; (i) RfOCF3fmda20CgH2 g ) -;
(iii) RfOCIEI—E':FZCX CH2Ov -(CgH2 g )-; (iv)

Rf OCFHCF2 R @+CG2W -L O-O((OHRHOOR ¢ CFBpeaNk2BCgH2 ) ; or
(vi) RIvCH2 )h [(CF2CF2 )i (CH2CH2 )j]lk . each Rf is
i ndependenRpyO-CEF-Y2CO+0:Rc is 2 to &bomla@C d is 1 to
about 3; gis 1 to about 4, vis 1 to about 4, wis
fhgraimbout 3 to about 12; h is 1 to about 6; i, j ,
and k _are each in'dnggndentI{ 1 or. 3, or a mxture

Cher cbis gimred) L HEhE: doﬁf@H%g&ﬁﬁQrR@CF&&WgHzg)-;
| 1 /U 5 e

iy ﬁ@é?HﬁfF‘%bﬁgﬁéh@a‘OEV-xéléﬁ“a&-;°dﬁ§Mf&°%f<2é’zﬁ<§w - S

( 2 hg o _ o
EPGOEREES R QU R P BRIk LR
CoH( 2 , i 1.tq. . PET, .
oeocr R SRR ifele ety (LRI 8 18P hbokPo, Pk bt 3 ¢
Thbktosabopdtvaintlgo eboutide wois éanabauny émabah 1 Bdvis lithabout 6; 1,
itaﬁlH(ktd‘r'é @adﬁﬁn&%@ﬂ@l’énﬂ? 1L A orlBor DidiGre t@laéof; %T(Q?df)d B4t the

-0 COXCO O CH2 )Rf F

ormJI%IARa , 2 ormula | B
total number of carbon atoms in group {v1) is from about § to about 22;

Y is a linear or branched diradical having olefinic unsaturation of the

formula -CeH(2¢-2)

wherein e is 2 or 3; R is H or a linear or branched alkyl group CoHQ2b+1)-: and
b is from 1 to about 18.

DETAILED DESCRIPTION

Herein trademarks are shown in upper case.

The surfactants of the present invention have the structure of Formulae
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

i s nmeant PETYES2009/048204
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w@e@abeomki y from about 6 to about 18;

Ra -0-C0-X-C0-0-R Formula 1C whereinR is Hor a linear
or branched al kyl group b is from1l to about 18,

i ndependently Cc F(2c+l) having c of fromabout 2 to
about 6, ;ﬁ)referably from2 to 4, and nore preferablty

4: X Rois&l o1 mlingear oF bigpelied ity érﬁfulﬁr%iﬂ(@hal) &ihRypin b is from 1
AR S SHrefeRBB, &RHbEed tb(aBBuSM, -, wherein e is from
2 or 3, preferably 3; and Mis a m)noval ent cation

s pstaspeame i et oo suirs

F]eéeréplgﬁéor%gﬁ%l Sa(qdr{agrgfpr F]i'agkyzbre (i) through (vi)
wh b t 4,
et SN S Ay R0 %ﬁ%&é@? ol g b0y
Rf(CHZCFZ)d (CgHz29) - Q gl\q lto about 3,
preferablyfrom1t02 re preferably 1, ()

Rk EFfrorh CHA3, i)re’ferﬁlbly '32 aﬂf@i f1 1%%3%%@5@ Qh¥eh is

il%?h %Hf%ow %kﬁﬂb im hnﬁ( wﬁh Wf@@ﬁﬂ%ﬁ %%kﬁ»ﬁev
)7 QoS L PO SO B AR RO R o 1 )
RfhOEH( B3y SCNHingCgbivegand g isor to(abohit RipfEeiablyhir¢raF2eB2and

| %51% Whlk wherein h is 1 to about 6, preferably
%‘A 1%;%)% and nore preferably 1; and i, j , and k

ar gjpeac hRf(@ gqem wgerefﬁrd 318 rabé‘utrgI ﬁéf'ér@bl from 1
t her'eof, , and nore preférably X

prow deototzhéli1 ’EHHE‘?RTS Yulmber of carbon atons in
t 8t bout 22. Th f d
e o SRR 110y and (1v). Proferred
emhed TRt acp i aca) %cgg@ggvh%&;nmﬂ%) HELEI T
Rf OCFZCHZefe(e(b@y—ﬁogl ) to: 2, @ind mordpreQTRHCE 20( CH2CH20) V-
[ Rf OCFHCF2 O Cw H2w when c is 3

or (4V) anl%ijCEIﬁC I VZC@-I(Ig@) -Wher@pprasfop a 3|\W about 12,

CHE SGS?\/?(%%—%% fm%teoqs_%em fi fgil%lfe;ang gf erred

(v) RfOCF(CF3)CONH- (CgHzg) or

(vi) Rf(CHz)h[(CF2CF2)i(CH2CH2)j]k wherein h is 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 (i), (i), (ii1), and (iv). Preferred embodiments of
Formula 1A, 1B and 1C are those wherein Ra is group (1) R{CHyCFp)q4-
(CgH2g)-, (i1) RIOCFCF2-(CgHpp)-; (iii) Rf OCFHCF2O(CH2CHZ0)y-
(CgHzg)-; or (iv) RfOCFHCF,O(CywHpyy)-; when c is 3 or 4; and X is
CH>CH(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, gis 1 or 2, and Rfis
C3F7 or C4F9g. Also specifically preferred are compounds wherein Rfis C3F7 or
C4Fg and X 1s C3H5(SO3Na) or CHpCH(SO3Na). The compound of Formula

each Rf PG&TI/US2009/048204



enbodi nents of Fornmula IA, IB and 1C are when d is 1,
gis 1or 2, and Rf is C3F or C4F9. Also specifically
weeabeoeedl are conpounds wherein Rf is C3F or BAFBSZN048204

Xis C3 (SBNa) or CH2 CH(SG3Na). The conpound of

Formul al B wherein Ra is CAF9CH2CF2CH2CH2 or

@W@%@Mﬁ@@ﬁ&cﬂﬁ@%@%§ﬂ2@ﬁﬁﬁ%cﬁ2§éﬂm adrRepiis
%&F%‘ﬂg& frkad mrent of Formula | A (RaOCO X- COORa )

FOCH2 2mmwcqqm%
( 8(13 Na) iR B CoREdintila 1A (RE©Ce-KaCOORypiti ment
of Formula IBis C4 F9 CH2 CF2 CH2 CH2 OC(O CH 2 .

CriF §CBHAYOCB) OBHRITHD) € SHZ(05fNa) (T Iéy Cld oC EpDid oC it A

BRI G DR oy,
(SPgNa YOE ﬁ}F 2wForA pﬁ:éerg@eerﬁjodlment of Formula 1C is

cgFhetben opb K N8 0)0Hb B SORRERAVIOIOT AR pr ovi de

conpar abl & of” i fproved Surfactant proper I'es, versus

prior Tae tsu@amm@@ﬁmrﬁmﬁ@rw a®, b NT TeddiEEe & BlcaRbOf S.
ghe surf ants of For

I.B, and are
e A R R %P&&d.pﬁ%?wpﬁ%ﬁe B MHEPYE ae
10 Ruxfac2Bt peopdrtRE acas mdiongrt surfidents ddrivedifirogn Relaoier Bn
A: anhydride di-acid Formula 1B Schene AThe
unsaturated internedi ates used in the preparation of

For nuhge %éfa&ﬁt@@pb&fﬁu%% Q@O%H‘@'é aff (%E@erﬁ hd 2B

and 2C Fornul’a 2A

AeppupiR nvierimﬁaiﬂaéeszcé Fgmulae @6 ¥B w@@awmg £ t@efollowmg
RRe¢tRInBdReme \:t he group (i) RF(CH2CF2 )d -(CgH2 g )-
(ii) RFOCF2CF2 - (CgHz g )-; (iii) RfFOCFHCF 2

I5  QUCH2CH2O) v -(CgH2 g )-; (i ) Rf OCFHCF2 Q(Cw H2w ) -;

Rf H- b CH2 )h
Rt AN

Hi2e-2) H(26-2)
o=c—Ce—~C=0 Hooc— Ce—~—CO00-H
© \ acid-ester /
H2e-2)

HOOC— Ce—~COO-R,

Heeo) < ¢ T (H;<2e-2>
R,-00C— Ce—~COO-R, ROOC— Ce—~COO-R,
a

Formula 2A H(ze_z) Formula 2C
R-00C— Ce—~COO-R,
l Formula 2B
SO.M
MOgS‘ C/ 3
— e\COO R;
R,-00C— Ce—~COO0-R, soM  O%CT Haen
H2e-1 P

Formula 1A Rf'OOC/Ce\COO Ra Formula 1C

H2e-1)
Formula 1B

Scheme A
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each Rf is independently CcF 2 ¢ +i); c is 2 to about
6, preferably from2 to 4, nore preferably 4; dis 1

wo eo1aloass 3, preferably from1l to 2, nore prefPCHDB3009/048204

gis 1to 4, preferably from1l to 3, nore preferably
2; vis 1to about 4, preferably from2 to 3, nore
pr ef erlapuysapuratgd jintermesiatesiesgd inthe prepastion pp Formula 1A, 1B

Bh@1 €radbéomiduam 4f Féinfala PRI EB RieiErably 4, his 1 to
about 6, preferably from1l to 3, nore preferably 2; i,

j , and k aRrg-@xh)independently 1, Farm@la 23, or a

m xture thereof, preferably 1 or 2, nore preferably 1,
provi ded t RatO1d@Y-00a0-(QlHédd>)BF c&phowadBons in
group (vi) is fromabout 8 to about 22; Y is a linear
or br anche®eP1HEHYe&O-QRi ng ol ef mi FounglalGr ati on of
the fornmula ~CeH(2e-2)~ wherein e is 2 or 3,

pihefedt ably 2; Ris Hor a linear or branched al kyl
group ChH (2b+l)S and b is from1l to about 18,

pref eRadt e JH 6 to 18. The surfactants of Formula | A

ty t I f fl | cohol
0 o e i afeE 1 Ra i s defined as above wi th
I I f turated i b hed di basi
00 o SO B lialael Cory2e-2v (OO 2 or its
ahvdbi 2) /| \ O=C C=OF I
%ﬂ@y/ ﬁ%%@?%fﬁ@@@@ﬁ?&@g?ézm t he unsat ur a?(regu :

divest QroeFHCaL,miCa HAas an internedi ate. Methods for
car boxylic acid edtérification are conventional as

@‘I)SCU$§©¢F@@F31)@):ONM@%1N§§)S,GOII n "Carboxylic acid
C

esters: synthesis fro rboxylic acids and

dap i vRICIes),[(CR)CED (e @ir)Jynt hesi s (2006), 20b, 7
11-723. An acid catal yst or dehydrating agent is

pr ef ecadR phemdepeatehilp§ctie+iee acid groups with

al cohol s. An exanple of an acid catalyst is

p-t ol Génesuttiowhb oprefsiably fiomg) ieehmoraniarbledanpl e of a
dehydrating agent is dic%%lohexglcarbodiinide in

net hy dds & to about 3, preferably from 1 to 2, more preferably I;
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;
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;

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

Y is a linear or branched diradical having olefinic unsaturation of the

formula -CeH(2¢-2)

wherein e 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.
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chloride. Preferred unsaturated dibasic acids and
correspondi ng anhydrides are maleic, itaconic

w@¢ pEvloydeehesucci ni c acid), citraconic (methyl neCBUS2009/048204

acid), transgl utaconic (HOOCCF*CH=CHCOOH), and
trans- bet a- hyxorrucom: iHOOCCHZCH:CHCHZCOO—I) aci ds and
anhy drihg serfactgs efnfiaamutant A @redirerared bifeagtiieniinoamolas pk

tﬂ'il@fba[c%ﬁ@ﬂs o foMriulh ﬂg@@pw&e&ﬁﬁky 9 e @ geibos b hfitht e tnible

rmthe suI .oni ¢ fonation. techni are
BEaT By liRghsor PeanFhedHitsromd Sont SEMCH By
AOOOH)6 obits hetotdaidt oMBobidc Dur e”, Organi ¢ Process
Research & Devel opnent 1998, 2, 194-202, and by
Seki guchi et al. iﬁk@ﬁz@agent 4,545, 939.
Alternatively, the olefmc precursors described above
can be converted t6 the sul fonates of Fornulae |A 1B,
and 1C by the addition of sulfur trioxide to the
doubl e bond. Th®T ee & fonic aci dFEHRYR® used as the
surfactant, or the sulfonic acid can be converted to
t he annoniun1salt \thé alkali nmetal salt, or an
al kal i ne earth netal_.salt, and preferably to the
sodi um sal t. Those é%llled inthe art will recognize

Qhiaes, 311 gratd, 'E'lﬁé OSBRI IBR b bY

ove) aré applicable and are

infetmedesde. i Methl@és @glémyhlmm estermlicaidn iarg eonvesttionpleas

%ﬁékﬁ@@@’bf»‘ J&h QH(PI\@a%eOi%S‘da%x peklig eé}@r@d Fyfr\ thER oM 88bbAlic
1C to the surf cta r mul ae 2Aégﬁ

S
A zf@j diasafive g@lﬁlécerqfrsafﬁf %906&?@%611. -Sometd
cagiyot dr&féﬁ?dhﬁtmgzwg’ent ﬁ@rﬁbfr@@ﬁzﬁ&n efactikiethe free acid groups with

Bl PR AR bR o e AT RiFE o B S SRs A HIOWRR and
2Bcxampolc 2Ca dTnelratingf aentan d&yolbhﬁqﬂmlbmmm@e pnueth@ene e
?ﬁl%ﬁﬂ ﬂrﬁaéf‘réq%éq%ﬁgedocﬂﬁasﬁ‘@éc‘??s nd%oye Q)'h@ %%ghfdﬂ(fgg are

one no an uns tura
araldie.discorad (Apthalsnesuseiny agithydirpepaicofmatimdmgleiqprcidir Eaips

%Rﬁéﬂéhﬁ By cenh oWRICHEDOEN %nﬁftEaAstb%E %ﬁb‘?&ﬁc S0 h
S a a er
@%&é&zﬁfg %E@i@éﬁﬁé%w@s g hyglrz%c%upwgawﬂ
af Fbmmlm aAdetieh ,reaateelf\enﬂabqqeoosf sd‘dmmrhydroﬁr&ﬂﬁi&e im ﬂhe
lilg %?015 oL %%aélo ’tecﬁtrnlq%egagle gncrlbe(# B%R%{)er% 1{1 ”gu Illa%on
&@du@ﬁngycfnahnfdnm‘iurfﬁ@ta@dl\@mfahw @tr@nsml’noatﬂw\efswclu&e

HevtBhRicROIgok. 9f19h%z§£m§ekl h?*et'a? Jl @Jm@eife@mtaas 939.

conversion to the sulfonates e anh y

prierstively. the ofdwiqprapapers devsriged shpve gan hﬁ 9%nV@fted to the
Eﬁlfdﬁé’te@%f EBrraingde 1&. 1Bhadoeny g aglitibhef &ﬂhﬁfdﬁdwﬁ@e fo tﬁg

th r sterificatjon.is a faster re
A8 Bt st T oBLE B OO E! PTG SHET e 4 lionic
asitlenn bAsonwedicd at thd aatmmnéym isalt,tthealgalc orchl salt, or an alkaline
carth metal salt, and preferably to the sodium salt. Those skilled in the art will
recognize other sulfonation methods, such as those described by Roberts and

Sekiguchi (above) are applicable and are included in the present invention.

Addition of the sulfonate group across the double bond of Formulae 1A,
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
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esterification acid catal ysts or dehydrating agents
are used. Use of the dibasic acid thus tends to give

w0235 of products. The sequence of use of PEEUSX09/048204

al cohol's in the esterifications can be reversed. The
surfactants of Formula | A can al so be prepared using
fpsnteriatlithhisomerstapecquyrdend 2ad Alb predpelugersin the definitions of

F9RnLISOPA!T 28 Wn@ 21 ocedur e described for Fornul ae IB
and 1C, fol [ owed by conversion to the sul fonates.

Howev dhe sﬁﬂfacﬁaﬂt&fl\@f Fa‘drﬁmldéfl?}?zﬁdiul@ aﬂe%rmtedjig}elfé%tf@d)ne mole
XtUr es surf act ant .conpositions o

P SR Rho S R R D i PRRESOL P S o R R b or

trianchededibdsic awad enhydoide o6fhe Reru@ie dfEorgHRAMat Odweand

%n%_ér Pf‘ectﬁgﬂw%en IS 9o 8?%)6 St lﬁfes%n@céfdﬁrlg %I%fn JoMBn R at a

nore a ols are react

st GRwewduE Kb%werb%bom h@ﬂshb?d) 6 at§iacmelgiod a dhuogggécohol,
trabIyIoF f&%ﬁﬂ@R B, t@rprd)du%e #Fohele n8e of FairbR

SCri b ove fo arati an of.
éffP?%&o'L? Iy ngﬁm?d}l% %5‘2 oL BIGEFEI%6n 1 o
coeveatibiad Iﬁlabﬁﬁatecﬁaﬂchhdlslﬁrfeaﬂitaiﬂé fd‘ﬂuxdé mtrths poan ob dleqﬁémbss

%%15 i§ fllowediR co%ger 1on he sul RO (ﬁ%{e i9 nf%fer? lt'i
5 ' CO oalns

separati ons re no erre conta ni ng
Ree epugtioi of soffa@al(tebﬂﬁxﬁmulm 1Gsdhebpé¢mng h%the

'HNﬁRfdle% 'b@/%@ﬁ\(%t Eﬁ@ntﬁ%aﬁ?ﬁ inAtsd, fe%&t%fpﬂ\}?@{h%%gé&ﬁ of

f ormul erein Rf

@&telaﬁwlﬁé@f therintsfraedipte gCidSser-uds aailwd %wwnﬁlm R

tegeﬁﬁ@aalbhqeld&tamsssts c&r&hw@ﬁ@ga & a_?p agd. {Us@rofﬂ%&ﬁthsic
hese

tl t
4P g e B agr e odihy hﬂ}f SOGEER PR s tvo
Skchbete il thelesterticatighs cap badtversad.e as defined for
Formula (V).RT CHz 2 Rf (CH2CF2 )qgl CH2=CH2 T ol eum
Rf ( CHRCR@faptadpdHrmol RE CQIOHS@QP@p@eIQ apiRg twvo aditipis of
Qﬁé' s)am'é%*ﬂ&fﬁﬁl énthH@t\Iz&‘ 'té%%"rétél% rQ(%dﬁ &Ytleld rrnulae 1B

[uorid 1 near, or bran UOTO&

@%ﬂ@e@ﬂewsél !azrs EANSHTIYDOrIAS S@foqawé ﬂomaf@ru thas szo step

g@d@&ﬁ%lmOtpMﬁfr&ln gis 1or nore and Rf is a Cto
per fl uoroal kyl group. For exanple,

Mixtures of surfactants of compositions of Formulae 1A, 1B, and 1C can
be prepared by using two moles of a mixture of two or more of Ry-OH, Ry~
CHpCH»>-OH, and R-OH alcohols. The two moles of a mixture of two or more
alcohols are reacted with one mole of an unsaturated linear or branched dibasic
acid of the structure CeH(2¢-2)(COOH); or its anhydride (Formula D) as
described above for the preparation of surfactants of Formula 1A, followed by
conversion to the sulfonates. Such surfactant mixtures can be used as is or

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

Alcohols containing the Ry group (1) of R{CH>CF2)4-CHpCH2- useful in
the 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).
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see Bal ague, et al, "Synthesis of fluorinated
telomers, Part 1, Telonerization of vinylidene

wo baooes wi t h perfl uoroal kyl iodides", J . FlROFUS®09/048204

Chem (1995), 70(2), 215-23. The specific tel omer
iodides are isolated by fractional distillation. The

tel omer iodides are trepte wth ethyl
procedures describad 8 Patent 3, 9Ri’1g(lg’§f€§g:y tab provi de

the tel oner ethylene iodides (VI of Schenme 1) wherein
rris 1to 3 or nore. The teloner ethy] ene iodides (VI
of Schene 1) are treated with ol eum %@H%(d{ol yzed to
provi de the correspondl ng teI oner al cbhols (V of
Schene 1) accordin roc®8tt es disclosed in WD 95/1
1677, AERRIIEF Rl  eFoTeT dRtighato (e (VI
of Schenme 1) campybe treated Habth N-methy( )forrmm de
foll owed by ethyl al cohol/acid hydrolysi's.” The Ra
group of Formula (ii), RfOCF2CF2(CgH2g)-, is obtained
by preparing fluoroal cohdcac®é 1t he for mul a

Rf OCF2CF2- CH2CH2 q H which are available by the

or br ARe IR by LS o laF b T hafh et
pRATEEARGF fotes Mty LR N W@S@éﬁ”
hwensrqsls (\py morCrpdRED afi 2§ RperfugrvalikgtgroupHFecrpample,

é%:bl-’] Igfl'a a@FeS%]?lE%olﬁ o@g‘?@ﬂ@na)té& telonfe¥d |P)artV}atIﬁfon{e\rr{|zﬁtllon o(fv

Y @ge 025 LV Mogéylnlﬁ@@%ﬁ 1 fﬁjféwﬁ% ¢ 619955,

deQ0ri15e2B. i TheLi]SecHﬁt: e&Admbr, 1681114@@% 1sdhﬁédilbj‘/1 fﬂammfapd)lsﬁlllﬁd)n.

li'%g teqom%relgal‘%iB? are trea?egpv&as lflyl{—; ‘tr)%m)rgc?(@r%?(%éccrh ﬁén 2)

fU’Sol?ﬂtpé B3f97Qct68-to pm'vatwthe tdlorpér athHenre, iodides PérdflSebahk y)

%Ifh% rh% fédl' 38 '@k, 6P %7&331) etfﬁ%eﬁeeﬁﬁfd%QgW B ABMEA§ ERS
ted te

ene at an el ev erature pressure.

Wﬁqeé wﬁ&%m ppd Byrglyzed toynreyide Qﬁﬁoﬁésmﬂmgé@loﬁlﬁf alcohols
(VQ)‘ffSBﬂlénYe 1}5&@?1%1 t0fp r@ceﬁﬁlﬂe& dﬁbl@s&ﬁh&VWS/ 1 15877

erer.r er e .,C is a er 0
MRS b ﬁﬁg@%@hils ORIV IR sdrduR P ST futed with
Pemetiyt] érmamig foﬂybveqbby othiyl@colarl/aaiddiydiolyses. oxi de. More

preferably the peroxide catalyst is benzoyl
The Ry group of Formula (ii), RfOCF2CF(CgH2g)-, is obtained by

preparing fluoroalcohols of the formula RfOCF>CF2-CH>CH>OH which are

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

@ear

C» to Cg perfluoroalkyl optionally interrupted by one to three oxygen atoms and q
is an integer of 1 to 3:

IC1/HF
RrO'CF=CF2 —_— Rf'O'CcmFz'I
(IV) BF, (V)
l CH,=CH,
oleum
RO-CF5CF,-(CH,CHy)-OH < R-O-CF,CF ,-(CH,CH,)l
VIN) water (VI)
Scheme 2
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peroxi de. The tenperature of the reaction is not
l[imted, but a tenperature in the range of 1100C to

wQa 3@a0aniess preferred. The reaction time can varRCTMIB1009/048204

the catalyst and reaction conditions, but 24 hours is

usual Igé adequate. The product is Purlfl ed by ag%/ nmeans
that dépardiuercallyl stet wdidss af farmylart efrSehrme 2o Abavsean be

fmaa@lb séd,ureb&éscm)édtm IU@PM@[& 3,48 100723 EérEﬁCincorporated by
?act ﬂp 80 o of t heor have been
St Lemge SbhicnBiivioser Cegreraaign DR ETHBPTEE of
;ﬁmﬁdlaj()abksctheatemsrfrdnoplenﬂlaoroan{)mmefzmyudstherofTh]:b@ﬁﬁoarkgﬂ
t . ti
%thref?@&%g%/t cﬁg sec%?%% gasafgéyc‘%egfvg{tﬁ %«!EES 9 ef.ﬁ\élerl?e R el &R
pamnridratorecald py¢setice Wiataiht edditipn df etbgleiosandic @otrsingit 2)
A Bmbli§ %Eeeﬁ’seVMftaf&uRAtﬁfl %téi\@;gt i6 gf&"fé}%ﬁ qiiieffepabw Q¥ 'C%R&D?S

correspondl ng al coho accor |
@P@é@&@@wsawélaé?élazowhpw%/qobpm wﬁml ADERIHEHN

Perdxide, HY atcefyln péloxwley Mdrb 9rd$&ﬁf>1lyum p@bkﬁib e&tb@@t iebbydoyl

PSﬁOﬁ%@e 3R ermpaeat B g it s W e d SHlE gftrature in the

trengp ef 4l QhCetoolf3 020 aupreted@dt dhd 60GHn Bmp rced eanyedth thhe Ra

gcrttgﬂrgt a%fd rEQch%Hl g‘n(gll[lblllé) buﬁ% 9 %é 198?‘%& 1S

y reacting a Iuorlnat Vi n
tlﬁe(hb}DM}y@?Wlt@ft’fée@qfﬂ,ﬁ@b‘\lﬁf@qﬁ}?ﬂ fé@ntllng mtesiay iffﬁ}ﬂ the final
b?o&lkp%ﬁ’dlﬁﬂgﬁgn tisop&f%?regl S%fadt&y%’l T %%tor @ol, 8f Qlfeofyr R

bout 1 to about refe out
@%{mht@ﬁed gsu&%ﬁlm%?e?dm?lﬁ of ﬁféW(?P% Berpele p%féhlpahllfvl her

liyetdd, deempdritate 451 18°C ah@bytdgeronaprdssurd asicsctdn g ot 21
nerate eq}{}l librium goésﬁg of the al koxi de ani on

‘6% a(ﬁﬂiéjué E%Ithe I&)Wéc B base catal ysts include
potas %‘hg@e ; er ﬂ&letﬁ%deltmr%%ﬁjﬁes JS VItdH '%%Héﬁghf%e tregted with

pot assi ot assi um

pleat angrhyideolkendda ptavddathe é@rr@ﬂponchég alcahml@ §YHef &ckaneh2)
ascdMihb QIR CERSes WIS RD '1@\7&5(9" byang s (ElPJA%H%ﬁern S.A).

di.met hyl f or mam | ace acetonitrile
ﬁé&ef%ﬁ%%@a %f'qwaw@ygg @1‘? @%Séw@s tieated with N-iethyl
%m&ﬂi&é f&lb%%?%thy@@l@bhdl@cicﬁhﬂmbﬁy ed térapéraiuid éff dbotihe
rﬁgg |§@ ﬁt:b{:g)e at re at fromabout OOC to about 300C.

'f' e1 t uaIIy conducted for 1 to about 18
hour s e

t echnit Hk ﬁg&&c é’é@%a@@raﬁ on I n & L@% oﬁY)g'@(g?ng is

evepped dpactmg ajffnogiasted vty etber with ppobigtylans\ghycer.
fahmp{h% i ctae 1s%%x¥l§rbﬂdéc§tov’!ﬁé grycélqh létih&ar @99 ok k8

m xtudre to Xce

?}lérlalt toghont3: llﬁgeﬁa éa}];) ata qrﬁteZ }egf?? Feé‘ﬁtl‘?ﬁ is conduc¥ed in the

pﬁersérhdewf@@alamwyd»idéWmeﬁ tsafcamlydﬁ @ ytekityeneneh @I geaGtate

ﬁulﬁgﬁ&t@@ao\é\ﬁ% cﬂf %l aél?oxu?enymon kM thér Eleycglv O sultggle Pase
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
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pol yet hyl ene gl ycol hydroxyl groups can be determ ned
by H NMR spectroscopy. Typically m xtures of unreacted

w@oilgmblsgs ene gl ycol, the product of fluori natBdI/vUs2099/048204

et her adding to one end of polyethylene glycol (for
exampl e structure B bel ow), and the product of

matrsAnseltbicrand thy solueriey waigrpeluble crdgeion of tapsmpftunetie an

RRAXEebMYhePRLIBWEE Bl séi@iticdTRd Ryei§t ructure A bel ow)
can be obtained. The rel ative anounts of the

conpomaBicctdn bhperﬂuoqbpro@yarlﬁylaa‘tlﬁ@aﬁleﬂpdlyethﬁener @iyt dots
t he reactag) Ct on c Yy in

RRT R C8Hl§’i?h“°rns 58‘|V%rf‘%%8egrffe %fo‘ipgi’“frélgnc?& nlehe
‘polyythymnh gtyCDbhgirgxm Igrcalpd chrobg dcteamnublmy {tHAWdRt end to

: o .
fs@%c%sc%%glu }glrc?ll G%or tf glr%]e?ég%a% %ﬁg@[ﬁ}ll%ﬁ% glglr?ol\,lfehe\falréﬁﬁ!ct of
rﬂrcr@rl@%t@%ama hrrtasid@g tsppg erd efepotyctiy enarelpeal blgr cxavaple.
'dt@ﬁ&@r‘étfﬁgilﬁﬂ h,Jaat fnd Iﬁg@‘%‘? by 6@brindtdd ‘iflﬁylsé?lﬁ@ltatiﬂiﬁg to both ends
e us i fferences i il
of Moo bre&y?%e %vcogﬁfar PHORE SFOPtHE fa%r{?&r L% sgtmw8 The
sdhtes&t dnveinsod fbn torepdneas tof e rafxture xtauféstdddyabt aidtio of the
stht re hi.ghl enriched in.St
%% a Cto e r?a ? g?r}dd% u%/e (gt'h I%Ié théC% tflg é%) ugt 1S 1so?attecf3
fogh taies gf thapyirsd cthict fo)gly @il @@H@Ezmnpmmmﬂm fGre

Gixfe A%H'o%tﬂé[cﬁv Ai%v% ene&'&}:ﬁv 12 Q‘%‘g&%{l'ﬂnd shorter

Structure B) . Pol yet S sujt
{RAstion BME BIYE iRgreaAsFy alavlérrtr | $%u<ftrr@rﬁ shejiva belows mdq
Whicaerdd pelyctillend BB/ cbl. UOTsisBRtcBhcY pdsasibleetoll@é ihS@eFeicRcdse

e HDAE et Tty o o Tl P R BRI i A ggolvent

ee@attion @f aniRusds kozlytpmopinpiys|thdt lacolighle enniclaedsih SthiuotuarsyA

Be Eh qgle%lrg;ﬁsptkf %%ercglg g he%eé%gpeldl c%hgo?@Sﬁ .?ér thé glloﬁﬁ R

car onat
@méde runni ng through the tube, or a fluidized bed of

metal carbonate. US Patent gl i cation 2007/ 0004938
descr RFQEF H%@%z@éz@)m@ﬁa BEORT i nat EAT4AHGIA et her

b [ fl d th t al
car Lﬁ%éégﬁgr@@?)-éirﬁﬁ%g%g%i tons | SdyEa] bac

t t b the d b
t omper abap ok SRSl e Rl Eotef SR PRREE ) B o
Shgnea-AhdrichdMiiwapkee tWik r TheEhamplated vafyl fthgonsedan d abomy |

R BT S0 ARSI e g

voybrthers by reacsing s 2otlkowincopioma faoris Ho gationary bed of a
%ta{?@%oﬂﬁe NetpiaSrcabdr FREPANH dridl hidkd gmana@&ndr Bfuiped

%wt% a screw EO ﬁglflllm%mg t}éZoug %’1_1[%: o(r'] a(ﬂuldlzed\%gd of meetaﬁleI nw
carbonate. US Patent Application 2007/0004938 describes 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.
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is fromabout 3 to about 12, is prepared by the
reacti on of a perfluorohydrocarbonvinyl ether with a

wa@lr@b/002s23 he presence of an al kali netal conpoReTUS2009/048204

Pref erred ethers i ncl ude those of formula Rf-O CF=CF2
wherein Rf is a erfluoroa of two to six carbons.
The diTdF Ragremeef Formy F&Héﬁﬁ vl s wiereiml  of

ﬁﬂ&h,ab%tejst%ra?g%?ﬂj Rl &us ﬁk%@h@ﬂbfg mol s per nol
ulLt a e ounds .i nc e an
APt fohyro i boRy o) e it el B0 BRaeHee oty alfiGe
aiekzﬁlcbmbyﬁi’(d direfeared athessl ikelude b clel foHﬁ&Ifaﬁff(Q{!EPaﬂr@

alhlé 1111 R?Eaeﬁgeéﬂ Q%LéFI of tWo t &rcag)so’ns oﬁ"héalil%f S dlsg(%/ 9tr i des

suc e react 'S ‘cond
tkorpdrtatebew 16fmdls peon mbmﬁeth@m@e&mb@b&gm abpa@oCto Th e

ﬁﬁﬁﬁts' H5ts gélanPofCé%ﬁEiiu @hﬁ?olé Rk 3R ndpdl 'cQngBurﬁﬁ G arSUCh

as et her nitril group o romula (v),
rikeitmatytzy bt petab a&alluhgdwé*ﬁaaléah Bydrifek P a
hikdD abii@d. efdfe@h@@ Red alRfli mefaibudh 4s NaFK whesairnlillii i s a

ht fl | k h f
L S A
Xf fremosbpge40°Orrto abdut, 1 26°E hTlee deadtni cad dp eowtkretddyin an
8%9@{11'1 g%lgéﬁ{ St %:ﬂl&k&n[ﬁtﬁé oup having fromabout 1 to

carbon a i'onal Iy containing an

oxygerrhelk g&%&wﬁmﬁ%xﬁ&ocqf(cmm@ﬁgéﬁ ,gﬁgrﬁezfelred

GlsF is an IS zero Iti
|ﬁt‘@é§\fg ﬂ(u(?rglaéﬁ‘rﬁi?’éﬁjlﬁh?% crrnwﬂa lg group, h' is zero or
one, Bis H and E is hydroxyl. The conpound of
Formula 4 is prepared by rleaction between a
perfluorinated ester (prédgargd according to reported
met hods in US Patent 6,084,845 and US Patent 6,376, 705
each herein incorporatied by reference) with atriam ne
or di am ne alcohol with or without solvent. The
conditions of this reaction ajle dependent on structure
of the ester. The reaction of(GEG bha

al phadi fl uorosubstituted estersg®with diamne is
conducted at a tenperature of Ifrom about 50C to about
350C. Suitable solvents for tRifs reaction include

t et rahydrofuran, nethyl isobutyl ketone, acetone,
CHCI 3, CH2Cl 2, or ether. The reaction of ester wthout
ahRhas; fl uorine substitution with diamne is conducted
at a tenperature of

Ryis a straight or branched perfluoroalkyl group having from about 2 to

about 6 carbon atoms, or a mixture thereof,
X3 is oxygen or X1,

cach X! is independently an organic divalent linking group having from
about 1 to about 20 carbon atoms, optionally containing an oxygen, nitrogen, or

sulfur, or a combination thereof,
G is F or CF3, Ais an amide, j’ 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

11
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from about 900C to about 16Q0C, preferably at between
about 1000C to about 1400C. Preferably no solvent is

wenapboywas f or this reaction, but suitabl e sol vREIL/ES2009/048204

i ncl ude chl orobenzene, dinethyl formam de, or
2-met hoxyet hyl ether. The conmpound of Fornula 4 is

Higeing pepiarer Poohobadthiosvithentwabrens pes sangstons af s
a&attion hidQlepSiRIcM drstucelir BT he e@tbf:omi re@@tlo@mfrag)hal aphel .

Aibrsss %%*%3 el SR dHas Topdis %gltagérgmgéﬁom about
ab@m alimt B §°@bSwitabRSCIvebtsi fbﬁthhﬁes@io‘neﬂctlﬁdé w@traliyRirsfuran,

1s%%uté/2gétglqe a%ﬁéx:i% W@‘F\%ﬂg@&z, gFEtﬂgll[ Thse(%gayc{tl)én of ester

entlﬂnent alplhlaeﬂmmne@mh@rtutldﬂwnmdlagm@p coﬁduzmdmlaeter@pq:r)ature of
Hohfboft H6d &%oﬁt by i erdbdn a{f)o%nz 100C Pk ed

y (pre aration o uor oa cohol ,
o sferatparsg .thﬁ empigysq fox@fvlﬁ f%ﬁ%‘?lb iDHt Wtab@ sglvepts
mm& daﬁfréﬂ>dmeérfeahkﬂéth |t fliddbr D-ri@hdxytdypbast 6, and
subscripts i, | , dyk are each |ndependently 1, 2,
3, or Tae m)mpomﬁi dﬂ}‘emaofa 41§ IaB;SQ)rqiac@ihgl Radtion Hetveq@ared

wpgnatg%nngﬁf%on&g wg[ﬁ% (f}\% ing aﬁoholbo%mmei alco%qol THIS

erern su
IrfmCEgIEIS condunted at@ tarbptrtatuﬁe offsdmgbewt 60°@m abpeta40?€nt

&q*exlayg a@byt%ueén atl)dut @@é t@%ﬂu Egnw ds%{agfe s%mml 6r thimscuon

eac [ ol eum ( 15% S for
1n0éudﬁ>datr?§lydfq£maav@at B&/lS‘PRPc‘JYld‘i%esaC@%qnﬁgCHﬁl3 @é&z@m Qrt2e

K211y 8thg Déthidr @Rihyasdet hen fol | owed by heating to
about 1000C for about 30 m nutes gives satisfactory

resul e RFuirowt dffa?’oﬂha&qtvl)ohf(@m@h[(mg@ggm@lc&@ g is
ogglgqed ytp?epa?aﬁlon%f?lo?rogpcohgls g?n gn gom tenperature,

I'eci Rk purlfled For
&t al(CF lzéFth@Hszz) [R5 Vd@t:famRe@B a6 ta B psluodoallgy],
Quﬁséﬁkg‘?g 1i g as&!&%r ALY @@' i V‘Antdh( HELE ﬁ@%h@&ﬁg 1,2,3,

dried over an rous
€bh éréﬁweatihé@og nthase pleahelp a@rprm%ﬁ?m@thﬁemeﬂc iodides

@@HF/ﬁﬂt conglt, QHF%II-H@‘Ij]!(QrCIfF Eg guﬂ%selﬁaﬁbs%?ﬁfmlaﬁyﬁeger

Sopgh ?%a%'{oéfﬁ Sisiipin SheopehB R AT R G o i g 1o for

prapple atlathgadimatwittgoltine (0% Fanp at ebauo dO‘h{bﬁ)r RbGEH . 2hours,

%&L&&%’é b§r h&'ﬁﬁol}hé e rﬂégd Mk W%seofhﬂ cg{ﬂgn followed by

are ned
heasingde pbapdAATG: ﬁbralb@wrﬁ&l Iinges I51WNS Ivetisatdry rasts.dBut ether

abeHbn dafdiforden BIRL 8k 'ﬂ&df qf(fté}bb@ﬂfg claglea%‘ hfbichDom
reaction mxt(ﬂrels wash ]‘%ire@to give

FRRR RIS, ASOH wr@%%atqdmsgla@sﬁnéw@r hFet %ﬁ@f ¢, frdiquid
oihee B¢ daated dn i iy o0 h |1S3d118@1@31| ifl ether @tﬁﬂ‘&/hshed efithuxser (at

?%tﬁlga%eidg% {?E rdtél% Ve aag»ﬁg oy ?Iﬁz%ﬁom d concen?ratea ana— Hreled

under vacuum. Other conventional purificatiion procedures can be employed.

Alternatively, the alcohols of formula
RACH2)L[(CF2CF2)i{(CH2CHY);1kOH as defined above can be prepared by
heating the oligomeric iodides Rf(CHz)h[(CF2CF2)i(CH2CH2)j]kI wherein Rf,
and subscripts h, 1, j, and k are as defined above for the corresponding alcohol,
with N-methylformamide to about 150°C and holding for about 19 hours. The
reaction mixture is washed with water to give a residue. A mixture of this residue

with ethanol and concentrated hydrochloric acid is gently refluxed (at about 85°C
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diluted with dichloronethane, and dried over sodium
sul fate. The di chl oronet hane sol ution is concentrat ed

waerdogdses | | ed at reduced pressure to give theP@i/Ustvod/ 0438204

Optionally N, N-dinet hyl formam de can be used instead
of N-nethyl formam de. O her conventional purification
Prigdesperalira dar ahoui38doursh d hic gerciies miktufeis wysked with water,

R0 di TSt ahEHAGHR kL Jok br RUsiInPE@fRs abheyy prepar ed

By plhdoers Zacton, of 0 F2n ] i d us Bt OB L

dfc @edhpl. e@?‘[l@tﬁdyﬁ‘ENFcaﬁietl@ﬂfOﬁhMide ren by hecdriegedd ah can
e e

or 1 AR SRR RN oy ORI o B chrpapgtet
wferblypsenapsiity @ligomaiigationefi $abiznf-eéCoH4d HatF man e Intie

ttﬁleag LAt wherefn 1 Rl t%ta@[)ﬁtl mlgsnfga& ﬁﬁita%esoﬂeﬂlyuéiﬁ a8as phas e
a

'S thpr? rmb,g 2tt gz 4 F2n+|
EiragsprogiyIqRRe (L 8¢ ﬁeaﬁ“‘?%caf CFORBGUE %t anv/é?r%eéa’fl rom o0m
@emfmrzn&né toabes 160°@ iMithl acsnéatsln dadiedl iefihton rhefdna}dlﬁﬂ&
%.%ctlon 1S c%%gu tted é;[%%lp}gera&l? 1{:3'15}%501?[ 40t> 10’ a ro?@%{)(ﬁ"%nwith an

I'e ra om-a o abou
pritifiter whioh hm: @lmuabdathomr lzalf bfe1io:that rangee The éfedrratnd ¢f the

: tthyl ene
%%‘ﬁt Rl i Baf BRKE, Backy %%% oLt R S
foF 20+ ¥z Epabhi2iib Pﬁhﬁ’i%‘(htl i3k tp gbguibhaiGEsuy ﬂ@ cogthinsdor e
m&ésecrf@ﬂ{yymfera@ﬂnafa@lubrdéﬂ@lén@ @aq;étuséd tb coﬁhﬁl e8I of

| l}r%/rg 51‘%1@ g In élfthurt er ?qOﬁQ{%e%Or 6; 9 Blllltl”z?falt tpﬁeeferably from

abgftdcl @nittls], afiort be:fﬂlabls'efmm abweitd orabbitai: 1 afte rhole mech of

01 R AT LA L PO L, 904 TG

Rbeuhdl Ate abput 2B, andrigorp @fefQIRbLycﬁr@@a))w 4rtotorabout GA

Ra-O-CO Y-CO O (CH 2CH2 )Rf Fornul a 2B Ra .

o colhe presentpnyepfiay iy theecompriss ﬁhq:aawﬁ%lrat%l ngrrggeiates psed
Zatibdl of (U atants of (he p%s%ﬁ%@ﬁﬁlon(tﬁlﬁﬁge frihed gﬁbr

&@%’ o o%the s%ﬁlgmc a01)d groépcgﬁze &sszatecf 1nzermeéﬁ§'s_|9: ave the

structure of Forrnulae 2A, 2B, and 2C:
(Rg-O-CO-)Y Formula 2A
R,-0-CO-Y-CO-O-(CHpCHp)Rf  Formula 2B
Ry3-O-CO-Y-CO-O-R Formula 2C

wherein

R, is the group

»  RACHZCF)4-(CgHpg)-;

(i)  RfOCF2CF2«(CgHpg)-;

(iij) Rf OCFHCF20(CH2CH20)y~(CgH2g)-;

(iv)  RfOCFHCFO(CywHow)- ;

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

13
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wo pdepesdent |y CcF 2 c+n;

(v) Rf OCF(CF3) CONH-(CgH2 g )-; or(vi)
Rf (CH2) h[ (CF2CF2)i (CH 2 CH2)jlk each Rf is

from2 to 4, nore preferably 4;, dis 1 to about 3,
preferably from1l to 2, nore preferably 1; gis 1 to
A1) pr Bﬁ@%ﬁhMCfQGHQh(QE&@ﬂzhjﬁkre preferably 2; vis 1
to about 4, preferably from2 to 3, nore preferably 2;
wis FROREBHterGegtiybeli€2ctd) preferably from4 to 6,

o S ol ertspidpity fom2 B Mo g Sach |
i nd t 3 ' f,

pref ofdni b 100yt 3 e reBion? ol Fod AOHTRAHEAR ¢ o

the total \oUTher-gly FRO0R RHAMEpIRQUD (Vi) 15 Trom

about "8 to abo is a roor ranched
di radiyGal (haydung, gkeidviy ARSI, }idre ?re@éramp@- forml a
-CeH(2e-2)~ wherein e is 2 or 3, preferably 2; Ris H

or a ki REWm MoubBasebed 13] feferPlPEBMG 13 @ hord greemamya;
is from1l to about 18, preferably from6 to 18.

Conpotirigl$ t®ibdud bNpitfreab2Afro@B, toad) na2Epafeaply@par ed as
di scussed above for Fornulae IA 1B, and 1C except
t hat t,hjeaslilit drorath iodesndgntiysl, @ndt 3.@d a nGetpothed®fof

LR 144 gre also nononers that can be
Egelr%/?drrté?l gdgdz’gjﬁg%g%orrgﬁx adnmi xture with other nononers

to confRidRqhdt tROBtMALRDLF SRAHANEYME B érBﬁ;I) (el Sbout
%31')%%{1?%(1 to surfaces to which the resulting

are applied. Preferred conpounds of Fornula

SR IELEL AN R CEN Vg e 20
@ehi2CH2O) v - (CeCiH@e)2); or RF OCFHCR2 (Cw H2w O) -
(CgH2 g )-. Also preferred are those conpounds of
Rdwerain ai2p0r PBrefadbBC wherein ¢ is 3 or 4, or wherein
Yis CHCH CH2 C(=CH2 ), C(CH3)=CH2 , CH=CHCH2 , or
CH2 CHEamiEHpr a lingsr er breaghed aley] grasptGdebepripddnds
wherein Ra is RE (CH2CF2 )d -(CgH2 g )-; Rf OCF2CF2

- ( ogH® yfrpm. T ierabepicticpie ittty 6)¢ 12@-( CgH2 g )-; or

R w%%%%o%&%ﬁ%‘#m@a_e 2SA,09E,2a1%1 ﬁc' ’aredprepared as discussed above
for Formulae 1A, 1B, and 1C except that the sulfonation step is omitted.
Compounds of Formula 2A, 2B, and 2C are also monomers that can be
polymerized alone or in admixture with other monomers to confer soil and water
repellency to the resulting polymers and to surfaces to which the resulting

polymers are applied.

Preferred compounds of Formula 2A, 2B, and 2C are those wherein Ry is
RACHCF2)d-(CgHpg)-; RIOCFCF-(CgHpg)-; Ry
OCFHCF20(CH2CH20)y-(CgH2g)-; or RFOCFHCF0(Cy How O)- (CoH2g)-.
Also preferred are those compounds of Formula 2A, 2B and 2C wherein c is 3 or
4, or wherein Y 1s CH=CH, CH>C(=CH»3), C(CH3)=CHp, CH=CHCHy, or
CH»CH=CHCH». More preferred are those compounds wherein Ry is
RACHCF2)d-(CgHpg)-; RIOCFLCF2-(CgHpg)-; R
OCFHCF20(CH2CH20)y~(CgH2g)-; or RFOCFHCF0(CyH2w 0)- (CoH2g)-; d
is 1, gis 1, Reis C3F7 or C4F and Y is CH=CH, CHC(=CHp), or

14
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is 1l gis 1l R is C3F7 or C4F and Y is CH=CH, CH2
C(=CH2 ), orC(CH3)=CH2. Also preferred are conpounds

wotolBoesed a 2B wherein Ra is CAF9CH2 CF2CH2CH2PGT/US2009/048204

C3F7CH2CF2CH2 CH2 and Rf is (CF2 )6F. The conpounds of
Fornmul a 2A, 2B and 2C are useful as internmediates to

S(ebarlbar Aisamrgferrpdr@ﬁerCﬁameancmffF@ﬁatll@e?Bswh@ra@t%mrsS
mFQ@thcegtﬂrzcmcxﬁecgf HCERICRICAIOM, 4R RPE (E6, RE
previ ously défined he present |nvent|on further

C onpr Thesompo®idd o Fofmelh LAr PBant e asuuieﬁalers betbdivd didte Ot
UI d.

risj ddin the i a,co
Brerpdhatiaf RA AR 2R 8oy, inaHighif LT RPESnule
\AaAdéB\aadﬂ@taypméVlap;;lHddatedons The surfactants of
Formula 1A |B, and 1C are typically used by sinply
bl endiThg puisent invensigl firrgher omatises a ragihecbefslsting thecmgface

%Ql&’av?&lb?gllﬁt %&ﬁ?ﬂﬂﬁ addi6 RIS BELAN &mqiou{%@ HITEbARIA A,
% ower surf ac??ﬁ)lglé‘(fll nt erf aci

f Qn%li“g ﬁi&%‘lﬁ?@ﬁ%oae inGWYIde VRigty o figns. The sur actants
C)lﬁﬂﬁlemtlﬁ an| QB§andE)(aﬁl’ﬁ|tﬁﬁcley wud basenfg bryiiag with or adfdlng
teration rovements, in t reperti 0
Teb R ot AP 4T R g stoey B REFRERK o o Fhutac
el B dnd Hgtypstalipildwaraifoce afd idiesﬁaeiabtiemiensi andIpropudedow
cﬁﬂgil Inﬁ@é‘]%)(coﬁ@%n%ﬁb E;Jawbﬁés {quce h nggtereﬁﬂﬁir include

bon suc | cations
sraplroaéleelrte ﬁsﬁhé PrepsTiics @l weéalgi, petletigeons GatcRéige, leveling,

oS 'ehiu%‘i‘ﬁfein%n Qa&ﬁﬂﬁ%sof%ﬁ%eﬁ%'s G H@l‘ﬁb@ r@ﬂe‘ﬂ@ﬁ‘dyﬂ Belcasing,
Er oducts tg [ ass, wood, netal brick

RS et ¢ al and synt hetic stone, tile,

t het .am t textil .
oat or Eapgple Bﬁsrc ?fnp%%?oﬂ?wﬁﬁfeﬁ%%ﬁrf%etgr?%érr {jgequired
e wieaoatamgicaypitshimns end aplsensynd ndneaqgeansd]faabrg meducnd
Q?éhnifols glapso %@g@etfaf%ﬁcﬁ\%ﬁémtef Eéﬁlé?ﬂ? 'turhleéﬁ%ll :xﬁﬁ*eﬁl@ggne

oss dgents oors, furniture,’ shoes,

gr la eyrshetiedlaoaing, lamettrsﬂgam&éﬁxtﬂaﬁyrqr@éﬁ il@w§umrr@ri QEher

Tsﬁésn Ebsitd eﬂilitﬁraf zﬁfd s%rﬁ{Hé% MHb@ﬂSﬁE&Q had ﬂl'bﬁ@s Red Bhlﬁtsd €s,
ci de uI ators,

f ? b hor ovvt h

PAWESY AR iaxos, fiRshes | ear%%%amg@ etiador Qe duinghtes,
SlereB} iaks,das autshotiobae] Yestinglafeat agphicsticns ifidudd Wetzeg s,
SRR b ORIt PSP QSN B
gmwthfrr:gulahlesparwqmipttld@satnsgcn@ldeﬁ, geengodeal ba\;mrlelc#@s,oduct S

h@&hﬂdgﬁe§ %@R)"B'Eb%d Eod%%ﬁa!n%rk%rfémh%&‘é‘ ”Eﬁerra ;gel%’s metic

I‘O ucts SUC as th eraﬁ IC 0]

srlf@%leéth% fB}Oé%ﬁh@mmlr fogel iswhssitutes, fexgirdrepiment hadsernddier
@ﬁrrﬁﬁgh@s pmpﬁlwaﬁonmqﬂ%amt&r@@dd@dﬂr ineRIdS @hafn@;ﬂio%)
BB S HRude e i B B Leh B praggutc o
staecaivp cetansandbstions.anbdmirwataiepellent cosmetic powders,
deodorants and antiperspirants), nail polish, lipstick, and toothpaste. Further
applications include fabric care products (such as stain pretreatments and/or stain
removers for clothing, carpets and upholstery), and laundry detergents. Other
applications include rinse-aids (for car washes and in automatic dishwashers), for
oil well treatments (including drilling muds and additives to improve tertiary oil
well recovery), extreme pressure lubricants, lubricating cutting oil to improve
penetration times, writing inks, printing inks, photography developer solutions,

emulsions for fighting forest fires, dry chemical fire extinguishing agents, acrosol-
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wo cnseemesls (for car washes and in autonmatic

removers for clothing, carpets and uphol stery), and
| aundry detergents. O her applications include

di shwashers), for oil well treatnents (including
drilling muds and additives to |n'prove tertiary oil

mel fire extgnasishyrs, dygkeaing agens gutoem|gglyripesphidifying or

t‘pblﬂ@ﬁﬂgnﬂe@ibliltw&éga 9h&>toie@15ts”@év‘é@eﬁeﬂ%£ﬂlg§ b(ﬂ’lﬁtléﬂs”@t@hmg
e el aper

|ngs rinting inks

Chmhot e dSkiPeisohe e it TR hap LRG|

preenssig, afid handdixp ofi gimisbndigtoagent dectaaids dht ypdadtanteof
tﬂr%s%ﬁjt ﬁl@gﬁt%n caﬂ Ib% kt?c%ré;qqat%@ %RE) groduf;tfs ?ll;artn ecltign fa? r

pht@ﬁoeglelg |as@ms leI@lﬁéB @préaoss ami @mﬁmg@pm’oﬂilm& @misas agtisthiiag

%%émﬁﬁir‘rﬂ Astic @ é’s h%%gﬁa& hREdrh %E%y é‘lﬁﬁs gfsﬁ'd%tveé Risber

act essi ng, |'i ng of

SERPEBHNICP B s PRbiesa] e, AhpRoL ypley U B4 BnTEI6Y ¢ he

ReeSRAs fonyaital &Bm@ﬁ’t@ (éﬁ@h D EREN Pla8ti€ Gr icBramidy). 0k S

th t hunctl on as]{s‘? %ﬁ ?(g gentstfor1 gsl ass tsurf
Aoyt ApHY P Y RS | ag Y "AEVRR AP AT ERSSERTS TP ehicy

aggmgtﬁow magigisrs, il nugxoaqjimnnelubmis wittiop pyent, plisstradng k

h d

qgén;fse%leaﬁﬁg %ﬁfnldﬁ}%rgﬁ tggﬁs as}{gag?r%égcgﬁréﬁ{)sﬁr#hlﬁnor?n

@(pitdf:@m a@h@n@lﬁp@mes a@ﬁ misreftislggentp| radping aidgyrinsing aids,

SE1i M Ladents UR BT ARRIsI GREIAB3GHE ahilb18AUS hééﬁ'tsn Bonding

agent s, ?g@(ﬂ%@a gents, release agents, repellency

ﬁ%ﬁ‘é‘ﬁ% §ndf3} anl?aésrs filmevaporation i nh| bi tors

tt t trati t |

Agent 4 e &fERe Figs L ieab i SR oSt S5 Fim e spgiel”

agémiﬁml pm@ym@hmrtesﬁoamhsmpmysmmmveal cﬂksanem fornobd &itclagentls,

BHJhP%orﬁg cl%é %rs 'tdra%lﬁ‘fgctél'tug erc%? éblfa n@%&ﬂ? Aha i Sk R fend

H@wmqngb%@% nT@ suaﬁadta@ﬁs lof fheeirelsech@ﬁtmwngre mulca@ epolsiyeng

Qéeﬁtsh%r BOERRMati Y BRiicQRrl B? ﬂ%l%ﬁldﬂ%ﬁlfefél aPRitck QBIM lizers, as
Con‘iFF‘i? agents_in_pol yur oans,. spray- on, oven

a8c agELIoy Suklic?r%ﬂ%elehoa?f‘an@%% siabikizetS A PLEaRIS PaFtles,

dhé pigh&@tsa rﬂnsh flaefoosPAct St Iag;ofL@@ﬁIBfor @ﬁ&rcttﬁhdaﬁéﬁrbd)re
t,r eat nent, .bat hs, ..The sur amaf%?,]]%ar resen

ARF SO HSIgP TSRS QI O TP RS %%é‘é‘ﬁ 1§ 1 Jter.
pol'y mar {oﬂqng&tra?gﬁ to% Pe% ﬂgh %b(ﬁlt Of ll‘ﬂd égrgﬁ?ﬂ)%gssthaﬁﬁbout

| atex s I'Zers

9i0l)cbnwsighpphion @énm@d@rﬁ Fetrawpa¢ ﬂéellﬁ orjlfoingheliguid is

RALLtve! %ns&]?lgntpj YRR BctaPdOR FBhHlﬂﬁ@?Mr f@cin@rl@ar@'h@eful in
al so usef ul ?}}ﬁir supercritical carbon di oxide enul sions

angdevarty of ‘b“f:aﬁ%l#‘éﬁa?%l cles or pignents in water.
Alo oncentr.ati | ess than about 0. 19
o eTRE P Pe iy %HHEHPOIBP%SE%CBVP@J%‘}‘%N% Fymya s

conmpound of 1Cint idis
ef fecti ve?{ &E@iﬁg 26 (%I%Cllfl{%%)"s%lrf act ant Is%‘e ]%§r nmul ae
LAerdiB» and 1C are useful in

Reis CcF(2c+1);

c is 2 to about 6, preferably from 2 to 4, more preferably 4; and

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

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

and v is 2 or 3. The compounds of Formula 5 are useful as intermediates in
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a wde variety of end use applications. The present
i nvention further conprises conpounds of Formula 5

wWRR@UBHIEES 2 O( CH2CH20) V- H Formul a 5 wher ei n Rf PCBUS2009/048204

CcF(2c+1 ); cis 2 to about 6, preferably from2 to 4,
nore preferably 4; and v is 2 to about 4, preferably

fasingrartiplly, flypsinated salfenaggsd spripctapts o froparéigulaio FpouHas of
CompuihRls arie il SRk IWE|LFhRlakts bEFSnRIlla fA, OB hid 2C agnd v
i S ug&o(f T@e conmpounds of Fornula 5 are useful as
PHTVEY fingd i nmaking partially fluorinated

sul fopat ed sur.fact.ant.s.. I n particul ar or,mula 5 .
conpoﬁﬁa 8“&?%‘ lﬁ%eélilﬁil qt‘frﬁheﬁﬁi Rg>8 &rpf%ccetb‘%ﬁ{ begrepgpian o @
campoéBdarfdiot@uiass previ ously defined. The present
invention further conprises a process for the

prepar at i on Bf ORFEEHOURE26H DIl a BorRruBCGEHCE
2Q(CH2CH20O V-H Fornula 5 wherein Rf is CcF(2c+ i); ¢
Meteil o about 6; and v is 2 to about 4, conprising
conta%gingd? conpound of Formula 6 Rf-O CF=CF2 Formul a
6 wherdi (2¢6)CcF 2 ¢ +i), and ¢ is 2 to about 6,
with a.cgﬁ?qyng of Formula 7 HO (CH2CH20) V-H Fornmul a 7
wher e’ ¢ 14 &0 hout 4. In the process of the

present. i Lgn the compound of Fornmula 5 is
prepa?é%2%§ggﬁégfeaction of a

E%Ehﬂﬁ%@&%%t&%aﬁr%gl{b%hﬁd’ bf F&lﬁﬁﬂa@’i thadiol in the

presence of an-a I nmetal conmpound. Preferred ethers

include those of RponulacHs - O ChrGhdilngerein Rf is a
perfl uoroal kyl of one to six carbons. Preferred diols

whetdingl R ¢ ti @F Q"%_,qg,&r@cy@mto aBhe 6di ol is used at about 1
to about 15 s'per nol of ether, preferably from
abthut compoondlbbborntula®l s per nol of ether. Suitable

al kali netal conpounds include an al kali netal, alkal
earth HO-(CHCH20)y-H Formula 7

wherein v is 2 to about 4.

In the process of the present invention the compound of Formula 5 is
prepared by the reaction of a perfluorohydrocarbonvinyl ether with a diol in
the presence of an alkali metal compound. Preferred ethers include those of
formula Rf-O-CF=CF7 wherein Rt is a perfluoroalkyl of one to six carbons.
Preferred diols include diethylene glycol. The diol is used at about 1 to about
15 mols per mol of ether, preferably from about 1 to about 5 mols per mol of
cther. 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 of from about ambient temperature to
about 120°C, preferably from about 40°C to about 120°C. The reaction can
be conducted in an optional solvent, such as ether or nitrile. The process is
useful to prepare alcohols of Formula 5 which are used to prepare derivative

compounds, such as surfactants.

The surfactants of the present invention of Formula 1A, 1B, and 1C, in
many cases, require less tetrafluoroethylene in their preparation when compared

to conventional fluorosurfactants made from Telomer B alcohols. While
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metal , al kali hydroxide, alkali hydride, or an alkal
am de. Preferred are alkali metals such as Na, K or Cs

woeolalobmski hydri des such as NaH or KH. The r eaPCT/08200%048204

conducted at a tenperature of from about anbi ent

tenperature to about 1200C preferably from about 400C
{Sradyeioethyiog mayTeaised Hethr B Perionisd thoRa bl adrohal an

PRICLABA! wikl R ERYGi) RIOOF @itrile. The
At b oot ST Lo P

QH((EBQC@NH (CIHe 5 utfraftioasdtisyl adc it het gthesastiused in the
Pe g&ttlog t’ég}p chfé lf'%‘on%Eaa I%an 09 1 gr SR miA ’2B or
e S S u

urre or oe ylene e|r preparation
\BJEe ot heparfedants of m\mvﬂenmmntfommwﬁtha ftemesis merdeced

Eﬁfh"ﬁtﬁ&'a@&ﬁg %ﬁné‘ﬁcﬁ%}@c% ﬁ)WBd' t@'ﬂ?ett&glfchlal%"r@ﬁ ngéfﬂrﬁo%yof 1

81 %‘g Sqiggl‘lrsglnfm@wtqw g{g el( (irpgn trxdasigraCF {n@g%ohOlS( ISO)less
RitAbbketths 1 b GHRCHRZONphr&iriioh-of cbin gfuﬂa‘s QFFbleuld 180 O

Pl Gt agf%%#\@ Pangb el ﬁétcoagﬂélﬁgfh& N g

prepa |on ounds, .0

or of or i eﬁko%%gngr% Vlon tﬁ ﬂl%qr% X}g?ealg tnéo c%e; &?1
ooEgi@rit lowm/m@ponmn of drrerind. Conschuontyi inendny caegslthe ed
%&&taﬁbgfthggj@g&t Uiy AR IR ore SABRAL fficid IR nlanpi cal

pertl uor oal roup 20 carbons in
soveatonah syt f% nﬂwam qfﬁ@ﬁ%ﬂy Teme thasbility dp ypesa

ﬁﬁnﬂnaﬁﬁ aﬁ@hﬁt&ff'ﬂdl@f&ﬁélmda%%blltz%n uagﬁrdgrsuﬁb@ef &}f:&pa;r iat ion

c ounds. of an r. or a
St SRR B sieS utming ety By Spiip DpyCrgienpgunee
kieg tienanmerlevaboéflu@snda: epl aci ng tetrafl uoroethyl ene in
nost cases al so contain a Iovver proportl on of

fluorine. Conseyndiy pll ®BE surfactants
of the present |nvent|on are m)re fluorine efficient
than A ;foltqyﬁv& atsiad andungthedsarirs us@yin the Epyppies herein.
eff|0|? is nmeant the ability to use a m.n

armount bIonmeRPIEaRie #NE MOTEHI GERTAPHINGS HEL qtéﬁn%cmi?@c e

SigrﬁkGIAIdIEChS(levaﬁﬂ(a@WIp aepeyct iveithounb@ifiagph.i €hlest @ncluded

TR 0 e o R R R PR A

fiold) wamiony amhy dideatisracomic adtyldods, tnmfghuamﬂnq arid, higsans- beta-
R R O e B e R

W) a@@M@%@)U\‘SLQOHEtyP&’JCE | wgl%51d¥h§§seallhﬂ€|f1‘69‘@ﬁreghnger
rral ei c anhydrl , sodi umhydriogen sulfite, toluene,

nb"%lfi?éﬁémsul fonic

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

DOWANOL DB: 1-butoxy-2-cthoxyethane is available from Dow
Chemical Company, Midland, MI.

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

The following fluorinated chemicals are available from E. 1. du Pont de

Nemours and Company, Wilmington DE: Perfluoro-2-methyl-3-oxahexanoyl
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acid, itaconic anhydride, citraconic anhydride,
trans-gl utaconi c acid, trans-beta- hydronuconic acid,

w@rdoooises routi ne conmpounds enpl oyed in the EREIPERS9/048204

SI MULSCOL SL8: octyl/deceyl polyglucoside is avail able
from Kreglinger Europe Ant wer Bel gium TRI TON Xl OO
fimoxidg: Pepbtoye ,p\éllnyh@qnﬁ;ﬁwa% uqrepraPyivingbptler;
faﬁ@mﬁwmrméﬂﬁquwd@al nt Louis, MO DOANOL DB:
| - but oxy-2- et hoxy ethane is avail able from Dow

The M ltadinConpamted dMeeiadidwetd prefbKANEdi3oBd bEIGW: S
1,1,1, 3, 3-pent af | uorobut ane i s avail abl e from Sol vay

Fl uor mﬁgcmﬁm?b‘m@4H“¢ICHEE@2ﬁzdIW@mm9aﬂenumrrseamangd
GOAMTLEMLR ARl R L OB o doscriba B Banflfic NG IRUT o

Peythesdy Qﬁéumawil Tdomsshéhholalemerdretige of Vinylidene

@ﬁfoft*ﬂd@%l@l%ﬁﬁorbélﬁy%dld\c@) ny! FARASRe Chier I(@l@sr)1 70(2) 215-23.
rfl uo opr opyl Per f | uor oet

n et er an
THaPERSL ierRionaslig %?ysr?@e pplabid 'Wag@aweﬂé#ﬁtelérlgnmr e !
r epar at ed bel CAE and, .
?:4;3( RS B F Al oL P s B ek brha g By vinyl ether
péthfibdiae oblotigté andblijdieflarit acidwyith tere tfiflueidocs aastalyst as

ggﬁscgﬁ,g@ggv%y ?g}%‘a&%z Bbgalag;'oS¢nt hesis of Fluorinated

oners | onerization of Vinylidene

e VTLEE - tlb[egsea%grhéﬁ@ 'b?ﬁ'lelﬁﬂtlclapghéj&l% n\%entra’t:loﬁ QCM@ and

Chem (1995 215-23. The speC| ic telomer
TW%@GJF%SW%B‘FY@%@MQ fractl onal distillation.

C3F7 CF2l was ared reactln erfl uoropr opy!

vi nyl ’E A e C%&E?Péls EHi ?Iﬁéo%ﬂﬂg%‘gﬁf%‘?qaﬁ‘&?& &t %0&5
wicigdht percertts i mN/marsmga KRaisaKa atlahyisine@s (foas KrudddS by
RBEIFENE: Coronnl Ep af Tl Ptre BTN TRAR hsichest
@ﬁh@%@aﬁﬁ the Surface Tensi on beyond CMC. Surface

tensi ons of aqueous surfactant solutions were neasured

at varlihegstigaingpellorepeayagon (CMIK) is dfingd agtheroggeenkgatign at

T aRLRH cohéAatfd T skiPhbtarfeRch@iltyeno Naper re@BRAMNdS
ha |n the | st Sur&ﬁﬁi tens%gn have .t he hi ghest
& %Pc?t frEde e’f‘l"}@“’&f‘r dhe $HTRsE (@S 10B At RRPYLR 453 function

()EME)"act@t defcenedioas Subfaccensents e plotted (abkdieda) vs. log
Lncre

Iconc&nﬁratl (ﬂneﬁg)t f tellrosg1 ?}% of ceu?]'\lis‘g Izl)aﬁscat an}rlaefs)lslzeonttalal |
rorccy traticas dighentian thd EMéeasiraed regatavefstasptsiopn at
concentrations less than the CMC. The CMC is the concentration at the
intersection of the extrapolated steep slope and the extrapolated near horizontal
line. The Surface Tension beyond CMC is the value in the flat portion of the
curve. The CMC should be as low as possible to provide the lowest cost for

effective performance.
Test Method 2 - Spreading on Cyclohexane
Test Method 2 is adapted from Stern et al. in WO1997046283A1, wherein

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

dense flammable liquid. When the surfactant solution spreads across the surface
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wab@oneset ti ng curve has a nearly horizontal

of surfactant concentration. Surface tension is then
pl otted (abscissa) vs. log concentration (ordinate).

concentrations higher than the CMC and has a negative
steep sl ope at concentrations |ess than the CNC.
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and oawardly arswahlredibi 1044 td thSoutdcABPbeiR-Petd disheThe timer
surfact&nt solution sinks into the flammble |iquid
ratrng) no barrier bet ween air and fl anmmabl e
i qui es sur o] S
or apas 0BT ER bRy gL S SH AR SO Sl
avmcdiatdlyi dreérurv émc)yclohyzehn@ clarfbopeomiiag tﬁa*ntule(twms Hbe
%M%Ol%&l erere Rl'ﬂ_@%‘)gn% &fa%e%lfﬁle%%cﬁﬁ&a\ﬁg without
redi ent) car ? of
a inge Ip ﬁg@cémr&mng fRRU IR IRy therwFiacignt spreads @%;rprsl th%n sh
burdoc D €D EicRiiek i) "IW@$1nfd \Jvzltserﬂ)t@b@lcﬂén ﬂh@ |ef<teﬂ9(yf theé tfredding
of c cl ohexane. Ang rface %ﬁ h
"ljtlre&ﬁ@f AR SRAGOR 8REFY srgr S RISBGEE Shrsvdeag the
tR@ntofahobirfaee soafragedkli00% hatahatfpoua ves uedoadddadth excellent
[
g&‘r&%ﬁé d&%u?a‘ﬂ{o@ %@ﬁ{rﬁac%{ é’dlut?o% Qg{dﬂ spbéal?ilg %%\@%se{he Wattre
Wréacevenrﬁ ther cy@foh@h@epém ﬁxceﬂrz@tlpeafndnmrgtfomldatwal tba glmat: was

n8di &lhehicR@nt OF thd §pr@é’c{1§§ o LMY QuiPdctd %olﬁﬁ&ﬁ ﬁrs@' b&VbredIfhg

s started. I'n poor performng fornulations,
FW€E§Hﬁqﬁﬂﬂgﬂﬁ)solutron "si nks
EXAMPLES
Example 1

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
mL), water (2 times 30 mL), sodium hydrogen carbonate solution (0.5N, 20 mL),
water (30 mL), and sodium chloride solution (saturated, 20 mL). It was then
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I medi atel y" bel ow the cycl ohexane. In fair performng
formul ati ons, the surfactant solution nerely "fl oats"”

worowheesur f ace of the cycl ohexane without si NRCTYS20091048204

good perform ng fornul ati ons, the surfactant spreads
across the surface of the cycl ohexane. The tine was
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€xEeOICENCF peaNGHAGHHGHUI at i ons, the surfactant
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t he cychottexaiealdinagyclede €h60 ped.1 ormolng f or nul at i ons,
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faiab sepmrasedvars ewashied waiht thvohyabhigh b6 Yocsodpingbicarbemte 30
ot RS c&l%omwa%%%)@ e%ac%ts @e%gdgﬁumww %%g&&@ﬁﬁ%ﬂ&hﬁn

sol ution éo. 5N, 20 , wat er % sodi u
spifse (MeSQa) rd then fodyang M demod by rptary gvapgeation. The
i BIgRe t@n ¢ent rg;;as Ed%?fi@ld,.d@(i% Putify) Vas ubdly 2desy MR atd
e era e 0 Ve S | , |

o30S ReBE St eridaftad R CrAg R adt o
SH=EH Q) OHY G H e HCE0)-ICF (CF3)0C3F7.
N- (perfl uoro-2- net hyl - 3- oxahexanoyl ) - 2- am noet hanol ,
E3ample@CF(CF 3 )CONHCH 2 CH2 OH. A nmixture of maleic
anhydride (0.60 g, 6.1 mml), C3FyOCF(CF )
3) CONHrmaA2hig) wasingrodycedripn auteelapaeladeekswilescr i bed
@Qggteh O3t (zgg%sﬁf@ul(#pﬁht@nafa (g JYDIN qhu&fea&tﬁr 1 &t dPat @U0°C

n ol ue Was . S rre conLl nuQus an(
bl N nﬁ@rﬂfﬂ%%?ﬁ@é isomtqilafg@%}wmréﬁttll@ﬂﬁ%f%mrw was
EqugCHiz aEdCalb CHb1.0 Guirting apﬁrrm@icwehm) s lad duat s:ld)wlg'?a/(ﬁo
Q e azeotropl ca ° e 0

o SEPCHRT LPIR AR BERR RN RS AL KO B84 Bl s
(¢aCtivByv asasenichécewith ccestoddv] Hhvet7eDap$ @3 pareounsalhtéon and
digsd 895 -ENSr §.f%' H¥luk QTR tﬁﬁﬂ@%}ftv@g s@RFaRd LARGLGRL AWl

t wo \o/vashl ngs of 5% sodi um bi car bonate sol ution. The
dB B mescorsgRdiuE asetdtaprddigdlicd tamreddover anhydr ous

REHEEHUWFH CHYCH)OH bp 54-57 °C at 2 mmHg (267 Pa).

The esterification procedure of Example 1 was used to make
Di(1H,1H,2H,2H,4H,4H-perfluorooctyl) maleate (7.76 g, 95% yield, 95% purity)
by the reaction of maleic anhydride (1.07 g, 11 mmol).
C4F9CHpCF>CHyCH2OH (7.13 g, 22 mmol, prepared as described above) and
p-toluenesulfonic acid monohydrate (0.21 g, 1.1 mmol) in 50 mL of toluene at
111°C for 40 h. The pale yellow product was analyzed by lHNMR and LC/MS
to confirm the structure as C4F9CH>CFpCH2CH>OC(O)-CH=CH-
C(O)OCHpCH,CF7CHpCyFo.

Example 3
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sul fate (MgS™ ) and then tol uene was renoved by
rotary evaporation. The yellow oil (3.12 g, 61. 9%

wQ 2@ba92620% puri ty) was anal yzed by HNVR and LEY1VBS1009/048204

confirmthe structure as C3 F7 OCF(CF 3 ) C(O) NHCH 2

CH2 e O)OCH 2 CH2 NHC(O) - CF(CF 3 )OC 3 F7
Ex g%lnée@ (Ep %;%ﬁ %éltlpégcegi)to %aglﬂggka%@ élaﬁ(éé?ﬁ ‘{\’6% an
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%e r %f?el\é?‘gde%gt%r.aﬂkfﬁ? Hl%oﬁ&l(B'EﬂL?rbna?dtonl%ﬁé Sdrlic £2d Q09 ¢)
r 0.5 hours. The bottom|ayer was separated and
weshaddlediapd thegnixzfws sidebits’Os écfpuﬂ#é@evrét &thyih dormate and
dihst hlcbiasl wele Rinvicd 8y GftifgGmt o (@ CHaGe G dagt. Fhe2fullC
ST 28T 0% £ ST 1504 Q0. BLOTSHIR Sl
Biafdr lind biad,i2 Hird Hnd idriod ok tuoagesingd Julfoad. dis@llatidn porgded
3%%#@3 Cap SR MYt OY I PR BV B Fs b C a0 2
e iy @66 $2). nmol , prepared as described above) and
[/ ?-toluenesul foni c acid nonohydrate (0.21 g, 1.1 mmlb‘z%h
| n 50 MAlcisAnkysIrdeRROae. 6.1 000N e 4k HoC Pt T3 Kl i
pf.gwgft.swsoaﬁgdly garbwé%mm@%ob A b%om%nﬁQMﬂiﬁ atitihe
Stru re -
Bttt B o eh e Sl ot oSG e kel lpeclgsand
hodtedaucdx ol IAC Hort 48ch.aVkee whek-gieovasbdrticCARMs GHECHAPRI 1.
. () -bir . ol .
0% Feshin M F RGN Lo i, 300 f oL PRES ety zcd
bsgﬁalﬂkfﬂi wyd Lad\dBite eindiriml thestrunture ¢s prbotHeCEACHLCF)-
] CF2
g{&%o)( 10 g, @)89?0?‘;@%%@*@”2?%?2% anmi de (8.9

WxkmplR.4L5 mol) was heated to 150 OC for 26 hours. The
m xture was cooled to 100 OC, followed by the addition
of wallgF70CFs€par doe gt 024 eridlpandesinesyl petdxyde @lgyohed (3
a -tol uene sul foni.c aci 0. 09 wer e added
Ahire T kUG Wi Mo’ Oy St BB M ERbey,
oy stencandagthoy lexeduswle HS0E€ and ethylead (bY/2.d).64 inbDatdson
bR RV BT A& 1 RQHMELd fof P8 hETMHE 10 °C. The autoclave was
cooled to 0 °C and opened after degassing. Then the product was collected in a
bottle. The product was distilled giving 80 g of C3F70CF2CFpCHpCH>I in 80%

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
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

sulfite, water, and brine in turn, then dried over magnesium sulfate. The product
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waleiiedoweer magnesi um sul f at e.

product was dissolved in ether, washed wwth 10 wt %
aqueous sodiumsulfite, water and brine, in turn, and

the product C4 F9(CH2CF2 )2CH2CH2OH (6.5 g, 83 %
yield): bp 94-95 0C at 2 nmlé% 266 Pa). Maleic
Atk yheni didilied (e givg 198 g of sbrPCre Fpg 26D incpYeopgld.
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infL. dfwiter, tahé thigimiierdreovarexragog siithrd s 200 aleof didikyl ether in a
R Rty 2R D 8 ey T o R FRSSG, s
werccttatzd in@cab on@ rataryHeyapsaBs tPgive adigid(1180 g) 'HNMR
! @Bg@l#, EnPana ?s"(giJ $as %h%t%&ﬁ shd¥ildel SmaAna: 8¢
(0.66 g, 6.8 mol ),~ C3F7OCF H?CH2OH (4,46 g, 14
dieohy lersradyeal e dhiagnaderia) miap disseled i [ S0/mL 10% Aisehyd sther s ¢
AktrsLtADRPRAYRAER B x (190 33.)3n aQe@BatoPfuhn@Ndhe cther layer was
dried over MgSQy, filtered, and concentrated in vacuo on a rotary evaporator at
high vacuum to give a liquid (99.1 g) '"H NMR (C¢Ds, ppm downficld of TMS)
shows 97 mole% desired mono-PPVE adduct: 1.77 (broad s, OH), 3.08-3.12 (m,
OCH,CH,0OCH,CH,0H), 3.42 (t, OCH,CH,OCH,CH,OH), 3.61 (t,
OCH,CH,OCH,CH,0H), 5.496 (doublet of triplets, “Jur = 53 Hz, *Jur =3 Hz
OCF,CHFOC;F7), and 3 mole% of the bis PPVE adduct: 5.470 (doublet of
triplets, 2Jr =53 Hz, Jur=3 Hz,
Cs;F,0CHFCF,0CH,CH,0CH,CH,OCF,CHFOC;F;) The other peaks for the bis
PPVE adduct overlap with the mono PPVE adduct.
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tol uene (501.) were m xed together and refluxed for 50
h at 112C. The pal e yell ow crude product (4.12 g,

W@20148926299% purity) was anal yzed by 1H NVR anpCT/CS/048204

to confirmthe structure as C3FyOCF2CF2CH2 CH2 (O -

CH=CHC(O)OCH 2 CH2 NHC(O 3 F7 Exanple 5 In
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or . to give
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For | A e e e P PG RS
sersrtion of thododides was mgres; \ﬁlﬂaﬂﬁwthkama@né@ (YMFg2713 rnL)
BR®@hgdated to 150°C for 19 h. The reaction mixture was washed with water (4 X
500 mL) to give a residue. A mixture of this residue, ethanol (200 mL), and
concentrated hydrochloric acid (1 mL) was gently refluxed (85°C bath
temperature) for 24 h. The reaction mixture was poured into water (300 mL).
The solid was washed with water (2 X 75 mL) and dried under vacuum (2 torr,
267 Pa) to give a solid, 24.5 g.  About 2g of product was sublimed. The total
yield of oligomer alcohols C,Hs(CH2)p[(CF2CF2)(CH>CH»)].OH wherein k is
a mixture of 2 and 3 in about a 2:1 ratio was 26.5 g.

A mixture of maleic anhydride (1.74 g, 18 mmol) and
C,Fs(CH2)2[(CF2CF2)(CH2CH?)J.OH (6.26 g) were stirred continuously
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C3 F7 OCHFCF 2 OCH 2 CH2 OCH 2 CH2 OH (4.5 g, 12 mmol,
prepared as above, p - toluenesulfonic acid

worenohysenate (0.12 g, 0.61 nmol) and tol uene (BCMIP2009/048204

were stirred continuously together and heated to
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wat er ried under vacuum (2 torr, 267
b 506 Fi L CONIG HEC s g o Pepassdcts detiin
sbible),RebluchB&ulfodicddcid monohydrate (0.11g, 0.60 mmol), and toluene
(50mL) were stirred continuously and heated to reflux at 111°C for a period of 25
h. The toluene was decanted off to leave a yellow, viscous solid. The product
was firstly air-dried and then placed in a vacuum oven for 2 h. The product
(3.62g, 72.4%, 65% purity) was analyzed by 1H NMR and LC/MS to confirm
complete conversion and the structure as C3F70CF(CF3)C(O)NHCH>CH»>O-
C(0O)CH»C(=CH2)C(O)OCH,»CH»-NHC(O)CF(CF3)OC3F7.

Example 8

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
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above), p-toluenesulfonic acid monohydrate (0.11 g, O 60 mmol) and toluene (50
mL) were added together and heated to reflux at 111°C, with continual stirring,
for 40 h. There were two noticeable solid materials present within the toluene
solution. The pinkish solid was removed and the white solid was vacuum filtered.
Both materials were analyzed by LC/MS, which confirmed that the pinkish solid
was the product and the white solid was unreacted alcohol (1.22g). The product
(2.98 g, 59.6% yicld, 65% purity) was analyzed by 1H NMR and LC/MS to
confirm the structure as C3F70CF(CF3)C(O)NHCH2CH>OC(O)-
C(CH3)=CHpC(O)OCHCHpNHC(O)CF(CF3)OC3F7.
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h. The tol uene was decanted off to | eave a yell ow,
vi scous solid. The product was firstly air-dried and

wo b@an/opdéated i n a vacuum oven for 2 h. The pr oPCI/US2009/048204

(3.62g, 72.4% 65% purity) was analyzed by 1H NVR and
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ether 50 nL) was added dropwi se to keep the reaction

lure bel ow 25C. After the addition, the
reaction m xture was stirred at roomtenperature for
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10 wt% aqueous sodium acetate and distilled to provide
C4F9CHpCF>CHyCHpOH: bp 54-57 °C at 2 mmHg (267 Pa).

Trans-glutaconic acid (0.87 g, 6.7 mmol), C4F9gCHpCF>,CH>CHOH
(4.37 g, 13 mmol, prepared as described above), p-toluenesulfonic acid
monohydrate (0.13g, 0.67 mmol) and toluene (50mL) were stirred continuously
together and heated to reflux at 111°C for 24 h. The work-up procedure was
carried out as in Example 1. The resulting white solid (2.52 g, 50.4% yield, 80%
purity) was dried in a vacuum oven and analyzed by IH NMR and LC/MS to
confirm the structure as
C4F9CHpCF>,CHyCHOC(O)CH=CHCHC(O)OCHCH2CF>CHC4F9.
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4.14 g, 81.5% yield, 85% purity) was dried in a vacuum oven and analyzed by
IH NMR and LC/MS to confirm the structure as C4F9CHpCF>CH>CFpCH7-

CHp OC(O)CH=CHCH>C(0)O-CH2CH>CFCH2CF>CHpCygF9.

Example 13

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
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

heated at 95 °C for 0.5 hours. The bottom layer was separated and washed with
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Example 16

The maleate, prepared as described in Example 1, (2.62 g, 3.2 mmol) and
isopropyl alcohol (IPA, 31 g) were added together at 50°C until the mixture was
dissolved; about 10 minutes. Aqueous sodium bisulfite (0.17 g, 1.6 mmol) was
dissolved in deionized water (8 mL) and added dropwise to the isopropyl alcohol
solution, which was then heated to reflux (86°C) for 26 h. The isopropyl alcohol
and water were removed by rotary evaporation followed by drying in a vacuum
oven at 50°C to generate a viscous yellow liquid (1.70 g, 57.6% yield, 75%
purity), which was confirmed to be the diester sulfonate by IH NMR and LC/MS
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&Exawple 18The reaction was sustai ned at 700C for a
period of 34 h, during which aliquots were taken for
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and spreading on cyclohexane by Test Method 2, with results shown in Table 3.

Example 19

The maleate, prepared as described in Example 4, (4.10 g, 5.5 mmol),
isopropyl alcohol (31g) and aqueous sodium bisulfite (0.28 g, 2.8 mmol)
dissolved in deionized water (14 mL) were stirred continuously for 18 h at a
temperature of 82°C. The white solid (3.36g, 71.9% yield, >95% purity) was
collected by rotary evaporating the isopropyl alcohol/water solution and then the

product was dried in a vacuum oven. The product was analyzed by 1H NMR and
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CH( SGB8Na) C( O) O- CH2CH2NHC( O) CF( CF3) OC3F7 . The product

\Eaamgkcaz uated for CMC and surface tension beyond the
)éTest Met hod 1; the results are shown in Table

Ex divpiealenie, Praparedias dewribpd apErasepla§, dexics.iSpbeinioh) and
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were stjrred_conti nuousl ether. The te
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&Jﬁﬁf% oyl pl%ldﬁ&h%s/ a‘P@BI%d Whﬁtl\iﬂ\qﬁ' andNS/MIB! dSh A B Eructure
as C,FsCH,CH,[(CF2CF2)(CH2CH,)]xOOC(O)CH=CHC(O)O-
[(CH,CH,)(CF,CF3)]KCH,CH,C,Fs, wherein k is a mixture of 2 and 3 in a 2:1 ratio.
The product was evaluated for CMC and surface tension beyond the CMC by Test

Method 1; the results are shown in Table 2.

Example 22
The itaconate, prepared as described in Example 7, (3.60 g, 4.3 mmol) and

isopropyl alcohol (31 g) were stirred continuously together. An aqueous solution
of sodium bisulfite (0.45 g, 4.3 mmol) dissolved in deionized water (21 mL) was
added slowly to the solution and the temperature was raised to 82°C for 23 h. The
isopropyl alcohol/water was concentrated to leave the yellow gel-like product
(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
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yellow liquid was dried overnight in an oven to
produce a white solid (6.96 g, 78.8%yield, 98%

weeoriongle2and was then anal yzed by by 1H NVR anpCT/CSE/048204

to confirmthe structure as CAF9CH2CF2CH2CH2 OC( O) - CH2
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sul fonate and the str e as
eeeey a@tu? yeg Ry EfobE FErargy hemg?llzon was
ma@dwmtad wes cevfat 2@h eqthé mlu@@wambxﬁelﬁtfaa@deaﬁdaw ficeable

PSRt OB, e bR BF a'a}gﬁ'w%% HohbintHRohs 63 Fiblgh"
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1@5#@5@ §£§ g opﬁ%@ﬁlege?‘i&%' { &}aﬁé 1?155 ro Eﬂ'&é].gl and

Bise i pviates and thoalgohop was plye simi arly tested The results indicated that
the product was soluble in water but insoluble in isopropyl alcohol, and the

opposite was true for the alcohol. Therefore, if the impurity layer contained some
alcohol this would be removed by filtration when water was added. If any of the
starting acid remained this would not affect the surface tension results. The
bottom layer (2.62 g, 78.8% yield, 85% purity) was analyzed by IH NMR and
LC/MS to confirm the structure as C3F70CF(CF3)C(O)NHCH>CH»>O-
C(0)C3H5(SO3Na)C(0)O-CHpCHpNHC(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
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di ssol ved in deionised water (14 nmL) were m xed
together and refluxed for 27 h at 82C. The i sopropyl

wa@bkaokhadezmas concentrated and the white sol i d PAT/WE2099/048204

87.1%vyield, >97%purity) obtained was dried in a
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be@Viafdch eengnl RVoitElhe IANI€ bRrRgUBlethod. 17 theGesude aldn Table 2.
yield, 75%purity), which was placed in a vacuum oven

exempied??t anal yzed by H NVR and LC/MS to confirmthe
structure asC3F70OCF( CF3) C( O) NHCH2CH2 OC( O C3H5

( SOBNIhCSH@N OBk cORie, MrHa@) dCF(dCerdejl OCESarkjle. 12THe0S g, 4.6
e A T T

pia bpsulfate 0.3 hze AQimvgo Wiss9la b d Hedcagrazashwaterst] 5 vk hes
2ddad drBpwRS W the sshavh ardthEMakBirdwas heated to 82°C for 23 h. The
yellow solid (3.94 g, 86.3% yield, 90% purity) was collected by rotary
evaporating the isopropyl alcohol/water solution and analyzed by IH NMR and
LC/MS to confirm the structure as C4F9CHCF2CHpCF2,CHoCHpOC(O)C3H;5-
(SO3Na)C(0)O-CHpCH>CFpCHCF2CHpCyqFg. The product was evaluated
for CMC and surface tension beyond the CMC by Test Method 1; the results are
shown in Table 2.

Example 28

The maleate, prepared as described in Example 13, (4.20 g, 9.4 mmol) and
isopropyl alcohol (31 g) were heated to approximately 50°C to allow for the solid

to dissolve in solution. Aqueous sodium bisulfite (0.99 g, 9.4 mmol) dissolved in
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Exanpl e 23 The itaconate, prepared as described in
Exanple 8, (2.00 g, 2.7 mmol ), isopropyl alcohol (31

wa@o1anakeafjueous sodi um bisul fite (0.28 g, 2.7 PODUY2009/048204

di ssol ved in deionized water (14 nmL) were refluxed for
22 h at 82C. The white solid (gre0|p|tate%
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op rogé %}cohq! and also in water, and the
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cothtrasulis ghewmm “édttdc; amndtspmdmgmnctybl@hﬁm\be& ebtyMethod 2,

f\xh!htrés'jlﬂﬂs‘gﬂowﬁﬁ{‘Té{@&@r was added. If any of the
starting acid remained this would not affect the

gg&&ggeﬂﬁen3|on results. The bottom | ayer (2.62 g,
oyield, 85%purity) was anal yzed by 1H NMR and

(L:gl:g/ﬁ“ﬁe&nc%gﬁlﬂieg&l\l to€pasdd d$dh mxenég& 15 (5.78 g, 7.5 mmol) and
OB e B S RAE S e Bk hsptsd to 6006 oy S riputes.
via® leioal afabdidnf lwsul DMT08E, S Ur hmod disabicdm d)@'ynin@ti whter (37
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e cltraconate, prepare escri
BRAQEHe 0_1_1@ Theisqgrogyl a:kco@o}ﬁyg’qey solution was rotary evaporated off to

leave a colorless gel product (4.26 g, 65% yield, 98% purity) that was analyzed by
IH NMR and LC/MS to confirm the structure as C4F9CHpCF>CHpCHOC(0)-
CHpCH(SO3Na)C(O)OCHpCHp(CFp)gF. The product was evaluated for CMC
and surface tension beyond the CMC by Test Method 1; the results are in Table 2.

Comparative Example A

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

anhydrous magnesium sulfate, and concentrated to remove the toluene at 140.30
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and i sopropyl alcohol (31 g) were m xed together at
500C until dissol ved; about 10 m nutes. Aqueous sodi um

wheeEolobice® (1.54 g, 14.8 mmol) was di ssol ved i PCT/US2009/048204
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andltsurfﬁ e tegﬁ?lon beyond the CMC by Test Method 1;
e §%r§l§ pen g dablyItapie 2. Exanple 27 The
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tﬁ% ‘P&thfn%%n% Qs fiftsied Mot e the 118 s bEF BLdisy185 R x SN
that Was produced as a by-product and then washed with excess tetrahydrofuran
(50mL). The tetrahydrofuran and CH>Cly were concentrated at 378.14 mmHg
(kPa) and 46°C) and the product was dried in a vacuum oven for 3 hours. The
product was analyzed through IH NMR and LC/MS, which indicated the
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
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.
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Exanpl e 28 The nal eate, prepared as described in
Exanple 13, (4.20 g, 9.4 mmol) and isopropyl al cohol
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product was eval yated
the contents were heated to reflux at 82°C for 22 h. The white solid product

resulted after the removal of isopropyl alcohol/water solution (0.98 g, 55.8%
yield, 99% purity). The product composition was confirmed by !'H NMR and
LC/MS as the sodium salt of di(1H,1H,2H,2H-perfluorohexyl)) maleate-2-
sulfosuccinate. The product was evaluated for CMC and surface tension beyond
the CMC by Test Method 1, with results shown in Table 2, and spreading on
cyclohexane by Test Method 2, with results shown in Table 3.

Comparative Example D

Ethylene (25 g) was introduced to an autoclave charged with
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
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and surface tension beyond the CMC by Test Method 1;
the results are in Table 2. Conparative Exanple A

waomlieioa26ahhydride (0.63 g, 6.5 nmol), PCT/US2009/048204
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91‘}([1‘eord?llcgcp tThe vessel was heated for 24 hour at 110 °C. The autoclave was
cooled to 0 °C and opened after degassing Then the product was collected in a
bottle. The product was distilled giving 80 g of C3F70CF2CFpCHpCH>I in 80%

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
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
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The resulting mxture was filtered to renove the

traces of 1, 3-dicyl cohexylurea that was produced as a
whygeipoasett and then washed with excess tetrahpdr/os200amms204

(50m.). The tetrahydrofuran and CH2CI2 wer e
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Qﬁﬁmarre%log@ bcapFeCE, vl e)(q Hzgdﬂ(si@ Na,)t;fizcgﬂ d[Ho-

mﬁflz‘#@fg@@ Lﬁh?%fiuc yya% S L&ied(f?) Crdepd e%r?%e

Ichsonrirpdnd tho MO Ibydivst Mbhadil) theeealth est shdwhan Meble (2x
for 8 h. An additional anmount ofp- TsOH (3.4 g, 17.6
fable)l whsmpdase Ekeepled ad BirfacefTension M@sm@m@mson was

ol

tirredoverntght t—roomtenpera Th
WNCETWATAE] wi t h eRﬁyI acetlat e (58671_) and Hed “Surface
Fhrie@MilSres with brine (25QmL each). The [cOWBPred Tension
extracts wegre washed with a further washipng of |eb@ypnd CMC
cetate (3Q00r). The conbined organics were driled ((%¥m)
athmgr BxisA NgSq 4 Ggltd 3concent r at-€Hxt@GHyi el |[d0&24 13.8
(SO3M)-
Comp. Ex. B CeF13 -CH»-CH(CHp- | 0.068 16.3
SO3M)-
Comp. Ex. C C4qF9g -CHpCH- 0.26 17.1
(SO3M)-
Comp. Ex. D | C4F9CH>CFpCHp- | -CHpCH(SO3M)- | 0.33 18.0
CH»- CH>CH»-
Comp. Ex. E | C3F70CF>CFpCH3- | -CHpCH(SO3M)- | 0.88 20.8
CH»- CH>CH»-
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colorless oil (85.8 g, 80%yield, 98% purity). The

structure of the product was confirnmed by 1H NVR and
waaivBozes di (| H, | H, 2H, 2H- per f| uor ohexyl ) mal eaP@T/US2009/048204

D (I H I H 2H, 2H perfl uorohexyl) maleate (1.5 g, 2.5

nmol , prepared as descri bed above) was added to
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transferred to the m xture. The tenperature was raised
to 82C and nmi ntained for 22 h. The white precipitate

worsooaekect ed by vacuum filtrati on and the fiPCT/EBM09/048204

was concentrated to reane t he isopropyl al cohol / wat er

Q0 0/ H LAl OQ0/L

sotptd i hit ot \o 88 g, o9 U/U_YI €1 0,7 Jo70
pur i t%ﬁ\ﬁgyﬁﬁ@ By 1H NVR and LC/ M5 to confjrmthe
structure ag /C4 FOCHACF2CH2CH2 OC(O) CH2 CH(Sg 3Na) -

%‘blz CH2 C((@);96®H 2 CH2 C@ﬁzﬁﬁgs@élwg . Ttbe gr oduct z&ags

PR o B-oi—an
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aﬁceﬂrecboetémyﬂaea@ (58 tlgm 001 @4ighopgreammpandibwadifeettensitre
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'l ng poi nt was 60C at

%Fgél)er CMGrysdugyrtusgnd l@tmmgwm@nweubycbgﬁxggples ghe
Blenti®. €O L ﬁaﬁtﬁe emdnamm@h c@ftdined an ;gofc 3f
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A %'fofl?@“ I BRI Ho Vo difond

Exampkes aflthictinvemtiofh hwdC&C t/duSEspﬂllﬂa]t t© CdmepaatucEasipdes. A

%&]ééie 196011[18 ov&%i \?'% ﬁ?cﬂ'e or ug‘e es Xsd&ﬂpflé% g‘fl%eﬁﬁ.kzgntion had

ek/@fsﬂl@rmﬁ eEiticacy TopECiding cortrpamhi@: perdorniphegwith

?ésE‘Ylhoxfl&é pRi&t. aBchﬁl‘thé cRiceon Gfth‘é'%&%n leSHihbRGaRMt tO
gi ve a crudeproduyct. The crude product was dissol ved

camagRkle sU{ASHER I -t h aqueous sodiumsulfite, water,

and brine in turyther 59 R mgggg}{%swmsulfate
The product was then di gt |aF gg Cgl ve 199 g of

e WVl el 2 W el o WA B T WV |

T A S T, B R

Fr ang -Thiahy(@y aidu@ioni ¢ aCQedte(lOaIEMer) 6.5 mmIChtegory

C3E7ZOCE2CE2CH2CH20H ( 30 g 13 muol pF

ot

epered as |
désc]iIbSMEBSOE)SLEy - t #M%emadsl f oni ¢ aci d Geofohydr at e
H (0. | %Ek) t d
COSHI ]fﬁousl yl\?oge he)r ngaﬁeéﬁggﬁ%pgéare u M%%&ﬁllcr][gr

28 h) I S'IMUWSOKSILB vvas S@®6m 80lsout to prod@peda pal e

yel | ¢ ui d 78. O% eld, 99% purity), which
was exﬁﬁl@g@}b lpp NI\/R 2HW% Xﬁssetcen%nf. r mEtXH@?ent

OIS TESBESE S O S ndid 2 OO Fh? CHOHor

1) TRITON X100 70% in 40 s Good
20 I) SIMULSOL SLS8 100% in 6 seconds Excellent
1) TRITON X100 50% in 30 s Good
22 I) SIMULSOL SLS8 50%in 10 s Good
1) TRITON X100 Floats without spreading | Fair
23 I) SIMULSOL SLS8 20%1in 20 s Good
1) TRITON X100 100% in 25 s Excellent
25 I) SIMULSOL SLS8 10% in 20 s Good
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2CH2CF2CF20C F7 . The trans-b-hydronmuconate, prepared

as described above, (3.88 g, 5.1 mmol) was stirred
wa@orwiomseuisly with i sopropyl alcohol (3 1 g) fPCT/ES2009/048204

period of ICnlns at an el evated tenperature of 65C. A

| £

DUI U LI UI S B IIUI }
dissclvggﬁﬁﬁﬁﬁgﬂg i zed %ﬂ¥é@n]§%ﬁ%{) was ag
QQODWI)SSIMQLSO?; qugt ure100bPen 3 gnperat ure _“@iicélfelnﬁed to
82C and numi ntained for|a period of 22 h. The sol ution

was ¢éhdddilOAt €409 o renﬂﬂg/vhéslsopropyl alEsetisnt and

IS 1 I I UV . Gl 1 v al uuTtTi VCTIT
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puri ty)) TEatraNgdogas ahginkz@ehelatdty NVR andpbéy MS to
confilrmthe structure as C3F7OCE2CE2CH2 CH? QC( Q) CH?
EH( SCANBIMIHRBOR. Si80) og-SipkiparderRIOC3 F7 | Pope product
was eval uated for CMC gnd surface tension|beyond the
CMC bhyD)TEHTOMEKROEA 1; | Peknmswliasclar e shoywRoon Tabl e
2. Table 1 - Conparative Exanpl es and Surface Tensi on
MeasurenentsTable 2 - Formulae |A 1B, and 1C and
Surface Tensi on Measurenent sexanpl e 28 was neasured at

p H 3. Qabl‘%' NGBwh gt bR éu?fa&'{antts ke tlﬁq{r@s%ﬁﬂﬁg&ﬁloﬁf whiie
is sensitive to ows t hat

SOt aitdvdroaren R SUIRSH Shier iibaR i Qe
@@m&mfdrammi@ﬁ {ﬂr@ﬁi&n@ﬂ@&lﬁluﬂllﬁaﬂﬁahgﬂatcoﬁ@ndtﬁytabroamd | ow

BBt TR Y SR R A
Epevaping sicroSo oyrdetakances Bralngive o€Can hefvdtivg fan ﬁghtncg fo@hF9
E‘{‘315‘1%%' M6 s ap MUB l:ﬁﬁ%afl gﬂ@é'lffer&%n%e%\t’ﬁhoﬁs%ﬂghgw X AR ﬁéns%fn

i nvention val ue,

dqm s&&vomfbcm%érﬁunéﬁeswfo@mw@ﬁg 1CERNt EHETIELRAA) @f%ctyfe fitge
E@Mﬁﬁgﬁﬁﬁ} Conparative Exanples A and B each cont ai ned

of CF 3, which was a higher fluorine Ievel than
the Exanples of the invention. The Exanpl es of the
i nvention had CMC values simlar to Conparative
Exanpl es A and B despite the I ower |evel of fluorine.
Thus the Exanples of the invention had a higher |evel
of fluorine efficiency in providing conparable
performance with | ess fluorine present. Beyond the CMC
all of the exanpl es denonstrated conparabl e surface
tension. Table 3 - Spreadi ng on Cycl ohexaneTable 3
shows that the surfactants of the present invention,
when conbi ned with hydrocarbon surfactant SIMJLSOL SL8
or TRITON XI OO i n an aqueous fornul ati on, spread nore
qui ckly and nore conpl etely across cycl ohexane than
ei ther Conparative Exanple B or C, which both sank.
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Spreadi ng across cycl ohexane is predictive of an
effective fire fighting foam Table 3 shows that | ow

w@eoinioezmks m cel | e concentrati ons and | ow Sur f aP&T/US2009/048204

Tension | evel s beyond CMC are necessary but not

sufficient criteria for an effective fire fighting

foam CLAIMS What is clained is: 1. A conpound of

Formul a 2A, 2B, or 2C (Ra-O CO-)2Y Formula 2A

Ra- O-CO- Y- CO- O (CH 2¢H2 )R:ABS il a 2B Ra

< COOR Forrrula 2C wherein Ra is the group(l)
-(CgH2 g )-; (i) RFOCF2CF2 (CgHZ g)-

Rt ocHioR2 ORI T ot AR IRS it ( gt g -
vi) Rf 2CF2 )i h Rf
?Ld(epeZ]dentnlg_%%p %QSFﬂC;: 2: Fgg%%oé‘t%gtz gc dis i
om
k

to about 3R CDJC%jYC@é( 12@{2")R0 #BAHLIa4B W is fr
about 3 to dbout 12; his to about 6; i, j , and

are each umqqu@ncuzom 2, OFoulerca m xture

t hereof; provided that the total nunber of carbon

athersgn i n group (vi) is fromabout 8 to about 22; Y is

a linear or branched diradical having olefmc

unsat Ryas thergradp t he formula CeH(2 e .2 v wherein e is

2 or 3; Ris Hor a linear or branched al kyl group )H

21)+ - R @Fd)g- (CgHag)l to about 18. 2. The conpound of
aim1l wherein Ra is RF(CHRCF2 ) -(CgH2 g )-

ﬁeﬂ)OCF SF2CERiBel2)): Rf OCFHOF2 Q[ CH2CH2O) v - (CgH2 g

lin *ReSTAESSAHRE) Licgtag-

(iv)  RfOCFHCF20(CwHow)-;

(v) RfOCF(CF3)CONH-(CgH2g)-; or
(vi)  Rp(CH2)h[(CF2CF2){(CH2CHY)jlk
cach Ry is independently CcF(2¢+1):
c is 2 to about 6; d is 1 to about 3; gis 1 to 4; vis 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
8 to about 22;

Y is a linear or branched diradical having olefinic unsaturation of the

formula -CeH(2¢-2)

wherein e is 2 or 3;
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)3-(CoH2g)-;
RfOCF7CF2(CoH2g)-; Rf OCFHCF20(CH2CHZ0)y-(CgHpg)-; or
RfOCFHCFO(CywHaow)-.

3. The compound of claim 1 wherein ¢ is 3 or 4.
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3. The conmpound of claim1l wherein c is 3 or 4.4. The
conpound of claim lwherein Y is CH=CH, CH2C(=CH2),
W@L@hBY26032 , CH=CHCH2 , or CH2CH=CHCH2 . 5. TPET/US2009/048204

conpound of claim2 wherein dis 1, gis 1 and Rf is
C3F7 or CAF9 . 6. The conmpound of claim5 wherein Y is
CH=CHA- cH2 T cempoynd QficlaapdHsherempY is GH=Chk Claiotha),
i Ceh#M, (reCHOM,Rer CBEHE 2CH2 CH2 or C
F§cﬁé§2élzcr|2 and 2Rf isz( CF2 ) 6F.

5 The compound of claim 2 wherein d is 1, g is 1 and Rgis C3F7 or

C4Fo.

6. The compound of claim 5 wherein Y 1s CH=CH, CH>C(=CH>), or
C(CH3)=CHy.

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

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