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CF3CH=CHCF3 1, 1, 1, 4, 4, 4- hexaf | uor obut - 2- ene
1,1,1,4,4,5,5, 5-octafluoropent-2-ene Fl 2E
CF3CH=CHC2F5 F13E CF3CH=CHCF2C2F5 1, 111
,4,4,5,5,6, 6, 6-decafl uorohex-2-ene 1,1,

1,4,5,5, 5-hept afl uoro-4-(trifluoronethyl)pent-2-ene

1, 1 1,2 2, 5 6 6,6 | h

Cr3ehe @é@e-é\%héggggn%g jons. ,%f ErllpEpresent invention
CFSCFW%@E@%% BoQTHEEAIG R en( OF3) 2 1,1, 1 ,

A 4,5,5/6,6, 7, 7, /-dodecaf | uorohept - 2- ene
1, 1(b) remaviag )essebatmtafonoeantactwith $aid 6pEREsIPN) hex- 2

- eNg y@tﬂr%ther embodiment is a composition comprising an unsaturated
fluorinated hydrocarbon having the formula R'*CH=CHR?, wherein R" and R? are,
independently, C4 to Cy perfluoroalkyl groups.

‘In yet another embodiment is a composition comprising an unsaturated
fluorinated hydrocarbon selected from the group consisting of CHz=CCICF,CF3,
CHCI#CHCFZCFg, CHCI=CHCF.CF,C3F5 and CHBr=CHCF,CFs.

' In one aspect, there is provided a solvent composition comprising an
unsaturated fluorinated hydrocarbon having the formula R'CH=CHR?, wherein R’
is CF3 and R? is CF; CF, CF; CF3, wherein said composition further comprises
an aerosol propellant.

In another aspect, there is provided a solvent composition comprising an
unsaturated fluorinated hydrocarbon having the formuta R'CH=CHR?, wherein R’
is CF5 and R? is CF, CF, CF, CF3;, wherein said composition further comprises a
surfactant. ‘ |

In yet another aspect, there is provided a method for removing residue
from a surface comprising: a. contacting the surface with a composition
comprising an unsaturated fluorinated hydrocafbon having the formula E- or Z-
R'CH=CHR?, wherein R" is CF3 and R? is CF2CF.CF,CFs, and b. recovering the
surface from the composition.

In still another aspect, there is provided a method for depositing a
fluorolubricant on a surface comprising: (a) combining a fluorolubricant and a
solvent, said solvent comprising an unsaturated fluorinated hydrocarbon having
the formula E- or Z-R'CH=CHR?, wherein R' is CF3 and R? is CF,CF,CF.CF; to
form a lubricant-solvent combination; (b) contacting the combination of lubricant- ‘
solvent with the surface; and (c¢) evéporating the solvent from the surface to form

a fluorolubricant coating on the surface.



F14sE CF3CH=CHCF(CF3) - C2F5

1,1,1,4,5,5, 6,6, 6-nonfl uoro-4- (trlfluoronethyl)hex 2-
ene 1,1,1,

5,5, 5- hexaf |l uoro-4. 4-bi s(trifluoronethyl)Pent-2-ene
1, 1,1,2,2,5,5,6,6,7,7, 7-dodecaf | uoroh ept-3-ene
1,1,1,2,2,5,6,6,6-nonatl uoro-5-(trifluoronethyl)hex-3

Seglﬁ ﬁuétpré ésepéea th@r@:s(sp?r%gizled a procgss for removing at least a

1 uor ooc

porfiod, &, waler6 frén¥ , tfe usuréaraf lofica onéitdd rsubktratep nesithyprobhess
- t-2-ene F 1 4tE CF3CH=CHC(CF3) 3 C2F5CH=CHCF2C2F5
conppsarHeHerpterting ﬂ@g@ﬂ@i@ @rﬂﬁ‘) thereprppagiiiprogomprising an

uns%lt:L?r%%CFf{u%ﬁﬁLl%d F%ocarﬁgﬁ' ﬁavmgl tF fon|1:'||-u|35i l§1CH=CHR2,

~ wherein R' is CF3 and R? is CF2CF,CF,CF3, wherein the composition further
" comprises a surfactant, and then (b) removing the substrate from contact with
said composition.

Other objects and advantages of the present invention WI|| become
apparent to those skilled in the art upon reference to the detailed descnptlon

that hereinafter follows.

DETAILED DESCRIPTION OF THE INVENTION

Many aspécts and embodiments have been described above and are

merely exemplary and not limiting. After reading this specification, skilled
artisans appreciate that other aspects and embodiments are possible without
departing from the scope of the invention.
Other features and benefits of any one or more of the embodiments will be
apparent from the following detailed description, and from the claims.

Before addressing details of embodiments described below, some terms
are defined or clarified. - |

As used herein, the terms “comprises,” -“comprising,” “includes,’
“including,” “has,” “having” or any other variation thereof, are intended to cover a
non-exclusive inclusion. For example, a process, method, article, or apparatus
that comprises a list of elementé is not necessarily limited to only those elements
but may include other elements not expressly ﬁsted or inherent to such process,
method, article, or apparatus. Further, unless expressly stated to the contrary,
“or” refers to an i-nclus'ive or and not to an exclusive or. For e;(ampie, a condition
A or B is satisfied by any one of the following: A is true (or present) and B is
false (or not present), A is false

Ba
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F15t E CF3CH=CH C(CF3)2C2F6 1,1,
1,5,5,6,6,6-octafl uoro-4, 4-bis(trifluorom

0 .
et t wChex- 2- ene F24E C2F5CH=CH( CF2) 3CF3
WO:Z§ 5 5 PCT/US2006/042634

¥ HCF2CF- (CF3)2 1,1, 1, 2, 2,
6 6,7,7,8,8, 8-tetradecaf|uorooct-S-ene

kbt o B LSRR PP o

1p|ths§na 5, gzg 7,7, I7:5undecafl uoro-5-(trifluoronmethyl)h
e e t
CIFZJZCZng ,yse “onr %Ir}l:gl:ecg ?gyed%lzgescn%%ents and

1cx éoﬁeﬁbs@jééﬁhﬁ% Yr&inS TRidlsddrid Friek &ty 367 &3riénlence and to

ene

i:gigg Lgena@absénge of hess@peaf thel doentioor dbds dasasipdion
ss,hould be read to include one or at least one and the singular also

includes the plural unless it is obvious that it is meant otherwise.

Unless otherwise defined, all technical and scientific terrhs used
herein have the same meaning as commonly understood by one of
ordinary skill in the art fo which this invention belongs. Although methods
and materials similar or equiva-lent fo those described herein can be used
in the practice or testing of embodiments of the present invention, suitable

“methods and materials are described below. All publications, patent

applications, patents, and other references mentioned herein are
incorporated by reference in their entirety, unless a particular passage is
cited. In case 6f conflict, the present specification, including definitions,
will control. In addition, the materials, methods, and examples are

llustrative only and not intended to be limiting.

Apphcants specifically incorporate the entire content of all cited
references in this disclosure. Appilcants also incorporate by reference the
co-owned Provisional applications 60/732,396, filed November 1, 2005,
60/732,090, filed November 1, 2005, 60/732,292, filed November 1, 2005

~ and 60/732, 581 filed November 1, 2005.

Further, when an amount, concentration, or other value or
parameter is given as either a range, preferred range, or a fist of upper
preferable values and lower preferable values, this is to be understood as
specifically disclosing all ranges formed from any pair of any upper range
limit or preferred value and any lower range limit or preferred vaiue,
regardless of whether ranges are separately disclosed. Where a range of
numerical values is recited herein, unless otherwise stated, the range is
intended to include the endpoints thereof, and all integers and fractions
within the range. It is not intended that the scope of the invention be
limited to the specific values recited when defining a range.

-7 -
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5,5,6,6,7,7, 7-undecafl uoro-2-(trifluorom
ethyl) hePt-3-en e
1, 1, 1jfode enibddliferit, thé piésen? ifrchéisageovties conpounds e

baving the fomua &-or Z-B G HECHREommul PovdereiniR'| an B2,

@é%é@%&ﬁ%’) 6”&@5):)%@.@;3’%%%55@) %ggéﬁples of R" and R? |

ﬁbl@ﬂ@FBa)t&are@Eﬂ@?rﬁtéd 1:0 CF3, CzF5 CFzCFzCFs, CF(CFa)z,

5 Gk Sﬁ&?,%zégﬁé@é&#@%ﬁé@afb%ﬁs?“ Wi o

SraChREL T (30
, 9, 9-hexadecaf | uor onon- 3-
CFzCFgCFzCFzCFzCFs, CF(CF3) CF20F202F5, and C(CF3)2CF202F5.

Exemplary, non-fimiting Formula | compounds are presented in Table 1.

Féc%(cﬁs)z, C(CF2)2C2Fs,

10 TABLE 1
‘Code Structure ... Chemical Name
F11E CF.CH=CHCF, 1.1,1,4,4 4-hexafluorobut-2-ene
F12E CF3CH=CHC.F5 1,1,1,4,4,5,5,5-octafluoropent-2-ene
F13E CF3CH=CHCF;CoFs 1,1,1,4,4,5,5,6,6,6-decafluorchex-2-ene
_F13iE CF3CH=CHCF(CFs)> 1,1,1,4,5,5,5-heptafluoro-4-(irifiuoromethyi)pent-2-ene
F22E " CoFsCH=CHC,Fs 1,1,1,2,2.5,5,6,6,6-decafluorchex-3-ene _
- F14E CFaCH=CH{CF.);CF; 1,1,1,4,4,5,5,6,6,7,7,7-dodecafluorohept-2-ene
F14iE CFSCH('_'CC;?)SFZCF i 1,1,1,4,4,5,6,6,6-nonafluoro-5-(trifluoromethyhex-2-ene
F14sE CF"‘CH=82E';(:F(CF3)" 1,1,1,4,5,5,6,6,6-nonflucro-4-{triflucromethylhex-2-ene
F14E CFaCH=CHC(CFs)s 1,1,1,5,5,5-hexailuoro-4,4-bis(trifluoromethyhpent-2-ene
FZ23E CoFsCH=CHGF.GoFs 1,1,1,.2,2,5,5,6,6,7,7,7-dodecafluorohept-3-ene
F23iE C,FsCH=CHCF(CF3)s 1,1,1,2.2,5,8,8,6-nonafiuoro-5-(trifluoromethylhex-3-ene
F16E CF3CH=CH(CF,)4CF3 1,1,1,4,4,5,5,6,6,7,7,8,8.8-tetradecafluorococt-2-ene
. CF3;CH=CH- g At >
F15iE | CF,CF,CF(CFa)s 1,1,1,44,5,5,6,7,7,7 undecaﬂ_uoro B-(trifiuoromethylihept-2-ene
F15tE CFCH=CH- 1.1.1.5,5,6,6,6-octafluoro-4,4-bis(trifiuoromethylyhex-2-ene
C(CF3)2C2F5
F24E CoFsCH=CH{CF»)3CF3 1.1,1,2,2,5,5,6,8,7,7,8,8,8-tetradecafiuorooct-3-ene
F24iE CzFﬁC‘f;gSCcmF‘ 1.1,1.2,2,5,5.6,7,7,7-undecafluoro-6-(triflucromethyl)hept-3-ene
. 2 c
Fo4sE CstCH:(:“;';CF (CFa)- | 4.11,22,5,6,8,7.7,7-undecafluoro-5-(irifluoromethylhept-3-ene
5
F2HE CoFsCH=CHC(CF3} 1,1,1,2,2.6,6,6-octafluoro-5,5-bis(trifluoromethyhex-3-ene
F33E Cstglf:g';:CH“ 11.1.2.2,3,3,6,6,7.7.8,8,8-tetradecafluorooct-4-ene
2 .
F3i3iE (CF%ZQEE.S:CH" 1,1,1,2,5,8,8,6-octafluoro-2 5-bis(trifluoromethyhex-3-ene
F33IE CzFfFF(ﬁ:‘;'; CH- | 1,1,1,2,5,56,6,7,7,T-undecafluoro-2-(trifluoromethylihept-3-ene
F16E CF3CH=CH{CF)sCF3; 1,114, 4 55,6,6,7,7,8.8,,9,9,8-hexadecafluoronon-2-ene
CF3CH=CHCF{CF3)- 1,1,1,4,5,5,6,6,7,7,8,8 B-tndecaﬂuoro-zlw(tnﬂuorcmethyl)hept -2-
F16sE
(CF2)202F5 ene 7
FAGLE CF“’C%T:S(‘;';&CFQT 1.1.1,6,6,6-octafluoro-4,4-bis(trifluoromethyl)hept-2-ene
F25E C,sFeCH=CH{CF2)4CF3 1,1.1,2,2,5,5,6,6,7,7,8,8,9,8,9-hexadecafluoronon-3-ene
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CF2CF2CF(CF3) 2 111

wolzBiSig3

5,6,6,7,8,8,8-tridecal luoro-7-(trifl 196
ene F25tE C2F5CH=CH O CF3) 2C2F5 PR T ioibaz634

1,1,1,2,2,6,6,7,7,7-decaf | uoro-5, 5- bls(trlfluonnethyp

2E]

1, BFAFGACkS. 7

F3- B'WCHW%%% 6.6.9 68 Siridacafiuoro-7- (trfﬂuoromethyl)oct—&

. 99,'9- hexadecak! uor onon- 4- e

Fzgig F341E, b@hrlu-F J-H 1ﬁ'.‘%,iaﬁ;ﬁ,@!?;ﬂi)-d’ecafluoro‘&5-bls(tt_1ﬂuornmethyl)hept-3-
T 1,1, 2@0@262@ 6,7/8,8,8-tri decafl uor @eng- (trifluorom
Y pOoCiF@F.CEreHF345 E 1'5{%—'“?3 ﬁ% Jr{ %1]0?1 3 )
P e 8 o b L T Hoh PR S ST o4 ene
F3 4}@:’[ - 4G FelleCHSAHE 1,1,1,2,2,3,3,6,6,7,8,8,8-tridecafluoro-7-{trifluoromethyl)oct-4-
CF,CF(CF3)s ene
F34sE C,FsCF,CH=CH- 1,1,1,2,2,3,3,6,7,7,8,8,8-tridecafluoro-6-(frifluoromethyl)oct-4-
CF(CF3)CoFs ene
F34E C,FsCF,CH=CH- 1,1,1,5,5,6, 6 7,7, 7-decafluoro-2,2-bis(irifluoromethylhept-3-
7 . C{CF3)s . . ane
-F3i e (CF3)oCFCH=CH- 1,1,1,2,5,5,6,6,7,7,8,8,8-tridecafluoro-2(irifluoromethyl}oct-3-
{(CF3).CFs ene
Fi4iE (CF3).CFCH=CH- 1,1,1,2,58,5,6,7,7,7-decafluoro-2,6- bls(tnﬂuoromethyl)hept—S-
1 CFzCF(CFa}z ene i
E3idsE (CF35).CFCH=CH- 1,1,1,2,5,6,6,7,7,7-decafluoro-2,5-bis(trifluoromethylhept-3-
CF{CF3)C.Fs ene
F3U4E (CFa)é?ggg;CH‘ 1.1.1.2,6,6,6-heptafluoro-2,5,5-tris(rifluoromethyhex-3-ene | -
F26E C.FsCH=CH(CF.)sCFs | 1,1,1,2,2,5,5,6,6,7,7,8,8,9,9,10,10,10-octadecafluorodec-3-ene |
F28sE C,FsCH=CHCF{CF3)- 1,1,1,2,2,5,6,6,7,7,8,8,9,9,9-pentadscafluoro-5-
{CF.).CoFs (friflucromethyinon-3-ene
FOGiE C,FsCH=CHC{CFJ),- | 1,1,1,2,2,6,6,7,7,8,8,8-dodecafluoro-5,5- brs(tnﬂuoromethyl)octn '
. CF:CoFs 3-ene
F35E CF (Sglf;)fg[;fH 1,1,1.2.2,3,3,6,6,7,7,8,8,9,9,10,10,10-octadecafluorodec-4-ene
F35iE CoFsCF.CH=CH- _ 4,1,1,2,2,3,3,6,8,7,7,8,9,9,9-pentadecafluoro-8-
CF,CF,CF{CFs)s (tr|ﬂuor0methyl)non-4-ene
Fa5E C,FsCF,CH=CH- -1, 1 1,2.2,3,3,7,7,8,8,8-dodecafluoro-6,6- bts(tnﬂuoromethyl)oct—
C(CF:;)ZCst 4-ene
E3iBE - (CF3),CFCH=CH- 1,1,1,2,5,5,6,6,7,7,8,8,9,9,9-pentadecafluoro-2-
(CF2),CFs = (irifluoromethyl)non-3-ene _
Fai5iE {CF3).CFCH=CH- - 1,1,1,2,5,5,6,6,7.8,8,8-dodecafluoro-2,7-bis(trifluoromethyljoct-
CF.CF,CF(CEs)» 3-ene
F3i5tE (CF3)CFCH=CH- - 1,1,1,2,6,6,7,7,7-nonafluoro-2,5,5-tris{trifluoromethylyhept-3-
C(CF3)CaFs ene
F44E CF"‘&%;%';*CH‘ 1.1,1.2.2,3.3,4,4,7.7,8,8,9,9,10,10,10-octadecafluorodec-5-ene
5 }
FA4IE CF3{CF;}sCH=CH- 1,1,1,2,3,3,6,6,7,7,8,8,9,9,8-pentadecafluoro-2-
CF.CF(CF3), (triflucromethylinon-4-ene
FA4sE CF3(CF5)sCH=CH- 1,1,1,2,2,3,6,6,7,7,8,8,9,9,9-pentadecafiuoro-3-
CF(CF3)CoFs _ {trifluoromethylnon-4-ene
FA4iE GCF3(CF3)sCH=CH- 1,1,1,5,5,6,6,7,7,8,8,8-dodecafluoro-2,2,-bis(frifluoromethyljoct-
‘ C(CF3)s 3-cne
E4idiE (CF3).CFCF,CH=CH- | 1,1,1,2,3,3,6,6,7,8,8,8-dodecafluoro-2,7-bis(trifluoromethyljoct-
CF.CF(CFs)s 4-ene
Fdi 4SE (CF3).CFCF,CH=CH- | 1,1,1 .2,3,3,6,7,7,8,8,8-dodecafluoro-2, 6-bis(frifluoromethyi)oct-
CF(CFs)CgF;, ) 4-gne
FAiAE (CF3)aCFCF,CH=CH- 1,1,1,5,5,6,7,7,7-nonafluoro-2,2 6-ris(iriffuoromethyhhept-3-
C{CFE3); ene _
FdsdsE C.FsCF(CF3)CH=CH-~ | 1,1,1,2,2,3,6,7,7,8,8,8-dodecafluoro-3,6-bis(frifuoromethyloct-
CF(CF3)CoFs 4-ene i
E4sAtE C,FsCF(CF3)CH=CH- 1,1,1,5,6,6,7,7,7-nonafluoro-2,2, 5-ris(triflucromethytyhept-3-
C{CFa)s ene
FatatE {CF3)sCCH=CH- 1,1,1,6,6,6-hexafluoro-2,2,5,5-tetrakis(trifluoromethylhex-3-
: C(CFa)s aene
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5,5,6,6,7,7,8,8,8-tridecafl uoro-2(trifluorone
t hypoct - 3- ene F3i 41E (CF3) 2CFCH=CH CF2CF(CF3) 2
1,1,1,2,5,5,6,7,7,7-decaf |l uoro-2, 6-bi s(trifluoronethy
Chept t3on® @ﬁlﬂf)’ﬂuﬁéﬁt 6;65@))02!68%%@}%( IGnay GeAsrepared by

1,1,1, 2, 5, ec quoro is(trifluoroneth
poRipcting aemﬂw lk& \Odlﬂ;) é@&ﬂw d

 fed gﬁ%ﬁﬂ@g&d@@é@b@f@@ggggiéﬂ%wzlté 9 amet hy ph

gglérdgoladdpéﬂﬁoﬁaﬂ{éhehﬁh@ fomsula®R'OH.CHIRG mm | uoro
en

gihydioiodopeyfiyorpatkanescan ey by dehydigiodinatad fo fym
R'CH=CHRZ. In another embodiment, the olefin RICH=CHR? may be

prepared by dehydroiodination of a trihydroiodoperfluoroalkane of the

- formula R’CHIGHZR2 formed in turn by reacting a perfluoroalky! iodide of

the formula R with a perﬂuoroalkyltr:hydrooieﬁn of the formula
R1CH—CH2

In one embodiment, said contacting of a perﬂuoroa[kyl iodide with a
perfluoroalkylirihydroolefin may take place in batch mode by combining
the reactants in a suitable reaction vessel capable of operating under the
autogenous pressure of the reactants and products at reaction |
temperature. Suitable reaction vessels include those fabricated from -
stainless steels, in particular of the austenitic type, and the well-known
hfgh nicke! alloys such as Monel® nickel-copper alloys, Hastelloy® nickel
based alloys and lnconel@ nickel-chromium alloys.

in another embodiment, the reaction rhay take be conducted in

. semi-batch mode in which the perfluoroalkylirihydroolefin reactant is

added to the péffluoroalkyl iodide reactant by means of a suitable addition
apparatus such as a pump at the reaction temperature.

In one embodiment, the ratio of perflucroalkyl iodide to
perfluoroalkyltrihydroolefin is between about 1:1 to about 4:1. In another
embodiment, the ratio of perfluoroalky! iodide to
perfluoroalkylirihydroolefin is between from about 1.5:1 to 2.5:1. Ratios
less than 1.5:1 tend to result in large amounts of the 2:1 adduct as
reported by Jeanneaux, et. al. in Joumnal of Fluorine Chemistry, Vol. 4,
pages 261-270 (1974). |

In one embodiment, the temperature for contacting of said
perfluoroatkyl iodide with said perfluoroalkyltrihydroolefin is within the
range of about 150°C to about 300°C. in another embodiment, the

-10 -



(trifluoronethyl)non-3-ene F26sE C2F5CH=CHCF( OF3) -
(CF2) 2C2F5 F26tE C2F5CH=CHC( CF3) 2- CF202F5
2,2,6,6,7,7,8, 8, 8-dodecaf | uor o-5, 5- bi S{)é'iﬁufskdd@b:tzsszl

WO%‘WPW%N- 3-one F35E C2F5CF2CHECH ( CF2) 4
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1, 1 1, Zné l3:> glg 6,7,7,8,8,9,9, 10, 10, 10- octadecafluoro
e e Rl e
gﬂ&&% K8RET ik RrRBe Rt dresis §rdn BbBuCRET-C-RChis6it 230°C.

1, %Jmpne@madummtghemomamm@r@m reagiion(afithe| yor
pré?ﬁuc%giﬁyl xodlﬂﬁeevr\}ﬁh tl'?’el S&!ﬁ%@lm%eﬁgﬁﬁ about 0.5

Vhour.to about 18 hours. In another embodiment, the contact time is from
about 4 to about 12 hours. |
I yet another embodiment, the contacting of a perfluoroalkyliodide
with a perfluoroalkyltrihydroolefin takes piace in the presence ofa catélyst.
in one embodiment, a suitable catalyst is a Group VIi transition metal
complex. Representative Group VIil transition metal complexes inciude,
without limitation, zero valent NiL, complexes, wherein the ligand, L, can -
be a phosphine ligand, a phosphite ligand, a carbonyl ligand, an isonitrile
ligand, an alkene ligand, or a combination théreof. In one such
embodiment, the Ni(0)Ls complex is a NiL(CO), complex. In one
particular embodiment, the Group Vil transition metal complex is
bis{friphenyl phospme)nlckel(O) dicarbonyl. in one embodlment the ratio
of perﬁuoroalkyl iodide fo perﬂuoroalkyltnhydroolef n is between about 3:1

~ to about 8:1. in one embodiment, the temperature for contacting of said

20

25

30

perfiuoroalkyl iodide with said perfluoroalkyltrihydroolefin in the presence
of a catalyst, is within the range of about 80°C to about 130°C. In another
embodlment the temperature is from about 90°C to about 120°C.

In one embodiment, the contact time for the reaction of the
petfiuoroalky! iodide with the perﬂuoroalkyltnhydroolefln in the presence of
a catalyst is from about 0.5 hour to about 18 hours. [n another
embodiment, the contact time is from about 4 to about 12 hours.

In one embodiment, the trihydroiodoperfluoroaikane prepared by
reaction of the perfluoroalkyl iodide with the perfluoroalkyltiihydroolefin
may be used directly in the dehydroiodination step. In another
embodiment, the trihydroperfiuoroalkane is recovered and purified by
distillation prior fo'the dehydroiodination step.

In one embodiment, the dehydroiodination step is carried out by
contacting the trihydroiodoperfluoroalkane with a basic substance. In one

embodiment, basic substances include alkali metal hydroxides (e.g.,

-11-
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1,1,1,2,5,5,6,6,7,7,8,8,9,9, 9- pent adecal | uor o- 2-
(tritluoronethyl)non-3-ene F3151E ( CF3) 2CFCH=CH-

“ WO %a:il&%%?: (OF3) 2 ' PCT/US2006/042634

5,5,6,6,7,8, 8, 8-dodecafl uoro-2, 7-bis(tritluor
onet hypoct - 3-ene F3i 5tE (CF3) 2CFCH:CH- C( CF3) 2C2F5

%oéhuln By&roRidé of 'ﬂotﬂ%iaﬁ'i hvﬁmxia ikdllr ﬂn%&élrdﬁ deu (fbp met h
yl ) hePt - 3 one F44E CF3 })1 CH X 1
wam!q,godlum gxide), alkalme earth metal hydroxndes (e.g., caicmm

o ZeiRaigleltf i) Gl (¢ 8, Hdihiafiaeh satlithe

hlkoxdde3, (8.63, $odiurmh, methdide 8r Sogiemt auemalﬁab,lm@cms
(trtfluoromet hyOpon-4-ene F44 E & é) CH]-.I
@rirepRipcopdjum amide, or mixtures 0? asic s nces stich as soda

| 21f“1:2f %rn%r%tﬁbr%]rﬁ gdl%e%t%% s BANIANES A dotfilfr Rydroxide or

uor omet hAnon- 4- ehe
potassium hydroxide.

In one embodiment, contacting of the tnhydrouodoperﬂuoroalkane
with a basic substance may take place in the liquid phase. In another
embodiment, the contacting in the liquid phase further takes place in the

- presence of a solvent capable of dissolving at least a portion of both

reactants. In one embodiment, solvents suitable for the dehydroiodination

step include one or more polar organic solvents such as alcohols (e.g.,

methanol, ethanol, n-propanol, isopropanol, n-butanol, isobutanol, and
tertiary butanol), nitriles (e.g., acetonitrile, propionitrile, butyronitrile,
benzonitrile, or adiponitrile), dimethyl sulfoxide, N, N-dimethylformamide,
N,N-dimethylacetamide, or sulfolane. In one embodiment, the solvent is
chosen based on fhe boiling point of the product and the ease of
separation of traces of the solvent from the prbduct during purification. in
one embodiment, ethanol or isqpropanol are good solvents for the
reaction. ‘ o

" In one embodiment, the dehydroicdination reaction is carried out by
addition of one of the reactants (either the basic substance or the
trihydroiodoperfluoroalkane) to the other reactant in a suitable reaction
vessel. Said reaction vessel may be fabricated from glass, ceramic, or
metal and is preferably agitated with an impelier or stirring mechanism.

In-ene embodiment, the temperature for the dehydroiodination

_reaction is from about 10°C to about 100°C. In another embodiment, the

temperature for the dehydroiodination reaction is from about 20°C to about
70°C. In one embodiment, the dehydroiodination reaction is carried out at
ambient pressure. In another embodiment, the dehydroiodination reaction

is carried out at reduced or elevated pressure. In one embodiment of the

-12-
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a solution of the trihydroiodoperflucroalkane in one or more organic
solvents of lower polarity such as an a.lkane (e.g., hexane, heptane, or
octane), aromatic hydrocarbon {e.g., toluene), halogenated hydrocarbon
{e.g., methylene chloride, Cthroform, carbon tetra'éhloride, or
perchloroethylene), or ether (e.g., diethyl ether, methyl tert-butyl ether,
tetrahydrofuran, 2-methyl tetrahydrofuran, dioxane, .dimethoxyethane,
diglyme, or tetraglyme) in the presence of a phase transfer catalyst. In
one such embodiment, the phase transfer catalyst includes quaternary
ammonium halides {(e.g., tetrabutylamﬁonium bromide, _
tetrabutylammonium hydrosulfate, triethylbenzylammonium chloride,
dodecyltrimethylammonium chloride, and fricaprylylmethylammonium
chloride), quaternary phosphonium halides (e.g.,
tnphenylmethylphosphomum bromide and tetraphenylphosphonium
chioride), or cyclic polyether compounds known in the art as crown ethers
{e.g., 18-crown-6 and 15-crown-5).

* In yet another embodiment, the dehydroiodination reaction is
conducted in the absence of solvent by adding the
trihydroiodoperfluoroalkane to a solid or liquid basic substance.

In one embodiment, the reaction fime for the dehydroiodination
reactions are from about 15 minutes to about six hours or more depending
on the solubility of the reactants. In another embodiment, the
dehydroiodination reaction requires from about 30 minutes to about three
hours for completion. '

In one embodiment, the compound of formula | is recovered from
the dehydroiodination reaction mixture by phase separation after addition
of water. In another embodiment, the compound of formula 1 is recovered
from the dehydroiodination reaction mixture by distillation. In yet another

embodiment, the compound of formula | is recovered from the
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the E-isomer, Z-isomer, or any combination or mixture of'both isomers in
any ratio. Another example is 1,1,1 ,2,2,{1,5,5,6,6,7,7,7-tridecaﬂuoro-3-
heptene (HFC-162-13mczy), by which is represented the E-isomer, Z-
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~ In addition to the inventive compounds described above, the

bromine-containing unsaturated flucrinated hydrocarbons presented in
Table 3 can be used as clean_ing.comp'ositions for cleaning surfaces or

substrafes.
TABLE 3

Structure Chemical Names

CF,=CHCF-Br 3-bromo-1,1,3,3- tetraﬂuoropropene

CF2=CFCBrH2 3-bromo-1,1,2-rifluoropropene

CHF=CBrCFs 2-bromo-1,3,3,3-tetrafluoropropene

CHF=CHCBrF3 3-bromo-1,3,3-triffluoropropene

CHF=CBrCHF; 2-bromo-1,3,3-trifluoropropene

CHBr=CFCFa 1-bromo-2,3,3,3-tetrafluoropropene

CHBr=CHCF3 1-bromo-3,3,3-trifluoropropene

CH>=CBrCF; | 2-bromo-3,3,3-trifluoropropene

CH»=CFCBrF2 3-bromo-2,3,3-triflucropropene

CFBr=CHCF5 1-bromo-1,3,3,3-tefraflucropropene

CFBr=CFCF; 1-bromopentafluoropropene
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HFC- 1447qzt CH2FCH=C(CF3)2  HFC- 1447syt CH3CF=C( CF3) 2

HFC- 1456szt ( CF3)

673PCTI US2006/ 042634
6pcyy CHF2CF2CF=CFCH3

2C=CHCH3 WO '
trifluor 0- 2- Rt B 0$2006/042634

| uoro-2- pentene HFC- 1456szy

2,3,4,4,5, 5- hexaf
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CHp,=CHCBIFCF3

3-bromp—3,4,4,4»-tetraﬂuoro—1 -butene

CFsCBr=CFCF3 2-bromo-1,1,1,3,4,4,4-heptafluoro-2-butene
CHsCBr=CHCF3 2-bromo-4,4 4-trifluoro-2-buiene
CF3CBr=CHCH;s_ 2-bromo-1,1,1-trifluoro-2-butene

{(CF3),C=CHBr

1-bromo-3,3,3-trifluoro-2-(trifluoromethyl)-propene

CF3CF=CBICF,CF3

3-bromo-1,1,1,2,4,4,5,5,5-nonafluoro-2-pentene

CHF,CBr=CFC.F5 - 2-bromo-1,1 ,3,4,4,5,5_,5'—0Ctaﬂu’or‘o-2-pentene
CF,=CBrCHFC,Fs 1 2-bromo-1,1,3,4,4,5,5, 5-octafluoro-1-pentene
CHBr=CF(CFz):CHF» 1-bromo-2,3,3,4,4,5,5-heptafluoro-1-pentene

CH2=CBFCF202F5

2—bromq—3,3,4,4,5,5,5-hqptaﬂuoro-1~pentene

CF2=CHCFQCH2QBI'F2

5-bromo-1,1,3,3,5,5-hexafluoro-1-pentene

(CFa)chCBFCHz

2-bromo-3,4,4 4-tetrafluoro-3- (trlfluoromethyl) -1- -
butene

CF»=C(CH,BNCF;

2-{bromomethyl)-1,1,3,3 ,3-pentafluoropropene

CH.=C(CBrF2)CF3

2-(bromodifluoromethyl)-3,3 3—tr1ﬂuoropropene

(CF3),CHCH=CHBr

1-bromo-4.4 A-irifluoro-3-(trifluoromethyl)-1-butene

(CF3),C=CHCH,Br

A-bromo-1,1 1—tnfluoro—2-(tnﬂuoromethyl)-2—butene

CH,=CHCF(CF3)CBIF2.

3~(brornodlfluoromethyl)-s,4,4,4-tetraﬂuoro-1 -butene

CF3CF2CF,CBr=CH;

2-bromo-3,3,4,4,5,5,5-heptafluoro-1-peniene

10

CFs(CF 2)3CBFCH2

2-bromo-3,3,4,4,5,5,6,6,6-nonafluoro-1-hexene

The compounds listed in Table 3 are available commercially or may

be prepared by processes known in the art.
1-Bromo-3,3,4,4,4-pentafluoro-1-butene may be prepared by a

three-step sequence b

eginning with reaction of phosphorous tribromide

with 3,3,4,4,4-pentaflucro-1-butanol to give 4- bromo-1,1,1,2,2-
pentafluorobutane. Thermal bromination of 4- bromo-1,1,1,2,2-
pentafluorobutane at 350-400°C gives 4,4-dibromo-1,1,1,2,2-

pentafluorobutane, wh

ich may in tumn be heated with powdered potassium

hydroxide to give the desired bromobutene.
2-Bromo-3,4 4 A-tetrafluoro-3-(trifluoromethyl)-1-butene may be

prepared by addition of bromine fo 3,4 4-tetrafluoro-3-(trifluoromethyl)-1-
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(trifluoronethyl)-1-butene 1,1, 1 3 tetrafl uoro- 2-
pent ene HFC- 1474neyf CF3CH=CFCH2CH3 1-1FC- |
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WO

CH3)2 1,1,1-trifluoro-3-nmethyl-2- bu

FC-151-12c CF3(CF2)3CF CF2 1,1 ,2,3,3,4,4,5,5, 6, 6, 6-
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1,4,4,5,5, 5-octafl uoro- 2-

(&Llhsltflatt@ﬁ onet hyl ) - 2- pent ene
1,1,1,3,4,5,5,5-octaf |l uorgagi e 4

(trifluororrethvl)

2-pentene

studtike® 5 5. 6. 6, 6- Nefialhieal Nhmegene (or

CHCI=CFCCIF, _ 1,3-dichloro-2,3,3-trifluoro-1-propene
CHCI=CCICF3 1,2-dichloro-3,3,3-trifluoro-1-propene
CHCI=CHCHF 1-chloro-3-fluoro-1-propene
CHCI=CFCHs 1-chloro-2-flucro-1-propene
CHo=CCICHzF 2-chloro-3-fluoro-1-propene
CHF=CCICH3 2-chloro-1-fluoro-1-propene
CH,=CCICCIF; 2. 3-dichloro-3,3-difluoro-1-propene
CHz=CFCCLF 3,3-dichloro-2,3-difluoro-1-propene
CHCI=CCICHF, 1,2-dichloro-3,3-difluoro-1-propene
CHCI=CHCCIF; 1,3-dichloro-3,3-difluoro-1-propene
CHF=CCICHCIF 2,3-dichioro-1,3-difluoro-1-propene
CCl=CFCHj3 1,1-dichloro-2-fluoro-1-propene

| CH.=CCICHCIF 2,3-dichioro-3-fluoro-1-propene

CH,=C(CHF2)CCIF2

3-chloro-2-(difluofomethyf)-3,3- d{ﬂuoro-‘[upropene

CHz=CHCF2CHCIF

4-chloro-3,3,4-frifluoro-1-butene

| CHCI=C(CH3)CF3

1-chloro-3,3,3-trifluoro-2- methyl-1-propene

CH,=CHCHCICF;

3-chloro-4,4 4-trifluoro-1-butene

CH;CF=CHCCIF;

1-chloro-1,1,3-trifluoro-2-butene

CH2=CC}CF20F3

2-chloro-3,3,4 ,4,4-pentafluoro-1-butene

CHCI=CHCF»CF3

1-chloro-3,3,4 .4, 4-pentafluoro-1-butene

CH2=CHCF20F20|

4-chloro-3,3,4 4-tetrafluoro-1-butene

CH,=CHCCIFCF3

3-chloro-3,4,4 4-tetrafluoro-1-butene

CHsCCi=CHCF3

2-chloro-4 4 4-rifluoro-2-butene

CFsCCi=CHCH3

2-ch lqro—’l .1, 1-trifluoro-2-butene

CH,=CHCCIFCHCI

3,4,_4-trichIoro-3-ﬂuoro—1 -buiene

CH,=CCICCIFCCIiF,

2 3 4-trichloro-3,4,4-trifluoro-1-butene

CH=CCICH.CCIF2

2 A-dichioro-4 4-difluoro-1-butene

CH,=CHCF,CHCl

4.,4-dichloro-3,3-1-butene
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per fl uor obut yl et hyl
bis(trifluoronethyl

ene) 4,4,4-trifluoro-3, 3-
) - 1- but ene

1,1.1, é17é4 4- hexaf | uor o- 3- PﬁT[US2006/042634

WORIHYS

(trifluoronethyl)-2- butene HFC-|52-

(CF3) 2CFCF=CHCF3 PFBE (or HFC 1549f z)

C%rbm é\&ﬁg': (CE3

ﬁptéﬂqﬁf@w ﬁﬂn Lpro-1<h en/;d

CO‘I?‘B(IEQ:W CF3)2 2 A3~ 31051&05} Baxmﬁhdm-g-!ﬂethyl- -pro J)ene

Iirl rll_rethyl)

b3nGRIchRTa .4 4rfuom- Loyt

| CHL=BFECIFOEHRS | uor o344-d(mlormm,m4rmﬂaaﬂuorae1pbmeaee

GG, R 2T U Celoro L bHOY LAY 2. Pt ene

| caEIeERCRoER,CF2CF3 |

1#&&%:@5@13@1’1&0@%( CF3) 2

CH2=CC|CF20H3

2-chloro-3, 3-difluoro-1-butene

4-chloro-4,4-difluoro-2-butene

CH3CH=CHCCIF>
(CF:;)QC:CHCf

1-chloro-3,3,3-{rifluoro-2- (tnfluoromethyl)—propene

CF3CH=C(CCIF;)CFs

2-(chlorodifluoromethyl)-1,1,1,4,4,4-hexafluoro-2-
butene

CHCI=CHCF,CCIFCF3

1,4-dichioro-3,3,4,5,5 5-hexaﬂuoro—1-pentene

CHCI=CHCF(CCIF2)CF3

-chioro—S—(chIorod:ﬂuoromethyl) -3,4,4 4-tefrafluoro-
1-buiene

CF3CF=CCICF,CF3

3-chloro-1,1,1,2,4 .4, 5 5 5—n0naﬂuoro—2—pentene

CHCI=CF(CF2):CHF>

1-chloro-2,3,3,4,4,5,5-heptafluoro-1-pentene

CHz=CCICF2CoF5

2-chloro-3,3,4,4,5,5 5-heptafluoro-1-pentene

CF>=CHCF2CH.CCIF>

5-chloro-1,1,3,3,5,5-hexafluoro-1-pentene

(CF3),CFCCI=CH,

2-chloro-3,4,4,4-tetrafiuoro-3- (tr:ﬁuoromethyl) -1-
butene

1| {CF3)2CHCH=CHCI

1—ch!oro—4,4,4~triﬂuoro-3—(triﬂuoromethyl)~1 -butene

(CF3)20=CHCH2C]

4-chioro-1,1, 1-trifluoro-2-(trifluoromethyl)-2-butene

,=CHCF(CF3)CCIF»

3-(chlorodifiucromethyl)-3,4.4,4-tetrafluoro-1-buiene

: CH2=CCICFQCFZCQF5

2-chloro-3,3,4,4,5,5,6,6,6-nonaflucro-1-hexene

CHCI=CHCF2CF2CaFs5

1-chloro-3,3,4,4,5,5,6,6,6-nonaflucro-1-hexene

The compounds listed in Table 4 are available commercially or may

be prepared by processes known in the art.
2-Chloro-3,3,4,4,4-pentafiuoro-1 -butene may be prepared by
5 chlorination of 3,3,4,4,4-pentafluoro-1-butene tb give 3,4-dichloro-
1,1,1,2,2-pentafluoro-butane followed by reaction of the dichloride with

ethanolic potassium hydroxide.
1-Chloro-3,3,4 4,4-pentafluoro-1-butene may be prepared by first
photochlorinating 1,1,1,2,2-pentaflucrobutane to give a mixture of
10 terminally chlorinated pentafluorobutanes. After separating the 4,4-
dichioro-1,1,1,2,2-pentafluorobutane by distillation, the dichloro derivative
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HFC- 1558szcc ( CF3) 2CFCF=CHCH3 HFC- 155852y
CFICF2CFaCF=GHCHE_ VD 2007/ 053673PCT1US20061042634
HEC- 1558f zccc  CH2=CHOF2CF2CF2CHF2 20067042634
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(CF3) 2C=CHCF2CH3 1,1, 1, 4, 4- pent af | uor o- 2-

&éé@@%@@%f@d ES@%@E}% hgem %ﬁrigg the desired 1-

(aHorol-3.8(h4Rt-pantpfidepehbatane.

HEC. 15D RNk et boFTGTD 1 bpShBanay BE prepared by
FASEH 2 kBl e o 2 borene
Edlﬁhlﬁrﬁrlpbmyd;ﬁmmmpmane fdlowsd W@a@ﬂgm@fi?@e resultmg
chloromethyl derivative with base as reported by Zapevalov, et. al. in the
Russian Journal of Organic Chemistry, Vol. 24, pagés 1466 to 1472
(1988). . - _ | |
2-Chloro-3,3,4,4,5,5,5-heptafluoro-1-pentene may be prepared by
c’hlbrinaﬁon' of 3,3,4,4,5,5,5-heptafluoro-1-pentene followed by treatment
of the resulfing dichloride with ethanolic potassium hydroxide.

2-Chloro-3,4 4, 4-tetrafluoro-3-(trifluoromethyl)-1-butene may be
prepared by chlorination of 3,4,4 A-tetrafluoro-3-(trifluoromethyl)-1-butene
followed by freatment of the resulting dichioride with ethanolic potassium |
hydroxide.

2-Chloro-3,3,4,4,5,5,6,6,6- nonaﬂuoro 1 hexene may be prepared
by chlorination of 3,3,4,4,5,5,8,6,6-nonafluoro-1-hexene followed by
treatment of the resulting dichloride with ethanolic potassium hydroxide.

1-Chloro-3,3,4.4,5,5,6,6,6-nonafluoro-1-hexene may be prepared
by first photochlorinating 1,1,1 2,2,3,3,4,4-nonafluorohexane to give a

- mixture of terminally chlorinated pentafluorohexanes. After separating the

6,6-dichioro-1,1,1,2,2,3,3,4,4-nonafluorohexane byrdistillation, the dichloro
derivative is refluxed with powdered potassium hydroxide to give the
desired 1-chIoro-3,3,4,4,5,5,6,6,6_—nonafiuoro-1-hexene. Cleaning
compositions can comprise a single unsaturated fluorinated hydrocarbons
as listed, for example, in Tables 3 or 4, or may comprise a combination of
compounds from Table 3, a combination 6f compounds from Table 4, or,
alternatively, 2 combination of compounds from any of Tables 2, 3 or 4
compounds and Formula | compounds. Such combinations of
unsaturated fluorinated hydrocarbons may be utilized to optimize the
solvency of a solvent composition for a particular solute.

Many of the compounds in Table 3 and Table 4 exist as different

configurational isomers or stereoisomers.” When the specific isomer is not
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CF3CF2CF=CFC2H5 1, 1,1, 2, 2, 3, 4- hept af | uor o- 3- hexene
HFC- 1567f zfy CH2=CHCH2CF(CF3) 2 4,5, 5, 5-tetrafl uoro-4-

WO@W&EE romet hyl ) - 1- pent ene HFC- 1567nyzzm PCTUS2006/042634
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(CFB)(CHS) 1,1,1,2,5,5, 5-heptafl uoro- 4-
nmet hyl - 2- pentene 1, 1, 1 3- tetrafluoro 2-

(déSi(_fjﬂlé{@ﬂoﬂﬁ ;’.%hénﬂnﬂéﬁﬁcﬁm% iftehdédYo ldlnde 5Asingds o- 2-
thyl-2-pentene HFC-1567mt yf (CF3)2C=CFC2H5

Hmflgamgta} ISOOMTp 28IAgIECHRERESOTREYS, 06 ABheoMmbination thereof.

tr‘? ?‘ﬁ%ﬁ%‘?ﬁ@%@ 'ES %ge%@@égﬁﬁ)}%%ﬁ%{cerca) is meant

QE&@Bréé‘éﬂfﬂ%Eﬁ@&ﬁei Z-isoMét, or Anyg c@rrﬂ)n@atﬁ)nhﬁm&ture of both
t et radecaf | uor o- ﬁtene FC- 161- 14nty

dsompprin-amnCrat mn%nqt gr examplg, is, Mclsloan—é %373 7,7-
T e e TR
t Z-istened, lon ang -confitdpatioreor mixture of both isomers in any ratio.

. Inone embodimeﬁt, the compositions disclosed have a Global
Warming Potential (GWP) of not greater than 1000. In another
embodiment, the compositions disclosed have a Global Warming Potential
(GWP) of not greater than 500. In yet another embodiment, the
compositions disclosed have a Global Warming Potential (GWP) of not
greater than 150. In still ye't.another embodiment, the compositions
disclosed have a Global Warming Potential (GWP) of not greater than
100. in still yet another embodiment, the compositions disclosed have a
Giobal Warming Potential (GWP) of not greater than 50. As used herein,
“GWP” is measured relative to that of carbon dioxide and over a 100-year
time horizon, as defined in “The Scientific Assessment of Ozone
Depletion, 2002, a report of the World Meteorological Association’s Global
Ozone Research and Monitoring Project,” which is incorporated herein by
reference. _ | , | '

In one embodiment, the present compositions have an Ozone
Depletion Potential (ODP) of not greater than 0.05. In another
embodiment, the present compositions have an Ozone Depletion Potential
(ODP) of not greater than 0.02. In yet another embodiment, the present
compositions have an Ozone Depletion Potential (ODP) of about zero. As
used herein, “ODP” is as defined in "The Scientific Assessment of Ozone
Depletion, 2002, A report of the World Meteorological Association's Global
Ozone Research and Monitoring Project,” which is incorporated herein by
reference. .

The amount of the unsaturated fluorinated hydrocarbons contained
in the present compositions (e.g., from Formula | and Tables 2, 3, or 4)
can vary widely, depending upon the particular application, and

-~22 -



HFC- 162- 13nyz CF3CF=CHCF2CF2C2F5

1,1,1,2,4,4,5,5,6,6,7,7,7- tridecafl uoro-2-heptene

1,1 ,1,2,2,4,5,5,6,6,7,7,7- tridecafl uoro-3-heptene
wdl2001p$623 2, 3,5,5,6,6,7,7,7- tridecafl uoro- 3- he@E/e82806/042634

HFC- 162- 13m:zy CF3CF2CHECFCF2C2F5  HFG- 162- 13ncyz .

CF3CF2CF=CHCF2C2F5 HFC- 1659szy C F3CF2CF2CF2CF=CH

cepmyosgitians contining raeredhan diase ameiyps and less than 100% of

" SRR e vitpE oS Iy SRS Pehecgag invention

(CH3) ZWWEﬁt %épés’énﬁc@nﬁo@ﬁicﬁé ahayfurihe? comprise
net hyl- 2- hexene 3,3 ,4,4,5,5, 6, 6-
ogh Zerass BEgRellené daeresal, @ropgﬂ@tmamassgt ip, dglivering the

Y o L T

Faflaeraddt2 Belrdsol propeilant is optionally mcluded in the present
composition in up to about 25 weight percent of the total composition.

Representative aerosol propellants comprise air, nitrogen, carbon dioxide,
difluoromethane (CFzHz, HFC-32), trifluoromethane (CF3;H, HFC-23), |
10  difluoroethane (CHF:CHs, HFC-152a), trifluoroethane (CH3CF3, HFC-
143a; or CHF>CH,F, HFC-143), tefrafluoroethane (CFsCH2F, HFC-134a;
or CFZHCFZH, HFC-134), pentafluoroethane (CFsCF,H, HFC-125), and
hydrocarbons, such as propane, butanes, or pentanes, or dimethyl ether.

In another embodiment, the present compositions may further
15  comprise at least one surfactant. The surfactants of the present invention
include all surfactants known in the art for dewatering or drying of
substrates. Représentative surfactants include élkyl phosphate amine
salts (such as a 1:1 salt of 2-ethylhexy! amine and is'oo'ctyl phosphate);
ethoxylated alcohols, mercaptans or alkylphenols; quaterary ammonium
20  salts of alkyl phosphates (with fluoroalkyl 'groups on either the ammonium
or phosphate groups); and mono- or di-alky} pho'sbhates of fluorinated
amines. Additional fluorinated surfactant compounds are described in U.
S. Patent No. 5,908,822, incorporated herein by reference.

The amount of surfactant included in the dewatering compositions
25  of the present invention can vary widely depending on the particular drying
application in which said composition will be used, but is readily apparent
to those skilled in the art. In one embodiment, the amount of surfactant
dissolved in the unsaturated fluorinated hydrocarbon solvent is not greater
than about 1 weight percent, based on the total weight of the
30 surfactant/solvent composition. In another embodiment, larger amounts of
surfactant can be used, if after treaiment with the composition, the
substrate being dried is thereafter treated with solvent containing either no

or minimal surfactant. In one embodiment, the amount of surfactant is at
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WD 2007/ 053673PCT1US20061042634 The conpounds
listed in Table 2 are available comercially or nmay

woggﬂg@:sl gred by processes known in the art or PRS/US2006/042634
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ed herein. In one enbodi ment, cleaning
conposi tions can conprise a single._ conpound as

'iﬁ%ét%oui 80 p%ngrﬁarw;m (ERRI, Bna wWelgHsRS! In another

|nent eanlng COHpOSItIOﬂS may C nprlse a
cniodisnent rtheﬂrrmmt@tﬁ stifatiaohisTisameabput 100ytotaboub 5080

e T an e B TR O AR n (Bs ERRE R i o

%@BPEOQ% aboltoz 104 ?;f)lln bddiorPihe 18l GRSTERt BT e dbwatering

Table 2 exist as different configurational 10 isoners
qompasitiesi. somers. Wien the specific isoner is not

nol ottt B a8 et AT b dbd uFR Eser, o
&ioﬁipﬁ%ﬁtﬁﬁﬁ&fo‘mpriﬁ‘ n%ﬁwvéﬁmmﬁﬁummhﬁr foplise *ﬁﬁ) eratenng
i nstance, 3,4 oct af | uor o- 2- hexe

_ af@@sgeﬁywcluge semroungishaying aplistatie p@n%%rthe ability
%;;] H%%ff)%{te s%tuc%r%ﬁ%h{‘ﬁbh %Bnﬁpcﬁ{lexééﬁs‘fra‘i@ggncﬁ a8 Yrisy
ot her exanple Is

ratio

Bbndl, sllica. ZJSE bf éin anfisfali¢ addifivede thé Homaterthg b@ppeﬁleons of
HFC- 162 13ntzy), by which is represented,t
¢ peaRent Ilwenamay Be ngrosAUR REavasH Septﬁ‘ﬁr%i stainswhen

Sl VAIEPSARARSAN om lpolBaes ke fars
fsuohaeglm*ieasm agd umisrarsiLr Mosﬂhélmarbm*as@dents of the

IR el el U SRR B4 by e Bor
%F_iﬁéﬁét@?@&f elér&ﬁb Budrent éHEtdér @@%1}1 Sdsip¥EREatic charge.
2=CHCF2Br 3-brono-1,1, 3, 3-tetrafl uoroProPene

Gollingrent gmaabcmtﬂathmp@dewaifanug rappnRgRitiensonrearseatignal
SRS B g AL AR SR e A B foary i e
fathir QB3Yyel oF the dihb Wr6ESIPRBER most of the water has been
removed from a substrate. Such static charge collects on non-conductive
surfaces of the substrate and prevents the release of water from the
surface. The residual water dries in place resuliing in undesirable spots |
and stains on the substrate. Static charge remaining on substrates can
bring-out impurities from the cleaning process or can attract impurities
such as lint from the air, which resulis in unacceptable cleaning
performance. In one embodiment, desirable antistatic additives are polar
compounds, which ére soluble in the present unsaturated fluorinated
hydrocarbon solvent and result in an increase in the conductivity of the
unsaturated fluorinated hydrocarbon solvent resulting in dissipation of
static charge from a substrate. In another embodiment, the antistatic
additives have a normal boiling point near that of the unsaturated
fiuorinated hydrocarbon solvent and have minimal to no solubility in water.
in yet another embodiment, the antistatic additives have a solubility in
water of less than about 0.5 weight percent. In one embodiment, the
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CHBr =CFCF3 1- brono-2, 3, 3, 3-tetrafl uoropropene
CHBr =CHCF3 1- bronp- 3, 3, 3-trifl uoropropene CH2=CBr CF3
2-brono-3, 3,3-trifluoropropene CH2=CFCBr F2 peri1s$2006/042634

WO 2804153¢/3- 2, 3, 3-tri f 1 uor opr opene CFBr =CHCF3
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1-brono-1, 3, 3, 3-tetrafl uor opr opene CFBr=CFCF3

SRR AR B PR et prsapt i unaturatd
ﬂ%rdgmt@d gy%fpgajmf swentl |Inone-ambodigrant, the antistatic

- br onp- 3, 3, , 4- tafl - 1- but
mdwwrytrgm@?mnee?ﬁﬁﬂ?@a?gf 1 butene

o ]
&n hntistatid atiditive is cffeativecipthurth doe gewataringnand drying and
1%]9%-: §{é'§;e,‘§f % rﬁewd;t}:%v%itér gﬂ@&% substrate as described below.
L br oRRofheB efidlihbHpichatas to b bthockfor tey@taingRemdrying a
substrate comprising: ,

a) contacting the substrate with a composition of the present

invention containing surfactant, thereby dewatering said
substraie and , l

| b) recovering the dewatered substrate from the composition.

Many industries use aquebus compositions for the surfacé :
treatment of metals, ceramics, glasses, and plastics. Cleaning, plating,
and deposition of coatings are often carried out in aqueous media and are
usually followed by a step in which residual water is removed. Hot air
drying, centrifugal drying, and solvent-based water displacement are
methods used to remove such residual water. |

While hydrofiuorocarbons (HFCS) have been proposed as
replacements for\the previously used CFC solvents in drying or dewatering
apbiications, many HFCs have limited solvency for water. The use of
surfactant, which assists in removal of water from substrates is therefore
necessary in mény drying or dewatering methods. Hydrophobic |
surfactants have been added to dewatering or drying solvents o displace
water from substrates.

The primary function of the dewatering or drying solvent
(unsaturated fluorinated hydrocarbon solvent) in a dewatering or drying

“composition is to reduce the amount of water on the surface of a substrate

being dried. The primary function of the surfactant is to displace any
remaining water from the surface of the substrate. When the unsaturated

“fluorinated hydrocarbon solvent and surfactanfaire combined, a highly

effective displacement drying composition is attained.
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(CF3) 2C=CHBr CF3CF=CBr CF2CF3
3-brono-1,1,1, 2,4, 4,515, 5- nonaf | uor o- 2- pent ene
CHF2CBr =CFC2F5

WORORHONH31, 1, 3, 4, 4, 5, 5, 5- oct af | uor o- 2- pent ene PCT/US2006/042634
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2-brono-1,1, 3,4,4,5,5, 5-oct af | uoro- 1- pent ene

cro-ca ot bolnenC i B bpGrg BIVENE of the gisclosure

Znbludetth8ss udsatubated Flubenatid matrocdrbba Hodisounds listed in

= 2 CBr F2 '
7 gf%?'é:gﬁ%@[eg?-& 5- hexaf | uor o- 1- pent ene

( CF3) 2 — . Co . . .
- br ony a5, abediment the fuoringted olefips for dewaferigg or drying
afteesebsifds GoBHYBb)eCFand Table 2 have normal boiling points of from

2-( ?r g@geﬁtg%lpgt %2&‘5&, 3, 3- Pent af | uor opr opene

. 2-(br qgﬂﬁi@g@&%ﬂ%ﬂﬂe&%&aﬁfﬁ HERERRINGP R drying is

(CF3) 2
bduisede 4f featt § Mdighiopercant basdd oo tiaithlddiventuiraotant

EP%ESF%)&%CEWB%H fluoro-2-(trifluoronethyl)-2-butene

In one embodiment, the dewatering or drying method of the present
disclosure is very effective in displacing water from a broad range of
substrates including metals, such as tungsten, copper, gold, beryllium,
stainless éteel, aluminum alloys, brass and the like; from glasses and
ceramic surfaces, such as glass, sapphire, borosilicate glass, alumina,
silica such as silicon wafers used in electronic circuits, fired alumina and

the like; and from'piastics such as polyolefin ("Alathon”, Rynite®, "Tenite"),

- polyvinylchloride, polystyrene (Styron), polytetrafiuoroethylene (Teflon®),

tetrafluoroethylene-ethylene copolymers (Tefzel®), polyvinylidenefluoride
("Kynar"), ionomers (Surlyn®}, acryionitrile-butadiene—styrené_polyme_rs
(Kralac®), phehol—formaldehyde copolymers, cellulosic ("Ethocel"), epoxy
resins, polyacetal (Delrin®}, poly(p-phenylene oxide) (Noryl®),
polyetherketone ("Ulirapek”), polyetheretherketone ("Victrex"),
poly(butylene terephthalate) ("Valox™), pofyérylate (Aryion®), liquid crystal
polymer, polyimide (Vespel®), polyetherimides ("Ultem"), polyamideimides
("Torlon"), poly(p-phenylene sulfide) ("Rython"), polysuifone ("Udel™, and
polyaryl sulfone ("Rydel"). In another embodiment, the compositions for
use in the present dewatering or drying method are compatible with
elastomers. '

In one embodiment, the disclosure is directed to a process for
removing at least a portion of water from, i.e., dewatering, the surface of a
wetted substrate, which‘ comprises contacting the substrate with the
aforementioned dewatering composition, and then removing the substrate
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CH2=CHCF( CF3) CBr F2 _
3-(bronodi fl uoronethyl)-3,4, 4, 4-tetrafl uOrO-1 - but ene
CF3CF2CF2CBr =CH2

WOROBH633, 3, 4, 4, 5, 5, 5- hePt af | uor o- 1- pent ene PCT/US2006/042634
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b firfack &Qstﬂjst&@é‘iﬁénw&ppéﬁﬁﬁnelﬁtﬂ{ 8fdie. By "immersion |

brom nati on of 4- brorno-1, 2, 2- pentafl uor obut ane
acyclsUis soeamigingeeycle m@lvmgaﬁbleﬁsta step wherein substrate is

o8 et pafd LR Gt S5 R T 4 Beb iy DRIREAE gl

bawoRbts efeurfactant remaining adhered to the substrate can be further
2-Bronp-3, 4, 4, 4-tetrafl uoro- 3- tr| Iuoro F%‘I
ocar cn

heEnoNed lb}é%lﬁf@ﬁﬂ% the,subsite W %H

L SO BT R pver

Imbﬁﬂebrsafsetthe presafice afgﬁl.midctmhrdmamm@ optthasubsirate.

Pﬁ%gﬁ;ﬁug il O@ﬁ:ﬂ‘@ﬂggge ithe, gapfgaddt I':e? ﬁgnts?rattg % effected by
déffdrﬂﬁ%r‘? 0 E‘lgﬂg&‘a%n 4R §6F\lﬁh?£\€g}rﬁéﬁﬁ{:én&%r%batmosphenc

rocar oons esented In an be used

c;blgsaumg; campa smpleyes] and temparsatungs apoveasst kelow the
substrat e TAl t Na -
Pﬁﬂle%ﬁe%'“ OE?:JQC?H 'g c%“teﬂ% rorrFSpr opene

1, 2-di Qf@a‘tﬁﬁc?s oF &rﬁaétfﬂgfmécﬁu%sﬂraw Witk ewatering composition

1-chioro-3-fluoro-1-propene

lamhhatrasitizal anbean vanrwidehe Epicexameplerthe syksteateicapbe

immersed in the composition, or the substrate can be sprayed with the
composition using conventional equipment. Complete immersion of the
substrate is preferred as it generally insures contact between the |
composition and all exposed SL;rfaces of the substrate. However, any
other method, which can easily provide such complete contact may be
used. ‘ '

The time period over which substrate and dewatering composition
are contacted can vary widely. Usually, the contacting time is up to about
5 min'utes, however, longer times may be used if desired. In one

" embodiment of the dewatering process, the contacting time is from about

1 second to about 5 minutes. in another embodiment, the contacting time
of the dewatering process is from about 15 seconds to about 4 minutes.

Contacting temperatures can also vary widely depending on the
boiling point of the composition. In general, the contacting temperature is
equal to or less than the composition's normal boiling point.
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or 0- or O- - pr opene
GEirEpanl),GRtBers (such as diethyi ether, methyt tertiary-butyl ether),

ketones (such as acetone), esters (such as ethyl acetate, methyl
dodecanoate, isopropyl myristate and the dimethyl or diisobutyl esters of
succinic, glutaric or adipic acids or mixtures thereof), ether alcohols (such

~ as propylene glycol monopropyl ether, dipropylene glycol monobutyl ether,

and tripropyiene glycol monomethyl ether); and hydrddarbons (suchas
pentane, cyclopéntane, hexane, cybiohexane, heptane, octane), and
hydrochlorocarbons (such as trans-1 ,2-dichloroethylene). When such a
co-solvent is employed with the present composition for substrate
dewatering or cleaning, it may be present in an amount of from ébout 1
weight percent to about 50 weight percent based on the weight of the

- overall composition.

In cleaning apparatuses, including vapor degreasing and vapor
defluxing equipment, compositions may be lost during operation through
leaks in shaft seals, hose connections, soldered joints and broken lines.

In addition, the working composition may be released to the atmoéphere
during maintenance procedures on equipment. If the composition is nota
pure component, the composition may change when leaked or discharged
to the atmosphere from the equipment, which may cause the composition
remaining in the equipment to exhibit unacceptabie performance.
Accordingly, it is desirable to use as a cleaning composition.comprising a
single unsaturated fluorinated hydrocarbon.

in one embodiment, the compositions of the present disclosure are
useful as cleaning compositions, cleaning agents, deposition solvents and
as dewatering or drying solvents. For proper operation in use,
microelectronic components must be cleaned of flux residues; oils and
greases, and particulates that may contaminate the surfaces after
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In yet another embodiment, the present disclosure relates to a

method for cleaning surfaces by removing contaminants from the surface.

~ The method for removing contaminants from a surface comprises

contacting the surface having contaminants with a cleaning composition of
the present invention to solubilize the contaminants and, optionally,
re'covering the surface from the cleaning composition. The surface is then
substantially free of contaminants.

As stated previously, the contaminants or residues that may be
removed by the present method include, but are not limited to oils and
greases, flux residues, and particulaté contaminants.

in one embodiment of the method, the contacﬁng may be

" accomplished by spraying, flushing, wiping with a substrate e.g., wiping

cloth or paper, that has the cleaning composition incorporated in or on it.
In another embodiment of the method, the contacting may be
accomplished by dipping or immersing the disk in a bath of the cleaning
composition. | |

in one embodiment of the method, the recovering is by removing
the surface that has been contacted from the cleaning composition bath
(in a similar manner as described for the method for depositing an a
fluorolubricant on a surface as described below). In another embodiment
of the method, the recovering is by allowing the cleaning composition that
has been sprayed, flushed, or wiped on the disk to drain away.
Additionally, any residual cleaning composition that may be left behind
after the completion of the previous steps may be evaporated in a manner
similar fo that for the deposition method as well.

The method for cleaning a surface may be applied to the same
types of surfaces as the method for deposition as described below.
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ImetHods Wf e i%&&é&éﬂeﬁ%&xﬁ%h&’h&éﬁcﬂpéﬂ Srhpbhei! O

1- but ene CFSCE: :
Subistratey -of any ptheradicls @, portion dlnereof by zoptastispdhe article

éﬁ@{‘é%ﬁ@z@é” E%m%?éiti%h%fqﬁg tp?efzel,eun%rir?\fe%'tigﬁ.n Hi%he purposes of
convenience, the term “article” is used herein to refer to all such products,
parts, components, substrates, and the like and is further intended to refer
to any 'surfac:e or portion thereof. Furthermore, the term “contaminant” is
intended to refer fo any unwanted material or substance present on the
article, even if such substance is placed on the article intentionally. For
example, in the manufacture of semiconductor devices it is common to
deposit a photoresist material onfo a substrate to form a mask for the
etching operation and to subsequently remove the photoresist material
from the substrate. The term “contaminant’ as used herein is intended to
cover and ‘encompass such a photo resist material. Hydrocarbon based
oils and greases and dioctylphthalate are exampies of the contaminants
that may be found on the carbon coated disks.

In one embodiment, the present method comprises contacting the
article with a cleaning composition of the invention, in a vapor degreasing
and solvent cleaning method. In one such embodiment, vapor degreasing
and solvent cleaning methods consist of 'exposing an article, preferably at
room temperature, to the vapors of a boiling cleaning composition. Vapors
condensing on the object have the advantage of providing a relatively
clean, distilled cleaning composition to wash away grease or other
contamination. Such procesées thus have an additional advantage in that
final evaporation of the present cleaning composition from the object
teavés behind relatively little residue as compared fo the case where the

object is simply washed in liquid cleaning composition.
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contaminant from the arttcle In one embodiment, this step is then

" followed by immersing the article in freshly distilled cleaning composition,
which is at a temperat_ure below the temperature of the liquid cleaning
composition in the preceding immersion step. In one such embodiment,
the freshly distilled cleaning composition is at about ambient or room
temperature In yet another embodiment, the method also includes the step
of then contacting the article with relatively hot vapor of the cleaning
composition, by exposing the article to vapors rising from the hot/boiling
cieaning composition associated with the first mentioned immersion step.
in one such embodiment, this resuits in condensation of the cleaning
composition vapor on the article. In certain preferred embodiments, the
article may be sprayed with distilled cleaning compositien before final
rinsing.

It is contemplated that numerous varieties and types of vapor
degreasing equipment are adaptable for use in connection with the
present methods. One example of such equipment and ifs operation is
disclosed by U.S. Patent No. 3,085,918, which is incorporated herein by
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d t
ar&«*e%%&mtb”a cripRer Daind B of B SRR ErcERlsolvent

ﬁ?a Hofh. tTHR BatAThagbe s abeodmtémperatarsorte ihgated or
con I'ng the substrate with surfactant- frﬁeiﬁ:) ﬂ
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of the dewatering process is™from about 15 seconds to

about 4 mnutes. 30Contacting tenperatures can al so
vary widely depending on the boiling point of the



I n one enbodinent, the conpositions of the present
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stated previously, the contam nants or residues that
may be 15 renoved by the present nethod include, but
are not limted to oils and greases, flux residues,



Sem conductor surfaces or magnetic nedia di sks of
silica, glass, netal or netal oxide, or carbon may
‘have contam nants renoved by the nethod. In the

WORBIM5¥7descri bed above, contani nant may be - r difoh/E3P006/042634
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be cleaned in liquid cleaning%conposition at about
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amount of the tar get contahtnant fromthe article. In



In one such enbodinent, this results in condensation
of the cleaning conposition vapor on the article. In

ertajip. preferred enbodi nents, the article nEyr/BS006/042634
wo §firhSicts
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with distilled cleaning conposition before
flnal rinsing. 30It is contenpl ated that nunerous
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t he environnent. Therefore, solvents
FH§¥6$f$@§gémﬂ§gd in this application should consider

5 environnmental inpact. Al so, such solvent nust

di ssol ve the fluorolubricant and forma substantially
uni formor uniformcoating of fluorolubricant.

Addi tionally, existing solvggts have been found to
require higher fluorolubricant concentrations to
produce a given thickness coating and produce
irregularities inuniformty of the fluorol ubricant




15 PFPE conpounds range from sinple perfluorinated
et her polyners to functionalized perfluorinated ether
pol ymers. PFPE conpounds of different varieties

t hat
wona7/158674sef ul as fluorol ubricant in the pr es(—%’ﬁ;chUSZ"06’042634
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i nvention are avail able from several sources. In

anot her enbodi nent, usegéhﬂﬂ%goubri cants for the
present inventive netho ut are not limted
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as those from Moresco (Thailand) Co., Ltd, which nmay
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i nvention are useful. The present inventive nethod is
particularly useful in coating nmagnetic nedia such as
conmput er drive hard disks. in the manufacture of
comput er di sks, 25 the surface may be a gl ass, or ,
al um num substrate with | ayers of nagnetic nedia that

is al so coated by vapor deposition with a thin (10-50
Angstrom | ayer of anorphous hydrogenated or

ni trogenated carbon. The fluorol ubricant may be
deposited on the surface disggLndirectly by appl yi ng
the fluorolubricant to the carbon | ayer of the disk.
30The first step of conbining the fluorolubricant and
sol vent may be acconplished in any suitable manner



20 cooled to tenperatures ranging fromabout 0 Cto
about 50 C. Alternatively, the disk may be

supported as descri bed above and the bath ma
Worzg(ﬁp %ﬁzﬁlglz%olgmzm

10

15

20

25

30

83?0 i mrerse the disk. In either case,
may then be renoved fromthe bath (either by | owering

the bath or by raisingt ' Excess
-fl uorol ubri cant/ sol vent é)?A PL 30n can be .drai ned

i DYrithdSis oh CFREHECHCF(CF Bk (FSiEDf the met hods for
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hydrocarbon) on its surface. The residual solvent may
be evaporated. Evaporation is usually perforned at
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f An500Hel reuad dodtono flask wies envipRadawilh str a bageng an agditon
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e’ surface of "the disk, the
probability of contact of the head with these areas
on the disk is nmuch greater. Wile there is a desire
to have enough fluorolubricant on the disk to flow
into areas where it my pranpored by head contact or
ot her neans, coating that 1s too 20 thick nmay cause
"snear," a problem associated with the read/wite
head  pi cki LD uor ol ubri cant. One
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ef fect.

ese irreqularities are visuall ected on
t his(tsiphéay @hosphh@%ipk@l(fafdi%arbaawdgiﬁa anéf@ﬂﬁémoleﬂ and

oA EOYEIRS £o Bof0. 0020 FRIOHMSE, s azrom

Oﬁafeiel}ll@y“" sHakeranbe iandﬂﬁatmatmﬁ)dthbe? hoemuader r om

the solution, any points re the so i O
asuiogenau® PEaasUIDt AdRlSH ¢ aiﬂf9g‘6‘e§3°é'| @P"@'&o@*’éﬁea the
sQl uti [ [ by, &S 3.3
SBlafENEF cCAT AR aCERS (04 pBCied fy arldhhesatiduct
points) with the mandrel or other 30 support device
with the disk. When a V-shaped mandrel is used, there
are two contact points at which the mandrel contacts
the inside edge of the disk.4¥ben solution of

fluorol ubricant forns drops in these |ocations that

do not drain off when renoved fromthe bath, an area
of greater thickness of fluorolubricant is created



and scope of the invention. Mre specifically, it
wi || be apparent that certain cleaning conpositions
or cleaning agents which are chemcally rel at edggz%ﬁmms“

WOR7H61S3 i tuted for the conpositions descri bedCHh

10

15

20

25

while the same or simlar results would be achieved.

Al'l such simlar supstitutes ZE%ggqinodl |cahE q

& areath); the porversion ofe3dithp -NGRRAYRIGREY 'raNpWas

Q%vﬂin the spirit,. scope, and concept of the |
|on as defined by the appended clai ns. EXAVPLES

30The present invention is further defined in the

foll owi ng Exanples. It ﬁgggkgﬂggﬂunderstood t hat

t hese Exanples, while i 5preferred

enbodi ments of the invention, are given by way of

illustration only. Fromthe above di scussion and
t hese Theaapiliysof msatmiaitéd ﬁubnonleﬁtne:ommmds tardissalye a

?fﬁé%?e’wﬂ@ﬁ Waslarere RS S Rimddt s Bl b
aﬁﬂ'&teocﬂhrbtﬁﬁié?nv |9él§nd3bﬁﬂgﬁé nﬁﬁ@r@bébﬁnﬁmmﬂs’r

e ITnvention to a it to vari ous uses ?
@ap@mtednﬂto tsmEpmsasE Tegmea@lﬁ in Table 1 show that the

spwebisied Gioredigu exmpelds REE AR T df € &

(f%%gﬁt&ﬁbsbolrﬁgd@iﬁbﬁsé selfioR .of 05 Wt P§ bﬂti‘reomt vRs rpafepared in
were added toQ a
Hhetlmlsapjrateshﬁlm‘DOIGﬁ)BeCQimplmfbt dythis eé@@l@‘? JPE snggiyrated

i
AP g pasmegnsptr e Ui bolon
mcdwdtesla@omigdeand Fae daupa EREEs: oLAE G 1.
gan\D@lf'gé? ?)F)Pﬁlﬁ% Pé{%ﬁﬁé’d B kinsyaqa Egéﬁ’rﬁgeﬁfﬂéess Thus, unsaturated

pr open Int react or . '
tfligroSRSA donspaurissearebe nsed asamnier Bids forithe @?P%IUOH of
Mpa). The products of t{1e three reactions were.
cﬁbﬂtﬂuﬁ?@@aﬁﬁﬂe'ﬂjpgm asuls rategl ve 322.4 gm of
CAF9CH2CHI CF3 (52.2135 mm) in 70%yield. 20 ,
Conversion of CA4F9CH CHI CF3 to F14E CAF9CH2CHI CF3
(322.4 gm 0.73 nol es) wasTabliedd dr opwi se via
addition funnel to a 2L round bottom fl ask equi pped
with stir a bar and connected 25 to a packed
st T Tation colum an@oqlgmmy "h@?ng The fbamltmg thickness
cOrnt ai ned i sopropylialcohol {303+ "ml,nz
DA TRISI0200 wat br (SOSmIﬁG)bleProduct was 2-9 ugle

; h—soditm tabrsulfite
Knex @RI IRB S anll distil Isé%blghr ough| a 22"?[.}%0!11
Ht+ted—wthgtass heli ces. The product, F14E (173. 4

gm 76% boils at 78.2C. It was characteri zed by
3019F NWR (8-66.7 (CF3, m 3F), -81.7(CF3, m 3F),

-124.8 (CF2, m 2F), - 126 4 , m 2F), and -114.9
ppm (CF2, m 2F)) 1H NNR(E—@@ in chloroformd
solution. WD 2007/ 053673PCT/ US2006/ 042634 EXAVPLE 2
Synt hesi s of

1 1, 1, Krgto$ GPls 166 0 wasaviged onfqasiean (i caursneak

= %é\p% (Ws%altgthhg\{sl A g\gg W%ﬁgi welg?hed agam and then
c\%aﬂeé by, inrRe@idn inte I‘[a’f H;B)Z &l58,617, ér&eS@l‘@@agﬁpafm@goct-S—

dded t 400 m tell oyTM
eolEad oot HET000 IaPPaBtiE.: LA SRS A sy B 1

.30 péﬁﬁﬁ%&ﬁga?@dﬁd’.% codRIR Wik ihé%ﬂfbvﬁé’!@h@& a@tshe percent of
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under simlar conditions were combined and washed
with two 200 nL 10 portions of 10 wt % aqueous sodi um
' Lje. The organi c phase was dried over ﬁ@&ﬁgyﬁ%m4ug4
‘Vogﬁﬁ@%%Z% and then distilled to give 277.4 gm of
CAF9CH2CHI CF3 (79-81C/ 67-68 mmHg) in 37%vyield.

f FO.CHI E
SRR Sove AR et B Teh T Tardp Ly e
ﬁﬂ:‘eﬁt He Eidéli]@nte Aclezmit flbeinmaed wilke was
arged wth C4AFOCH C2F5 (277.4 gm 0.56 nol es)

and i sopropanol (217.8 g). The addition funnel was
charged with a sol ution o% BE§@SS|un1hydrOX|de (74.5
g, 1.13 noles) 20 di ssol ved i 83. 8 g of water. The
5 KOH solution was added dropwise to the flask wth
raDI d St| rr| nO over the caourse nf hnuf oRre hG 1y

Samplenpst.af goepen oth Pﬁ‘é‘i"&ﬁbd £ | ¥¥ho3 Feupgn 4 p Refcaps sof

reacti g SS difl te Pt psHi6Yed
recovergﬁgﬁytgﬁ§®g eparatlon “&ﬁ %ﬁ%ﬂﬂg%ﬁﬁgs washed
with 50 nL portions q(ryﬂdxw %aqunous 'sodi um
25bjisulif it e _and wat ar dried--over 7 h-of- dc;gg
andlthen dil8:818%d 4t at ﬂrﬁgﬁﬁérl c areggzﬁég The

pa¥a I CoOAE . f-4.90

B+ uuL B t
gh acterl ;9&%&1% M 1?§§2§DOI ago m 3F\ 180

=853 41 OF3, 10283 -114 716G4®8 m PF) 10.7188 1 (CF2100
m 2F) . -124.8 ppm (ICE2 m 2F) 126 3 ppm{-C2—m
2F)) and 1H NMR (5 6.48) in chloroformd solution. 30
- 39 - EXAMPLE 3 Synthesis of
CF3CH=CHCF(CF3) 2_( F131E) Synthesis of CF3CHI CH
CF(CF3)2 (CRF3)2CFI. (265 gm 0.9 nole) and
2,2,2-trifluoropropene (44.0 gm 0.45 5 nole) were
added to a 400 m Hastell oy-rm shaker tube and heated
to 200C for 8 hours under autogenous pressure

(maxi mum of 585 psig (4.14 MPa)). The product was
collected at roomtenperature to give 110 gm of

(CF3) 2CFCH2CHI CF3 (76-77C1200 mm) in 62%vyield. 10
Conversion_of UCl -j . CF2,,31911 1&E A 500 m round
bottom fl ask was equi pped with stir a bar, and an
addi tion funnel and connected to a short path
distil-lation colum and dry ice trap. The flask was
charged with isopropyl alcohol (50 m), potassium
hydroxide (109 gm 1.96 noles), and water (109 ml).
(CF3) 2CFCH2CHI CF3 (109 gm 15 0.28 nole) was slowy
added dropwi se via the addition funnel at 42C Duri ng
the addition, the tenperature increased from42 to
55C and the product distilled out of the flask. After
refluxing for 30 m nutes, the tenperature in the
flask increased to 62C. Product was coll ected, washed
with water, dried with Mg504 and distilled. The
product, FlI 31E (41 20 gm 55%, boils at 48-50C and
was characterized by 19F NWR (8-187.6 (CF, m 1F),
-77.1 (CF3, m6F), -66.3 (CF3, m3F) in chloroformd
sol ution. EXAMPLE 4 25 Synthesis of CAF9CH CH2C2F5
3,3,4,4,5,5, 6, 6, 6-Nonaf | uorohex-1-ene (20.5 gm

0. 0833 nole), bis(triphenyl phosphine)nickel (0)

di car bonyl (0.53 g, 0.0008 nole), and

perfl uoroethyliodide (153.6 gm 0.625 nole) were
added to a 210 m 30 Hastell oyn" shaker tube and

heat ed at 100C for 8 hours under autogenous pressure.
Anal ysis of the product by GC-Ms indicated the
presence of CAF9CHI CH2C2F5 (64.3 GC area % and the
di adduct (3.3
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GC area %; the conversion of
3,3,4,4,5,5, 6, 6, 6-nonaf | uorohex-1-ene was 80. 1%
EXAMPLE 5 5 The ability of unsaturated
fluorool efin conpounds to dissolve a fluorinated oi
was determ ned by addi ngLAMSmount of the oil to the
unsaturated fluorool efin conpound until the m xture
becanme turbid or separated into two phases. The
results in Table 1 show that the 10 unsat urated
fluorool efin conpound has high ability to dissolve
the fluorinated oil. In addition, -a solution of 0.5

1. WA Sohaint tdrepsitionwamprisieg ai ansaturatel duarinagidihyateedrbon
fluorool efin conpound. I'n this exanple, the
urrgRingties Remilth ROCHeCHRF rwhwasin R is CF; and R? is

-1,1,1,2,2,5,5,6,6,7,7,8,8,8-tetradecaf |l uOrQoct - 3-ene
( REREF.CIRCEVeir@hn saie ttamposiigprfosheres@piiasp@cheratob t he
solution, the 15 sol vent evaporated, and the coupon
r orygdiigited. Table 5 shows the average coating
. obtained by this dip coating process. Thus,

2. Unsadnenbéabdsltidacempasingas angauraes ficaimake nyamdaman
carrier fluids for the deposition of the fluorinated
OiHaviag te Rrmewd &' CRECHR2 WiRiadie RO is@H, abalRilE [ ity in
F24E Coating thickness Krytox GPL 102 oil m scible
2.CF,LYLCHBFKRHefin SRl cdMBodtidn fORtE cbrherisd s upfgétantn2
Exanple 6 25 Krytox GPL 106 G| was w ped onto a

3. ChpaRoMBbSlorCTURMA 1, AherleMANE a¥vobd Rrapeidri s@lé‘ﬂ@tfrom'rh e
coupon was wei ghed again and then cl eaned by :

| TgeRifbGEh, E&tbén dioxide, difluoromethane (CF,H,, HFC-32),
1,1,1,2,2,5,5,6,6, 7, 7 8, 8, 8- t et radecaf | uor ooct - 3- ene

( Er?me}on?éthérIéG(CFgg fPlFt@JZB)e GALGIOEtharld @€ HRO RGN HVS143),

i mersed f m nute then air dried. The coupon

VagrbRRhahe \eHANE dHaD A BB SoriBHICERLF, PFC-Md), r enpved
was det erm ned. These results in Table 6 shom1that

! W&r&lgbmgﬂﬁbn@&ﬁ:ﬁ%&@ HiFec 1 344, o CREHRHI HF@l@apl ng
: fluorlnated ol | .
pentaﬂuoroethane (CF30F2H HFC—125) and hydroc:arbons such as
propane, butanes, or pentanes or dimethyl ether. |
4. A method fof removing residue from a surface cohprising: 7
a. contacting the surface with a composition comprising an unsaturated
fluorinafed hydrocarbon having the formula E- or Z-R'CH=CHR?,
wherein R' is CF3 and R? is CF.CF,CF,CF;, and
b. recovering the surface frorh the coﬁpbsition.

5. The method of claim 4 wherein said composition further comprises an aerosol

propeliant. |

6. The method of claim 4 wherein said composition further comprises a

surfactant.
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Tabl e 6 Sanple W .- of coupon before coating W of
coupon after coating with Krytox oil W of coupon
after cleaning Percent soil renoved 1 10.6782 10.7384
10. 6786 99 2 10.4968 10.5328 10.4967 100 3 101183
7L0TH 88tHHA. of tRidn 4Qtheréh AR olnpoAitise furiet caropizes iatdoon
conprising an unsaturated fluorinated hydrocarbon
hasgivagntt he fornmul a RLCH=CHR2, wherein Rl is CF3 and
R2 is CF2CF2CF2CF3, wherein said conposition further
conprises an aerosol propellant. 2. A solvent
conposition conprising an unsaturated fluorinated

shyTHeOgRIHRb BRh BGviHehan tiey EBHt#:tiRa (HrebiRBiished &y &iapoRl
i's CF3 and R2 is

degreasing.

9. The method of claim 8, wherein the vapor degreasing is performed by:
(i) boiling the composition; and

(if) exposing the article to vapors of the boiling cleaning composition.

10. The method of claim 4, wherein the contacting is accomplished by immersing'
the article in said composition, wherein the composition is at a temperature

greater than ambient or room temperature.

- 11. The method of claim 10, wherein the composition is at a temperature of about

| the boiling point of the c"ompo-si.tion.

12 The method of claim 4, wherein the contacting is accomplished by wipfng the

- article with an object soaked in the composition,

13. A method for depositiﬁg é fluorolubricant on a surface comprising:
(@)  combining a fluocrolubricant and a solvent, said solvent comprising an
unsaturated fluorinated hydrodarbon having the formula E or Z-
| R'CH=CHR?, wherein R'is CF; and R2is CF,CF,CF,CFs.
to form a lubr’icéri.t-'sbi-veﬁf-combi_nation;_

(b} contacting the combination of lubricant-solvent with the surface; and
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CF2CF2CF2CF3, ~wherein said conposition further
conprises a surfactant. 3. The conposition of claim
1, wherein the aerosol propellant is selected from
air, nitrogen, carbon dioxide, difluoronethane
( CRe2H2,evibératidy thd soifdntifroonbt sarfacd FdiHn Hf@raiBpricant
di f I uor oet hane (CHF2CH2F, HFC-143), trifl uoroet hane
- ( Gt¥f6hg on HieCeukida; or CHF2CH2F, HFC- 143),
tetrafl uoroet hane (CF3CH2F, HFC- 134a; or CF2HCF2H
HFC-134), pentafl uoroet hane (CF3CF2H, HFC-125), and
hydr ocar bons, such as propane, butanes, or pentanes
1arTHE ietnaY lof &IdNar 13, dhefeiMEiaidcoris HRARY angniiesidduer
froma surface conprising: a. contacting the surface
Wi rh BteAal CRABTRIN Shéth Pokidd WRbdr depdsia cdrfsont br gihed
fl uori nat ed hydrocarbon having the fornmula E- or-
Z- RICH=CHR2, wherein RL is CF3 and R2 is
CF2CF2CF2CF3, and b. recovering the surface fromthe
15OfMRORetHRNof Blaink N4, MRb&IER e Slirfddd & WRETHRI 4 nfjnetic
conp03|t|on further conprises an aerosol propellant.
6. mddigmmet hod of claim4 wherein said conposition
further conprises a surfactant. 7 The nethod of _
claim4 wherein said conposition further conprises a
co-solvent. 8. The nethod of claim4 wherein the i
\ [

1 R I SR S mUIRAC ABALATE o Sombuter
Siideer fornmed by: (i) boiling the conposition; and
(ilﬁ@exposing the article to vapors of the boiling

cl eani ng conposition. 10. The nethod of claim 4,
wherein the contacting is acconplished by imersing
d t

1Y, hl%earﬁétb&!i 8 bind 35 wﬁ&%otﬁlgtdaﬁ%ctéﬁrﬂégttégr]Qtaﬁ%ﬁnpgﬁ%edeby
or

méﬁﬁfﬂﬁéft'ﬁﬁﬂ%i%n%ﬁiﬁ bl i EaEb0RAeR) o Al ien,
the boiling point of the composition. 12. The nethod
of claim4, wherein the contacting is acconplished by

Tﬁlsgng?[’l Hfagl%gﬁ 1% W’T%Iﬁlnﬁﬂ?% %Ee:'%j g&@ﬁ?gaé&n{dﬂ&éd by
cSHBRORE S Rta e Do A E i i o ibant %) 4

sol vent conprising an unsat urat ed f1 uori nat ed
hydr ocar bon haV|ng the fornula E- or ZRI CH=CHR2,

1§05 oot obPolehi sCBhmmE fﬁ%@%ﬁﬁ@%ﬁ o

c i nati on of cant solve t e _surfac
Wcaﬁaoﬁfﬁat swnb"ﬂa et B o 42 kY RoBeli Bibant,
n§ e|n the surface is that of a sem conductor
téW@gtpﬁﬁEWEI netal oxi de, vapor deposited carhbon
or glass. 15. The method of claim14, wherein the
surface is that of a nagnetic nedium 16. The net hod

2 T Rty 1, wheEe s A P S 1 g Sotfalplpd

the contacti co ed by dipping or
| Berart MR R ALY TP g or
_ quorqubrlcant 18. The method of claim 13, wherein

the contacting step is acconplished by spraying or
spin coating the surface with the fluorol ubricant.
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19. The nmethod of claim-13, wherein the

fluorol ubricant concentration in the

| ubri cant-sol vent conbination is from about 0, 02

wei ght percent to about 0.5 weight percent. 20. The
hetihedmethod! af naidid, 18hewiedraint it évapubatantg comptisess a

~acconplished at a tenperature of fromabout 10 Cto
abeutilud@pblyethdd. The nmethod of claim 13, wherein the
fl uorol ubricant conprises a perfluoropol yether. 22.
The nethod of claim 13, wherein the fluorolubricant
is selected fromthe group consisting of

e Thé WRRIRRPLNY@AIRET S, \anstei thé ALERILLNEIR ¥ selddted from the
process for renoving at |east a portion of water from
t hgroalicbAsigtingfof peMRibFRfblvetHesd ard RixtFad theRfgPcess
conprising: a) contacting the substrate with the
conposition conprising an unsaturated fluorinated
hydr ocar bon having the formul a RICH=CHR2, wherein Rl
235 APrécedB Jor e movingrAGE3S2 bbrdon W RaR Aol '@e surface of a
conposition furthér conprises a surfactant, and then
- b) wEREPMIRBattNEaig PRRIES LEmMpRgR:-cont act wi th said

conposi tion.

a) contacting the substrate with the composition comprising an
unsaturated fluorinated hydrocarbon having the formula R'CH=CHR?, wherein
R'is CF; and R?is CFZCFQCFZCFS, wherein the composit_ion further comprises
a surfactant, and then. |

. b). . removing the substrate from contact with said c’bmpositioh. .
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