WO 2009/073592PCT/L S2008/085100 SULFUR CONTAINING FLUOROALKYL AMINES AND
ISOCYANATES FIELD OF THE INVENTION The present invention relates to sulfur containing
fluoroalkyl 5amines, methods for making the same, and isocyanate/isothiocyanate derivatives of the
same. BACRGRAYNBOF THE INVENTION Sulfur containing fluordalkyl mesiessawe useful as
intermediates for compounds which are in turn useful for imparting water and oil repellency 10to
textiles. Sulfur containing fluoroalkyl amines used in this manner may be found in Example 8 of

Rondestvedt et a 7 [ y d r ] 10dQ-fluoroalkyl
with an aminoalkg%l%%ﬁ]épec’# :i %r@%&%ﬁ%@%ﬁeﬁﬁ@eggéd%%f%ﬂm (an
iodo-fluoroalkyl) with HS-CH2CH2-NH2 (an aminoalkyl thiol) to make
CF3(CF2)5(CH2)2-S-CH2CH2-NH2 (a sulfur containing fluoroalkyl amine). One disadvantage of
preparing sulfur containing fluoroalkyl afiiilds @ECOHENNWERE IDRthod disclosed by Rondestvedt et al.
is that crude product obtained by such a method can contain up to 29 mole percent of impurities. To
increase yield and reduégeheeseiunyghineselrgsuidtiasf@0tertdntagdlbasaiodn used as reaction
solvent (J. Ofg. ey d 9723 298M18R5 WOy Sin teRuRNAL /R ERIRRIM gpensive and
subsequent isolation of the product can be unpredictably tedious due to foam and emulsion formation.
In addition to proBféatyepsBietdMehother dlsadvantage of 25preparing sulfur containing fluoroalkyl

amines according to the method di 2! |%that such a method is incapable of
producing oxidized forms of sulfur f Rondestvedt et al. disclose a

method of making Su|fUé 5':'1'? JEH@&{F L m'nﬁme as CFL‘}‘I(gs',:t 5(C )Zt S- %‘,HZCHZ NH2,

the method 30 of RondesL{ved roduce corres on ing oxi 1724 forms sug
“compounds whnch are in tum useful for smpamng water and oil repellency

10 totextiles. Sulfur containing fluoroalkyl amines used in this manner may
be found in Example 8 of Rondestvedt et al. (U.S. Pat. No. 3,655,732)
wherein they are made by reacting an iodo-flucroalkyi with an aminoalkyl
thiol. Specifically, Rondestvedt et al. teaches reacting CF3(CFz)s(CH2)al
(an iodo-fluoroalkyl) with HS-CH,CH,-NH; (an aminoalkyl thiol) to make

15 CFa(CF2)s{CH2)2-S-CHoCHo-NH2 (& sulfur containing fluoroalkyl amine).

One disadvantage of preparing sulfur containing fluoroalkyl amines
according to the method disclosed by Rondestvedt et al. is that crude
product obtained by such a method can contain up to 29 mole percent of
impurities. To increase yield and reduce the amount of these impurities,

20 tert-butanol has been used as reaction solvent (J. Org. Chem. 1977, 42,
2680 — 2683); however, tert-butanol is relatively expensive and
subsequent isolation of the product can be unpredictably tedious due to
foam and emulsion formation.

In addition to problems of poor yield, another disadvantage of
25  preparing sulfur containing fluoroalkyl amines according to the method
disclosed by Rondestvedt et al. is that such a method is incapable of
producing oxidized forms of sulfur containing fluoroalkyl amines. While
Rondestvedt et al. disclose a method of making sulfur containing
fluoroalkyl amines such as CF3(CF2)s(CHz)2-S-CH2CH2-NHz, the method
30 of Rondestvedt et al. cannot produce corresponding oxidized forms such



as CF3(CF2)5(CH2)2-S(0)-CH2CH2-NH2 or CF3(CF2)5(CH2)2-8(0)2-CH2CH2-NH2. BRIEF
SUMMARY OF THE INVENTION The present disclosure provides a method of making sulfur
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estvedt. For example, unlike previously’known methods, the disclosed

method can achieve higher yigldsqf sulfufsoptainaoriliorealeianipes without resorting to costly

solvents. Furthermore, unlike previously kKnown méthods, the disclosed method can produce oxidized

forms of sulur congaipiaa dhoHaliysaraNE WISKCH IEthU bR AR Rl BOuSHEhing In the
disclosed method, a fluoroalkyl thiol is reacted with a N-vinylamide resulting in an amide intermediate

which is fieprealidcasaing s digh Ryt ieomatbsrRghRIR e afeY eystuikRRY LSS Imine.
Optionally e agigeinipeEngdiieran be suhigeaddaoxigaionpiinpie, daamdatipaibesmpy producing

an oxidized form of sulfur containing fluoroalkyl amines wherein the sulfur atom thereof is oxidized.

Fluoroalk§neis MEERAdE: tHE S re ISP emnski saete s Crthrashiryg HYehies-QigldRerlirsHiiichosen from |
a CZ-C1%8@@%@8#%Mkwegﬁwsim@ﬂu%mmnw&m%@@mm!kmﬁn@%p@pnalIy

replaced by hydrogen, and/or ii) the perfluoroalkyl can be optionally interrupted by at least one oxygen,
methyleneNBrR:MERYIRLSLY iKRpiBe M RiAdRhe PR discinngstimpinaricaariPinier HK#RE optionally
interrupteg ysabeaskoneSHYalaRLOMUBRIGIA Winined\nHBYEMidBSFRTk Hfb RaRERSENTdisclosure
are represented by H2C=CH-(CHZ2)y-NR-C(0)-R wherein y is an integer chosen from 0O to 16,
preferabl?’i’fj%‘?tﬂimost preferably O0; and each R is independently chosen from H or a Ci to C4 alkyl,
preferably methyl, and most preferably H. When the aforementioned fluoroglkyl thiols and the
aforementioned}{ﬂ\ﬁﬁ?llQ|'ﬁfd%gegrcng\:ﬂSTéi‘é’ﬁé.-d:‘1iﬂ%ﬁﬂ%’rI YhHuuith fﬁ@‘ﬁ?&&ﬁtlhd%ﬁé‘é%m@% result is
an amiderigdarmediatenchthig P iagsii siselesunicrey esentedbiycied-to deacylation to make
S-C(H),(CH3)i-(CH2)z+0-0-NR-C(0)-R wherein each R is independently chgsen from H or a C1 to C4
alkyl, prefé&t46 9 oSt Hot ARGy Hiarratkyl AT or 10BIRAGEY tHES- B MGre
preferablynstnisdisas ¢ arbSillgyer e e aRissabhtittdd T ayhish. thereoapiodbenrsgotherwise
noted, the aforementigned definitgons for Rf, Q,e@, J@%Wf z are app(llji]ed con isgﬁ% throughout the
specificatfSh BAdiZRANR ™M oSl FRD IR SR ARG WIERYL b 2ijkcted to

deacylatigndiepfesldgrigsdifur containing fluoroalkyl amine represented by
RIQ-S-C(H)1(CH3)J-(CH2)z-F(j.1)-NHR wherein R is chosen from H or a C1 to C4 alkyl, preferably
methyl, and mogtipteteiikylythiofdplissfallyn [trier poesenodis cbtheackgropm dbatatiody Rtermediate of
the present disglosure can be subjected to oxidatiop to proguce a sulfur oxide intermediate of the
present iaeLIH VEBe B B RO ST & ) WA LY IR0 R st x s 1 or 2.
Except wheateinthetwisehibie haiie:afortimectioheduageiontdin reisiaced iophsidtentiy tanadighout the
specificatign, and clajms. T ulfur oxide intermediate can then be subjected to deacylation to
produce éﬂséﬁ r@gﬁ@\ﬂfﬁé}ﬁﬁ()r%%ﬁk %mﬂﬂé% b@%"&HFQﬁé&%xu% rE@p"’}%seorﬂgd gen,
Rf-Q-S(0pveih)igtiél 3)r(CR)zhe 1 eN HRckswio fshnkribengnethodsngetingobEaaable- Gf making
sulfur containing fluoroalkyl amines having the :S(0)),- moiety. .. _Adyantageously, the amide
termed BT A eS8 R B A RS R P PRP O A Fel R I SHENR C(0) R can
be subjected to qxidation such that the sulfur atom thereof j lectively oxidi ile,the amide
group, NR-C(0)- j??%%ﬁ‘é Unoxi |§Eu§. ,R:]ftg[rt'h %xi(%%%%ﬁ?deé%ﬁéﬁgﬁéca%ée céﬁgﬁ%@é%g nvert the
amide gradyCNEHS(O)R), iRat ddjiré grbepsif\MRstleremjagsulihgéea sufor Sottaihthg

fluoroalkyl amine yherein the sylfur therepf is oxidized, Ryeviously knawn ods orm any
intermedigfgrpvevﬂaibr&rf ’tr?en(s}u EP%%%%FE%SrPO&bgﬂ %g%s%?egi{}sjﬁ%yg&rzﬁa n H? c?g:ﬁ?aesr}dﬁ)oqﬁg present

disclosuresrparévido <Dy latiowrpreéthably ordghylaked ongsd prefsveldydin both a sulfur group, -S-, and an
amine group, -NHR, are present thereby rendering the selective oxidation of the sulfur group

impossible becaféeast tifne pafienstiatokinnaibflopthelimitkigo@nd thacdoremgntionadirdtaspect,

g\eéeéﬁog)aﬁé{ﬁ%ﬁ@égg%%%ﬁ%'%%@@#@ R}{mﬂé%%%@ht disclosure, the
2



wherein: Rf is chosen from a C2-C12 perfluoroalkyl provided that: i) one fluorine atom of the
perfluoroalkyl can be optionally replaced by hydrogen, and/or ii) the perfluoroalkyl can be optionally
interrupteddyltat|easboridoiygemeatiztey lehithco petbglendiscloQuie depsesdntad the Hrelp-consisting

of a C2- rogarby ption interrupied by at least,one divalent organi .and xis 1 or
5. 215 0 O T B T o TR . Sad o Lt o WG, ant R i
I-rll. f InfaicgaRdelrmea%ﬁB(m mgfkgipmammmbalkwﬁdmmatm&rmidcymat@lrébrjesented by
the formula; Rr-Q- -C(H)(CH23)i- z4.0--0-N=C=X1 wherein: X1 is 00r.,S; ftis chosen from a
Co-C12 S GB 2ot UIACR e ) OB FuBITIE Bl of e baorodior Lhe et Sy

replaced pyeteradisigdn? aid/oadigi thelperfluoroalkyl can be optionally interrupted by at least one oxygen,
methylene, or ethylene; Q is chosen from the group consisting of a C2-C12 hydrocarbylene
optionally interripteepyndiceastioermviieaiete drfzmiafgremsrdistediefinitlonsid@ 6,104 8.1 or 2, jis 0

e i & dre apoiS A SERET TS RN et Mgl SR TRIRG = S

containinb JI’Il.YoéFloall%y amine comprising eps reactl presented by Rf-Q-SH with a

reprecented by 1oL 0 A I E2 ) ) R o) R A B e e B 12
perfluorodikgtpatiddetd theed ome flidfificcardaironth8ysearibyb ARyncarepecsphiterallyrEptaced by
g{gftﬂgfe”r%%@ﬂef#i&{&%gﬁi{@ﬂfgsﬂ}sy}%q RSARIGAAMILASLBICHIN ff H3sions exyaRp, methylene,
preferably methyl, and most preferably H. Optionally, prior to removal of the acyl
group, the amide intermediate of the present disclosure can be subjected to
oxidation to produce a sulfur oxide intermediate of the present disclosure
represented by ReQ—S(O)—C(H)}{CHa)~(CHz)z+(-1~-NR~C(O)-R wherein x is 1
or 2. FExcept where otherwise noted, the aforementioned definition x is used
consistently throughout the specification and claims. The sulfur oxide
intermediate can then be subjected to deacylation to produce a sulfur containing
fluoroalkyl amine of the present disclosure represented by RpQ~S(O)—
C(H}{(CH3)~(CHz)z+¢-1)-NHR.  Previously known methods were not capable of

making sulfur containing fluoroalkyl amines having the ~5(0),— moiety.

Advantageously, the amide intermediate of the present disclosure
represented by ReQ-S—C({H){(CH3;)—~(CHz)z+.9~-NR~C(O)-R can be subjected to
oxidation such that the sulfur atom thereof is selectively oxidized while the amide
group, NR-C(O)-R, remains unoxidized. After oxidation, deacylation can be
conducted to convert the amide group, NR-C(O)-R, into an amine group, -NHR,
thereby resulting in a sulfur containing fluoroalkyl amine wherein the sulfur
thereof is oxidized. Previously known methods do not form any intermediate

wherein the sulfur atom thereof can be selectively oxidized. In contrast to



Q is chosen from the group consisting of a C2-C12 hydrocarbylene optionally interrupted by at least

one divalent organic group; each R is independently chosen from H or a C1 to C4 alkyl; y is an integer
chosen fipim (reddniz didtioslfe] ipieoiols)ys Rnawin prostiedghatilyj=21dkeptongilyuedsting the

amide integ@ediatéq th an oxidizing agent.to produce a sulfur oxide int_(?\r!rﬂ diatigeere r‘craessenr,(]ted by
Rf-Q-S(OY /BN %?Q - RIR:C10)-R Wi dih SN PP Esubjecingthe Bmide intermediate
or the sulftes@bidednigsmeslidie tedetioyativdadoprofitice thefsufuowpritapusgifiisobeattybamine.
DETAILED HL%ESC%I P.I ON'é?F' TH% lHVEN.TION Unless otherwise stated, the Rf moiety referred
to througﬁf) (11 QE ik ‘%eﬂo e E?r’f)lm'r'.glecf?{-oelﬁgt)erfIuoroalkyl provided that: i) the perfluoroalkyl
can be optionallpdvemdingsd by a ldast oaspexygaehemetsyleneyidedthydhasraatifgr ignoine fluorine
atom of the perflugroalk {ca be c?%ionally substituted by one hydrogen when the perfluoroalkyl is not
interrupté'(?‘f&?ﬁ‘?& BP dRTIEIR:. Examples of ft moieties which are chosen from a perfluoroalkyl
without substitutions or interrypti inelud F CF3(Gh wherein m is an integer from
1to 11. Examples of ft moietiii%_ ﬁ%@%‘%@%ﬁ@%hﬂﬂ@fﬁy substituted by one hydrogen
include (CF%)%%H, CF3(CF2)200FHCF2, and HCmF2m wherein m is 2 to 12. Examples of ft moieties

which are choseri from a perfluoroalkyl which is interrupted by at least one oxygen include

_CF3((_3F2)200FQ@M@#@@EZ}Z@@?HMUQ@KBW%BZ@BQ[tb@Fd_Q?EG?dF@]ﬂﬁl@@RPWWherein m
S 2n ntegpr Tha ARG 430 B T bRy He BRI OhRSIEHeSuileh afp fRosen from a

C2-C12 perfluo whichis interrupted by at least one met e CF3(CF2)3(CH2CF2)m
and CF3(aF)B(CHRYRBmbertinailisiniezrunted byaat peasboiervigges whfdhwesehesen from a
perfluoro%lgﬂgllglﬁéch is interrupted by at least one ethylene include F[(CF2CF2),,(CH2CH2)m]kCF2CF2
wherein n'=1,72,76r 3 preferably 1; and m = 1, or 2 preferably 1; and k =1, 2, or 3. Unless
otherwise staté?l jstehosren Trioor dagkgroniplcorsistiol aé ased-throbyhosamiviansrricaatdans a

compoun%{g%eﬁgat%g f%yf é@b%'é' ﬁ{bg@? &é{gﬁgcbgﬁg&ogp‘&he group consisting of a 02-012

hydrocarbylene ‘'optio nterrupted by at least one ent organic group. The fluoroalkyl thiols
useful in the presehtdnention can be made by any known method. For example, Lantz (U.S. Pat. No.
4,845,300) disgls?ssgsﬁh? following reaction scheme for making thiols useful for the present invention:
R1CH2CH2| + S=C(NH2)2{RfCH2CH2S-(NH2)2}+ r + 5 NaOHR1CH2CH2SH + Nal + 0=C(NH2)2 +
MeOH whereinifisid or 2, j is 0 or 1; provided that i+j=2; and provided that whenlis 2, z is

0; and
Ris H.
in a second aspect, there ‘is provided a fluoroalkyl isocyanate or

isothiocyanate represented by the formula:

Re~Q-S(0)~C(H)M{CHz)~(CHz)+(1-N=C=X"

wherein:

X'isOorS;

R;: is chosen from a Co—C1, perfluoroalky! provided that: i) one fluorine atom
of the perfluoroalkyl can be optionally replaced by hydrogen, and/or ii) the
perfluoroalkyl can be optionally interrupted by at least one oxygen, methylene, or

ethylene;



defined therein. Alternatively, Jacobson (U.S. Pat. No. 5,728,887) discloses hydrogenation for making
thiols useful for the present invention: RFCH2CH2SCN + H2 -4 R1ICH2CH2SH + HON wherein Rf is
defined thereirQ Adteraativeliora thioatetaictneistingiafea(THarihgyEbearb 2RO, dia4all73 -183)
can be used acc rgn to Lpfe followi rea tion: RICH2CH2] + KSOCMe (saponification) -3
RfCHZCI—’%ﬁUP({Q ,R%al.t) ast %ﬂ?eaﬁ@@@cla‘?é%?%%%}%y?& ides referred to throughout this
disclosure andxusefulriz the present invention are represented by H2C=CH-(CH2)y-NR-C(0)-R wherein
y is an integer chosen from 0 to 16, 15preferably 1, and most preferably O; and each R is
independently%f‘ﬁ)éeq{f om H or a C1 to C4 alkyl, preferably methyl, and most preferably H.
NVinylamides uigefupirethesiiesent pnuelktientmaieavell known compounds which are commercially
available such as N-vinylformamide, Nvinylacetamide, N-vinyl-N-methyl-acetamide, N-vinylpyrrolidone,
and N- 20ally' foimathice aspedt) thenaéhyd ittt prastimdriee miakira fusulfaikgbtiihisgeacted with
a N-vinylgfnide rﬁsvltirpjgningonmarr}is(‘ji% in[ erm edig\tgfwhich is then subjected to deacylation to make a
correspo éﬁ?lrgog 1 con%lnlnd)ﬁuorga kyl ARIIRE, Optionally, the amide intermediate can be subjected
to 250xidatiorepatingoadtracly fetivashetet \bprBduQidgHamwikidiZéd foyrarofda feprasaaiathyluoroalkyl

amines wherein.the, sulfur hereqf is oxidized. nless otherwi tat h '
intermedig%&g%%ﬁ!e&c)iQ%ﬁ%%é@%ﬁs%igé?o%uu?% gpﬁ%ﬁ%ﬁﬂﬁéﬁﬁ By %ﬁ%#ﬁﬁ% -
(CH2)z+(R)-NRISO)FR(@hkieitCéaoh & ishifidpenpdntivheresen from H 30 or a Ci to C4 alkyl,
preferably methyl,.and most preferably H. The amigde int iates.of the_pr ti [on are made
by reacting a quorgléI'ﬁy%qgé)r}g&@ ) Vﬁfh ‘gﬁm%?ny?fr%?éfe@ﬁ%?:v&%?éﬁé%ﬁﬁ%"c%f%W‘Q
Specifically, the amiicka intErihedizdeuoh tadkyesent inveotiboraily bee piadedo\pthehfidmgadical addition
of a fluoroalkyl thigl, Rf-Q- to a N-vinylami C=CH- -NR-C(Q):R. ' nditions for
free-radical conditlaohr@(grgﬁv%ﬁ r':iB(')-\#/I\IvunoW%h%rﬂ aﬁsmﬁfﬁﬁ%‘égﬂ %a)}r{ﬁmg%gor&gc%ﬁg%grgg ree-radical
addition involves dizsggbsingnetieyéngy aleathofi@aehosen thiol, one equivalent of a chosen N-vinylamide,

e R RN (e sl e il aevetes
chromatography-naéissalgctroenaipt€d oyhsebGinaméitdiigent organic group,
each R is independently chosen from H or a C; to Cy4 alkyl;
y is an integer chosen from 0 to 16;
zis 0 to 14;
iis 1or2,jis 0 or 1; provided that i+j=2;
b} optionally reacting the amide intermediate with an oxidizing agent to
produce a sulfur oxide intermediate represented by
Ri~Q-S(0)—C(H)}{CH3)—(CHz2)z+31~NR~C{O)-R wherein x is 1 or 2;
c) subjecting the amide intermediate or the sulfur oxide intermediate to

deacylation to produce the sulfur containing fluoroalkyl amine.

4a



Useful initiators for free-radical addition are well known in the art and include: azo compounds, such as
azobisisobutyronitrile and azo-2- cyanovaleric acid; hydroperoxides, such as cumene, t-butyl and
t-amyl hydroperoxide; diaRgTdtaxi €3 SQRI BT i Fy Taitd idishiAbeiéxide; 15peroxyesters, such
as t-butylperbenzoate and di-t-butylperoxy phthalate; and diacylperoxides, such as benzoyl peroxide
and lauryl peroxidelgssroxiderstieh asigtedulthie; Badmuedls satdrieshpler. Banghesbfthieful organic

sovens SRS RS i b stescoich g En e o

opropyl acetate; oﬂ?o’ls, such as
2- methapekfetbaratkyineihyierophinialy, istsropted b ahéhskpsth axybenomeflywene, or
2-methoxyprapan-2-ol: and.ketone a tone, methyk tone, hyl ketone,
such as I%m)é @?—’2? B?&gn‘ n%&aﬁ?ﬁ?ﬁ%%? ?ﬁerﬁoy{%l%@ r%%%ﬁfn%ﬁvgégo ?ﬁéﬂ%@%toluene
are suitalslebstituteriamplteneativedio fese-ratral Huithenfltoecatiide intaroteditessipfate present

invention can be made by, the Mich iti lugr thigl, Rr-QO-SH Nrvinylamide,
H2C=CH- rﬂ@( 36/3']\? R%(gﬁ%,e@s%hgagé&ga%délggmgiuﬁs of%%b%%{ée%dgﬁ é’% ?er?%ér%&a.'m%ﬁl%m hydroxide
or 30sodiparfuahidékyl wWithestlfaubsidletiotermedidnsroiptiens e sesitideefldn )atd maarslby the

oxidation ide intermediate_usj n axidizi ”t’Fr%%éﬁ'H P [ idation may
optionally@r&gﬁ?ﬁ%&?g yés?t%‘gu%r?éagégﬁ%ﬁle{ﬁ%qﬁaﬁ:gﬁﬁlny p oé?)%%rcgt?ee? ﬁ%ﬁﬁgﬁe\@@?gmmonium
bisulfate, anedahogeref the @ et aligh sdalisteaeyusod dudrepexidatbdieeF 840} moiety of

the resultj ide iptermediats i (8)2-. amp equse talyskis in
Tetrahedgﬁzg%%lés,@#’%@é@ 2832 agnj_' ?ﬁig%@t %géﬁer@elfz%stgepﬁl. \(ﬁ%ﬁﬁo@ %gglyhsfts are used
during oxdaiitieghehisionrenthieseof filvenr es phirity suikalk pixidel thtdsnirigiuupted3py) atAaastample of a
method for con Ing oxidagion. of ke | late_inyolv; | e mgl,.qquivalent of
an 10oxi0£|)?|ﬁg goég pre@?g&% hy?ﬁ%@f g@%@%% ak?o'?JHt o%ﬁrﬁﬁ%@gﬁﬁéﬁ an ghﬁde
intermediQXEObtoRalQ G (R pleEehc2@REataletiin soemn(intdgebiyoan GitoHdd ansh s ethanol)
atalowt ratgr pically a tigri i hj g o warm~typically to
about 50-%%%93 oHéc |V§Te8ﬁ1g'om léhgpn%r%zgcﬁ?ﬁ %%ﬁ?gp%?gs%%f %ﬁﬁﬂ%cﬁéﬁﬁ%nitored via
gas chrometfigraphikylpericdbmpretaieniptedn o s ask) ang excethyinadizimeagtent is

destroyed;.for, rog i %ﬁ?? stro ! |J1Jti§n fsso%i g e. The
solvent c(;(%]%geér%a ég%ﬁ }g/%g%%ﬁﬁs%ﬁ%%%%% th%éiéﬁlt%&r%ﬁi@j%oﬁtairﬂ%g'crugle piro uct can be
washed (efgRowitttiwatet)ichdmzictidseaduum.a perfluoroalkyl which is interrupted by at
least one ethylene include F{(CF;CF2)(CHCH2)m ik CF2CF2 whereinn =1, 2, or 3
preferably 1; and m =1, or 2 preferably 1; and k=1, 2, or 3.

Unless otherwise stated, the term “fluoroalkyl thiol” or “thiol” as used
throughout this disclosure means a compound represented by R~Q-SH wherein
Q is chosen from the group consisting of a C,—C+y hydrocarbylene optionally

interrupted by at least one divalent organic

4b



The sulfur containing fluoroalkyl amines of the present invention can be made by deacylation of an
amide intermediate or a sulfur oxide intermediate. Deacylation of an amide intermediate can be
performed by acid catalyzed or base catalyzed deacylation. Deacylation of a sulfur 250xide
intermediatéAABEFERBrmed by acid catalyzed deacylation. Acid catalyPAE{HeeEsNEHeh can be
conducted by adding to an amide intermediate or a sulfur oxide intermediate in solvent (preferably an
alcohol such as ethanol) at a low temperature (typically 0 C), a molar excess (typically about a six-fold
excess) of concegtoated Bodi(emaBoh ydiae hiseitbici the Thisenkiaveristined lsmehadewed to warm to
ambient tempera r an.initial formati f fo tﬂz eagtiop mi is-slowly heated and
held at reflux tem%é%ﬂr%%g@oﬁ? g@ ) %c%rg;ggc%% h(lﬁéj}ﬁg? 'eép%g{'rgis% gﬁéé’%@étion can be
monitored via gadiépiesaaiog minyingmeeienmeteseninsgiokingthjoi$ okefal Sofdtien is brought to
about 8-10 by ca ing.ag) ; i (it ﬂ lgtio T% resulting sulfur
containing fIuorogéﬁ%ﬁﬁi%lgﬁﬁé%{%%%ép%tes a%}%gb% ﬁgr(?l ggﬁe%gnd@;ﬁ tfsoﬁjated, e.g. with
a separatorysfunid Qittern &iUElC H1BE dnitabhilmGalitis)dedwedHhovagusods Ikase is added. Base

catalyzed deaCyl@@ﬁHé&?‘ﬂx@%iﬁ‘?%Mi%l dﬂeg%ﬁ)@:ﬁé?ﬁﬁﬁ%é%glgﬁ/aiejive-fold excess) of

concentrated base (e.g. sodium 10hydroxide) to the ami in solvent (preferably an

alcohol such as dlisgiesigatademasaiiveriruraaigadhiRiousEaHR hikwiesr étinenten allowed to
warm to ambientgenperatgeadine reacionspixgie s siRwinbeaiad andduaidhat reflux temperature

(about 85 C) for about 8 hours. The progress of the reaction can be monitored via gas
chromatography %8 Festitfigalinaly. coRtigipGeiete Ssapediatere. ifbaits foftared®Plies as a bottom
layer and cap be igalated, - @p)\darasepasatancdrdinglio thIBRoitRaaspMaaes-lihg formation of
A e e e - Raponittation) s ROHACHAAN & Kaag, 27 I-D-R-CIO-R, Is that
Uniess otherwise stated, the N-vinylamides referred to throughout
this disclosure and useful in the present invention are represented by
H2C=CH—(CH2),~NR~-C(O}~R wherein y is an integer chosen from 0 to 18,
15 preferably 1, and most preferably 0; and each R is independently chosen
from H or a Csto Cs4 alkyl, preferably methyl, and most preferably H. N-
Vinylamides useful in the present invention include well known compounds
which are commercially availabie such as N-vinylformamide, N-
vinylacetamide, N-vinyl-N-methyl-acetamide, N-vinylpyrrolidone, and N-
20 alllyi formamide.
in the method of the present invention, a fluoroalkyl thiol is reacted
with a N-vinylamide resulting in an amide intermediate which is then
subjected 1o deacylation to make a corresponding sulfur containing
fluoroalkyl amine. Optionally, the amide intermediate can be subjected to

[N
w

oxidation prior to deacylation thereby producing an oxidized form of sulfur
containing fluoroalkyl amines wherein the sulfur atom thereof is oxidized.

Uniess otherwise stated, the amide intermediates referred to
throughout this disciosure are represented by R—Q-S—-C(H){(CHs)~
(CHz)z4.1~NR-C{O)~R wherein each R is independently chosen from H
30 ora Cqto G, alkyt, preferably methyl, and most preferably H. The amide
intermediates of the present invention are made by reacting a fluoroaikyl
thiol, R—Q-SH, with & N-vinylamide, H,C=CH—(CH,),~-NR~C{O)~R.



20the sulfur atom therein can be selectively oxidized while the acyl group - C(0)-R is remains
unoxidized thereby forming a sulfur oxide intermediate represented by Rf-Q-S(0)x-C(H);
(CHA-(CH2)z+(-1)-NR-C(0)-R wherein x is 1 or 2. The sulfur oxide intermediate can then be subjected
to deacylatiBfPtePeUHAEPE the amide group, NR-C(0)-R, into an amine grolfp" @SN thereby
resulting in a sulfur containing fluoroalkyl amine wherein the sulfur thereof is oxidized. Previously
known methods do not form any intermediate wherein the sulfur atom thereof can be selectively
oxidized. In contrast to Spe¢ifesént inyentida, iprevicasiydmoithanedseds iomgnticekescompounds

wherein both 2 4468459 fd A0 RRIARAIRINAR AR IS HRTCR B A C1 1o 04 ally

preferably methyl, ar st pre are present thereby rendering the selective oxidation of the
sulfur group impds¥ibldaneicguskeT She{foténiidl Bxidébrof kregiivmeqqaiipns for fikecordingly, it was

previously unknqwihawdadnaks a&Wisir euainingdusroalkidamine of thearrsgrbinvention
represented by Ri-Q5S(0)-CH2-C(H);(CH3),-(CH2)1+0-1)-NH2 wherein: R is chosen from a 02-C12

perfluoroalkyl pr&# g e eradici At RSNy PIeS FERbIBL P EABLISRI R Ay replaced by

hydrogen, and/otfip¥ae padiverealkuheaspeaptinnsdy miekypiadibyaideasianadmxygen, methylene,
or ethylene; 10Q.i

terupet by ot IOSST AL AIEAL SR BB AR 8PS £ T2 1 0 o 1.

provided that i+j=21it st svihe atarive vidityisisltmod oo wooplE ke seeyapteandisathiocyante

cotiocyante douintE A IR BTl e BB R TR rerein:
is 0 or S; 20ft is ch@R&Priftgm a C2-C12 perfluoroalkyl provided that: i) one fluorine
Useful initiators for free-radical addition are well known in the art
and include: azo compounds, such as azobisisobutyronitrile and azo-2-
cyanovaleric acid; hydroperoxides, such as cumene, t-butyt and t-amy!
hydroperoxide; dialtkyl peroxides, such as di-t-butyl and dicumyiperoxide;
15  peroxyesters, such as t-butylperbenzoate and di-t-butylperoxy phthalate;
and diacylperoxides, such as benzoy! peroxide and lauryl peroxide;
peroxide such as persulfate; and metals such copper. Examples of useiul
arganic solvents for free-radical addition include: ethers, such as
tetrahydrofuran, dimethoxyethane, 1,4-dioxane; acetates, such as ethyl
20  acetate, butyl acetate, and isopropyl acetate; alcohols, such as 2-
methanol, ethanol, methylpropan-2-ol, isopropanoi, 2-methoxyethanol
(monoglyme), 2-methoxypropan-2-ol; and ketones, such as acetone,
methylisobutyl ketone, and methylethyl ketone, such as N-methyi-2-
pyrrolidone, and mixiures thereof. Also hydrocarbon solvents such as
25  toluene are suitable.

As an alternative 1o free-radical addition, the amide intermediates of
the present invention can be made by the Michael addition of a fluoroalkyl
thiol, R—Q-SH, to a N-vinylamide, HC=CH—(CH.),-NR-C(O)}-R, using
catalytic amounts of a base, such as tertiary ammonium hydroxide or

30  sodium hydrige.

The sulfur oxide intermediates of the present invention are made by

the oxidation of an amide intermediate using an oxidizing agent, such as

6



atom of the perfluoroalkyl can be optionally replaced by hydrogen, and/or ii) the perfluoroalkyl can be
optionally interrupted by at least one oxygen, methylene, or ethylene; Q is chosen from the group
consisting of a C2-C12 hydrocarbylene 25optionally interrupted by at least one divalent organic group;
and x is 1 of*® 2H878¥1; iis 1 or 2, jis 0 or 1; provided that i+j=2. PCIBRARIEEAY isothiocyante
derivatives of the sulfur containing 30 fluoroalkyl amine of the present invention can be made be made
by any suitable process which converts a primary amine group (-NH2) to an isocyanate group

(N:C:(O) or i)sothiec;yﬂd@.gFﬁlqoquaﬁar&ae(mpﬁanaﬁbeiotladamamyefmmeamgodipri’mar;; amine
group (-NH2) to an.i =C= i ] s 08543) consistent
with the fouowing}%@%&gﬁ@gﬁ%é@"ﬁ%&%@%ﬂ?gwﬁ Rfﬁ?%””é’é%ﬁﬂééﬁ%%%m +2 NEt3
Rf-CH2CH2-S-CHGHs Keeot+ oS (meiCetalyste R Med Alvéxaapra 89, ihethod of converting a
primary amine gigip) (Nl o ARSRIRRKRSImGrBURE N makmanbedpypd inoh Org. Chem. 1956,

21, 404 405 consistent with the following reaction scheme: Rt-CH2CH2-S CH2-NH2 + CS2 +
Et0C(0)C1+2 NEXTR'S RedisAsA2ISUeh seialysiisced eletre#lS S EENACI. Examples

Table 1 below stepyy thesfuaatil Bleletsebthrougbput ieexesies K heredsas Thiol #1, Thiol
#2, and Thiol #3. Table 2 below s

ow ide intermedjates made from the thiols in Table |. Table 3 15
e sulft o LB D RS o TSN TR EU B PHIE . Table A shows sulfer
containing fluorinatedremtimessnd| & fromthexamige oitermetiadesocaudhotiogideiddéomediates which
are labeled Fluorj ' JQrin ine.#2. Fluarinat ' ne_Eluorinated
Amine #4. Table%%ﬁ%@%v%@%@u e?qgéﬁgﬁ%%%ﬁ%ﬁﬁﬁ%ﬁ%%?ﬁﬁ S%P ﬁé@g{é%pgﬁj%rinated Amine
Salt #1. Tabfe 4 Wéwgm@@ﬁi@@fam@tﬁhadmﬁi@@ﬁéﬂ@%mm& sichalespectively labeled
Fluorinated Isocyanaig &h: 3rd FhpiRalad-Retireyapadndily in the presence of catalyst)

in solvent (preferably an aicohol such as ethanol) at a low temperature
{typically about 0 °C) and stirring the mixture while allowing to warm
(typically to about 50-60 °C) to activate the oxidation reaction. The

15  progress of the reaction can be monitored via gas chromatography. Upon
complete conversion (about 5 hours) any excess oxidizing agent is
destroyed; for example hydrogen peroxide can be destroyed with a
solution of sodium suifite. The solvent can then be removed by distiliation
and the resulting residue containing crude product can be washed (e.g.

20 with water) and dried in vacuum.

The sulfur containing fiuoroalkyl amines of the present invention
can be made by deacylation of an amide intermediate or a sulfur oxide
intermediate. Deacylation of an amide intermediate can be performed by
acid catalyzed or base catalyzed deacylation. Deacylation of a sulfur

25  oxide intermediate can be performed by acid catalyzed deacylation.

Acid catalyzed deacyiation can be conducted by adding to an
amide intermediate or a suifur oxide intermediate in solvent (preferably an
alcohol such as ethanol) at a low temperafure (typically 0 °C}, a molar
excess (typically about a six-fold excess) of concentrated acid (e.g.

30 hydrochioric acid). This mixiure is stirred and allowed to warm o ambient
temperature and after an initial formation of foam the reaction mixture is
slowly heated and held at reflux temperature {(about 85 °C) for about 5



CH2=CH-NH-C(0)-CH3 9-10-(0)04cHO)N-H0=3HO CH2=CH-NH-C(0)-H H-(0)0-HN-HO=tH3
Hi-(0)0-HN-H0=zHO

WO 2009/673592 PCTAISZO08/085100

hours. The progress of the reaction can be moniiored via gas
chromatography. Upon complete conversion, the pH of the solution is
brought to about 8-10 by carefully adding agueous base {e.g. sodium
hydroxide solution). The resulting sulfur containing fluoroalkyl amine in
5  crude form separétes as a bottom layer and can be isolaied, e.g. with a
separaiory funnel. Alternatively, if the ammonium salt is desired, no
agueous base is added.
Base catalyzed deacylation can be conducted by adding an excess
(typically about a five-fold excess) of concentrated base (e.g. sodium
10 hydroxide} to the amide intermediate in solvent (preferably an alcohoi such
as ethanol) at a low temperature (typically 0 °C). This mixture is stirred
and allowed to warm to ambient temperature and the reaction mixture is
slowly heated and held at reflux temperature (about 85 °C) for about 8
hours. The progress of the reaction can be monitored via gas
13 chromatography. The resulting sulfur containing fluoroalkyl amine in crude
form separates as a bottom layer and can be isolated, e.g. via a

separatory funnel.

One of the advantages of the formation of an amide intermediate of
the present invention, R—Q-~8~C(H){CHsz)—~(CHz)z+i1~-NR-C({O)-R, is that
20 the sulfur atom therein can be selectively oxidized while the acyl group -
C(O}-R is remains unoxidized thereby forming a sulfur oxide intermediate
represented by R~Q—S(O)~C(H):{(CHa)~(CHz)z+4.1~-NR~C{O)-R wherein
xis 1 or 2. The sulfur oxide intermediate can then be subjected to
deacylation to convert the amide group, NR-C(O)-R, into an amine group,
25  -NHR, thereby resulting in a sulfur containing fluoroalkyl amine wherein
the sulfur thereof is oxidized. Previously known methods do not form any
intermediate wherein the sulfur atom thereof can be selectively oxidized.
In contrast o the present invention, previously known methods oniy make
compounds wherein both a sulfur group ~S~ and an amine group ~NHR
30 (Rischosen from H or a Gy to Cy4 alkyl, preferably methyi, and most
preferably H) are present thereby rendering the selective oxidation of the



PEN-HO=Y1-1 a)0Oen:E .4-'Eo_0a-IoN1I#10P-11 H

WO 2009/073592 PCT/US2008/085100
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sulfur group impossible because of the potential oxidation of the amine
group.

Accordingly, it was previously unknown how to make a sulfur
containing fluoroalkyl amine of the present invention represented by R-—-Q—
S(O)—CHz—~C(H){CH3)—(CHz)p.1-NH2 wherein:

Ry is chosen from a Co—~C13 perfluoroalkyl provided that: i) one fluorine
atom of the perfluoroalkyl can be optionally replaced by hydrogen, and/or
ii) the perfluoroalky! can be optionally interrupted by at least one oxygen,
methylene, or ethylene;

Q is chosen from the group consisting of a Co~C1z hydrocarbylene
optionally interrupted by at least one divalent organic group; and

Xistor2;

zisOort;

iis 1or2,]jis 0or1; provided that i+j=2.

It was also previcusly unknown how {0 make isocyante and
isothiocyante derivatives of the sulfur containing fluoroalkyl amine of the
present invention, said isocyante and isothiocyante derivatives
represented by Re-Q~S(0)~C(H){CHs)~(CH2)zr1-N=C=X" wherein:

X'isOors§;

Ry is chosen from a Co~C1p perfluoroalkyl provided that: i) one fluorine
atom of the perfluorcalkyl can be optionally replaced by hydrogen, and/or
ii} the perfluoroalkyl can be optionally interrupted by at least one oxygen,
methylene, or ethylene;

Q is chosen from the group consisting of a C~C;, hydrocarbylene
optionally interrupted by at ieast one divalent organic group; and

xisTor2z;

zisOor1;

fis1or2,jis 0or1; provided that i+j=2.

Isocyante and isothiocyante derivatives of the sulfur containing
fluoroalkyi amine of the present invention can be made be made by any
suitabie process which converts a primary amine group (-NH3) to an



Thiol #2 Thiol #3 'HO-(0)0-HN-21-10-tHO-S-q’HOWd0)JO
OF3(CF2)5(0H2)2S-CH2-CH2-N(OH3)-C(0)-0H3 0F3(CF2)5(CH2)2S-CH(CH3)-N(C H3 )-C(0 C H3
H-(0)0-HN-41-10-%0-S-THOWdO)s.d0  H-(0)0-HN'HO'HO-Sq'HOYfgJO)OTADYJO
H-(0)0-HN-¥0ZAGEEHOY IJO'HO'CAO)cdO PCT/US2008/085100

isocyanate group (-N=C=0) or iscthiocyante group (-N=C=S8). An
example of a method of converting a primary amine group (-NH.) to an
isocyanate group (-N=C=0) may be found in Kormnek et al. (DE10108543)
consistent with the following feaction scheme: RpCH2CHy-S-CHoCHp-

5  NH: + EtOC(O)Cl + ClsSiMe + 2 NEf; = Re-CHoCH2-S-CHCHo-N=C=0 +
EtOSi(Me)Clz + 2 EtsNHCI. An example of a method of converting a
primary amine group (-NHa) to an isothiocyante group (-N=C=S) may be
found in J. Org. Chem. 1956, 21, 404-405 consistent with the following
reaction scheme: Ry-CH2CH2-S-CHCH2-NH;z + CS;, + EtOC{O)CI + 2 NE#;

10 2 Rr-CH2CH2-S-CHCH,-N=C=8 + COS + EtOH + 2 EtsNHCI.

Examples

Table 1 below shows the fluoroalky! thiols used throughout the
examples numbered as Thiol #1, Thiol #2, and Thiol #3. Table 2 below
shows amide intermediaies made from the thiols in Table 1. Table 3

15  shows sulfur oxide intermediates made from the amide intermediates of
Table 2. Table 4 shows sulfer containing fluorinated amines made from
the amide intermediates or sulfur oxide intermediates which are labeled
Fluorinated Amine #1, Fiuorinated Amine #2, Fluorinated Amine #3, and
Fluorinated Amine #4. Table 4 also shows a sulfer containing fluorinated

20  amine salt labeled Filuorinated Amine Salt #1. Table 4 further shows
isocyante and isothiocyante derivatives which respectively labeled
Fluorinated isocyanaie #1 and Fluorinated Isothiocyanate #1.

10



Amide Intermediate #1A Amide Intermediate #113(*) Amide

v-7 CF3(CF2)5(CH2)2-S-CHi-Ct-N

Intermediate #10 Amide Intermediate #1 D LAmide Intermediate #2 Amide Intermediate #3

PCTAUS2008/685100

WO 2009/873592
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EHDH{O)D-(EHOIN-(PHDIHO-SHEHDINC 404D

Intermediate #1A " Amide Intermediate #10 ' Sulfur oxide intermediate #1A* Sulfur oxide intermediate
#1B Amide Intermediate #2 " Amide Intermediate #3 Fluorinated Amine #1 Fluorinated Amine #1

Structure CPERORYBIERR)2-S-0H2-0H2-NH2 ?1-1N-9-10-HO0-(0)S-THORGAKIHAS/085100

Intermediate used to make product Amide Intermediate #1A * Amide Intermediate #1C * Amide
q1N-4E10-4HD-q0)S-6CHONZ,20)cd0
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%1N-H0-9-13-sq*Ho)4(4do)oTdo)Edo 10 [,c1-1N-?1-10-HO-SWHOYJOHOECAO)EdO1
0=0=N-1-10-HO-S-z(HOPCJOYAO CF3(CF2)5(CH2)2-S-CH2-CH2-N=C=S Product Fluorinated
Amine #1 Fluorinated Amine #2 Fluorinated Amine #3 Fluorinated Amine #4 Fluorinated Amine Salt #1
Fluorinated ¥83paHat&s#2 Fluorinated Isothiocyanate #1 X r PCT/US2008/085100

Made from oxidation of Amide
Amide Intermediate #1C
Amide Intermediate #1C

intermediate

le
CF3(CF2)s5(CH2)2-S(0)-CH2-CHy-NH-C(O)-
CF3(CF2)5(CH2)2-8(Q)2-CHz-CHy-NH-

Structure
C(O)-H

Sulfur oxide intermediate #1A
Sulfur oxide intermediate #1B

Suifur oxide intermediate
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96 OF Th11#1 Thiol #1 was 3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluoro-octane-1-thiol which was
made as follows. Under nitrogen thiourea (1.1 equivalents) and 1-iodo-2-perfluorohexylethane (1
equivalent) were added to a degassed 5mixture of dimethoxyethane (DME, 9 parts) and water (1 part).
The reactioW@i3KV87E8 held at reflux temperature for 8 hours. Most of & URMEgRES1dIstilled off and
the distillation residue was allowed to cool to ambient temperature. Under stirring a solution of sodium
methoxide in methanol (1 molar, 1.1 equivalents) was added to the suspension. 10Degassed water
was added to the mixture. Thiol #1 was collected quantitatively as the fluorous bottom layer. The
spectroscopical data for the product were in agreement with those published elsewhere (J. Fluorine

Chem. 1985, 28, 341 -355 and J Fluorine Chem. 1989, 42, 59- 68). 15Thiol #2 Thiol #2 was
3,3,4,4-tetrafluorq-4-heptafluoropropyloxyibutane-1- thiol which \was ﬁnade as follows.
b a i
1,1,1,2,2,3,3-hépgafluoro-3-[(1,2,2- trfluorpethenyl)oxy]-propane (avajlable from E. |. du Pont de
o * ¥, | . .
Nemours and Cofpany as PPVE) was reacted|wath iodine monpchloride and 20subsequently treated
with boron trifluofde;te furnish 1,1,1,22,3,3% | % 2
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heptafluoro-3-[(1-iodo-1,1,2,2-tritluoroethenyl)oxyl-propane (US5481028A).
1,1,1,2,2,3,3-Heptafluoro-3-[(1-iodo-1,1,2,2- trifluoroethenyl)oxy]-propane was then reacted with
ethylene in the presence of a peroxide initiator to yield 1,1,2,2-tetrafluoro-1-(1,1,2,2,3,3,3- 2
Sheptafluordproiididi4-iodo-butane (US20080113199A1). Under nitro&A/¥ROIREFTAC1 equivalents)
and 1,1,2,2-tetrafluoro-1-(1,1,2,2,3,3,3- heptafluoropropyloxy)-4-iodo-butane were added to degassed
1,4- dioxane. The reaction mixture was heated at reflux temperature for 8 hours. The dioxane was
distilled off dnebthd distillation residue was 30 allowed to cool to ambient temperature. Under stirring,

a thoroughly degassed solution of sodium hydroxide in methanol and water 1:1 (1 molar, 1.1
equivalents) was dduieldtfowiae SukpehBibre. 4 e mbiktdréridecahautedsens-5¢h®lfor 5 hours. Additional

degassed wiesnaasadded 1 RedmuRdEhialBeanan ealiested auanitatvaly axthe fluorous bottom
layer and purified via distillation. NMR of Thiol #2 was obtained as follows. 1H-NMR (CDCI3): 1.60 (t,

J = 17 Hz, THoam?-peiBueroaxyiettrnn£) eagaqienwerspdsed ip @ g89assethiol #3 was
3,3,5,56,6, fik®i® Slunsrepndipstrastamavittiglamsichnyasmeagde gsfollows. Under nitrogen,

potassium thioacetate (1.1 10equiyalents) was added to a solution of
1,1,1,2,2,3,F3A4EN é%%ﬁﬁ)ﬂ?@% ISP PR SV ATShAH T HMOFHES fBSction mixture was
stirred at SMOKE Svheulistilldwcinavihs istitgeourdéiuve duced press usecoldhéodistillation residue was

dissolved in | 1/0.1,mal d treated with hydrochloric acid (37 w//0 in water, three fold
excess). Adaﬁgr%ﬁf%’g c?é%g%}sus%d v%%é%}gg%ge%)%' neééﬁﬁ(?u'r%m'lfﬂ%ﬁ.'g l(\j/\?a’sn collected as the
fluorous bomtegHhRI@I{ Amdopanifiet agaiviahigjoradiatiteast Phiot 48 spaswibrained as follows. 1H-NMR

(CDCI3): 1-5_@55559@(1%@9'&/6%@30@&tg'ﬂugr%&@?@)fl?h%}W\p}lf_%?gf%ﬁlé%%énd CF2CH2CF2). 20Table

1 The following table shows the th ols that were made above.
quantitatively as the fluorous botiom layer.

The spectroscopical data for the product were in agreement with
those published elsewhere (J. Fluorine Chem. 1985, 28, 341 — 355 and
J. Fluorine Chem. 1989, 42, 58 — 68).

15 Thiol #2
Thiol #2 was 3,3,4,4-tetrafluoro-4-heptafluoropropyloxy-butane-1-

thiol which was made as follows. 1,1,1,2,2,3,3-heptafluoro-3-[(1,2,2-
trifluoroethenyl)oxy]-propane (available from E. |. du Pont de Nemours and
Company as PPVE) was reacted with iodine monochloride and

20  subsequently treated with boron trifluoride to furnish 1,1,1,2,2,3,3-
heptafluoro-3-[(1-iodo-1,1.2,2-trifluoroethenylloxyl-propans
(US5481028A). 1,1,1,2,2,3,3-Heptafluoro-3-[(1-iodo-1,1,2,2-
trifluoroethenyljoxyl-propane was then reacted with ethylene in the
presence of a peroxide initiator to yield 1,1,2,2-tetrafluoro-1-(1,1,2,2,3,3,3-

25  heptafluoropropyloxy)-4-iodo-butane (US20080113199A1). Under
nitrogen, thiourea (1.1 equivalents) and 1,1,2,2-tetrafluoro-1-(1,1,2,2,3,3,3-
heptafluoropropyloxy)-4-iodo-butane were added to degassed 1,4-
dioxane. The reaction mixture was heated at reflux temperature for 8
hours. The dioxane was distilled off and the distillation residue was

30  allowed to cool to ambient temperature. Under stirring, a thoroughly
degassed solution of sodium hydroxide in methanol and water 1:1 (1
molar, 1.1 equivalents) was added to the suspension. The mixture was



Procedure for Amide Intermediate Synthesis When amide intermediate synthesis was used to make a
chosen 25amide intermediate in the examples below, amide intermediate synthesis was conducted in
the following manner. All amide intermediates in the examples were made according to the following
procedure. X 93Md#38Y0ne equivalent of a chosen thiol, one equivalentSTAEHISERSA Y inylamide,
and 0.04 parts (mol equivalents) VAZO 64 (available from E. I. du Pont de 30Nemours and Company
of Wilmington, Delaware, USA) in inhibitor-free tetrahydrofuran (THE) was slowly warmed to 65 C. At
about 45 Clmategathefrb @ Cuived, inareasiagithmzedeteaseinpatatuwestadigdte70 C. The reaction

was stirred g6 yaU FORINI'G sonsumIPD SR uasjodisdasdgifrmined by gas

chromatography-mass spectrometry onitoring Tor 5 hours. mide Intermediate #1A

Amide Inter@yafianspuaiods R-fstatiang, HK1B 6f717ig #Bwas obtained as

tridecafluorgsgghdsulfanyl)-ethyl]-acetamide which was made using amide intermediate synthesis

wherein Thiol #1 was the chosen thiol and Nvirrll)r/kl_gcetamide was the chosen N-vinylamide. All volatiles
[

were rémoved '?HMM@P@@B&@%%és‘ﬁr@tH% (Plhe 2ésindt ¢fdde hide fredof its regioisomer as
a light orange gt NMBRIf Amide Intermediate #1A was obtained as follows. 1H-NMR (CDCI3): 1.98 (s,
3H, COCH3), 2.36 (m, 2H, OF20H2), 2.70 (m, 4H, CH2SCHZ2), 3.43 (m, 2H, CH2N), 5.98 (s, br, 1H,
NH). 5Amidﬁ1|i§}2_[§nediate #1B Amide Intermediate #1B was an isomer mixture of N-methyl-N42-
(3,3,4,4,5,576,9,7,7,8,8,8-tridecafluoro-octylsulfanyl)-ethyl]-acetamide (I) and
(R,S)-N-methyl-N-Thips Baas 3 b 657670678/ S hidecadeerduetprsifang 1)-18iay1]-acetamide (1) which

was made ygifih RiIs3QERIBRdiAe BribiesitoyBRreBddiRlHimardsslhpsen thiol and N-vinyl-

10  equivalents) was added to a solution of 1,1,1,2,2,3,3,4,4,6,6-undecafluoro-
8-iodo-octane (1 equivaient) in THF. The reaction mixiure was stirred at
50 © for 5 hours. The THF was removed under reduced pressure. The
distiliation residue was dissolved in methanol (25 mL/0.1 mol} and treated
with hydrochloric acid (37 w/% in water, three foid excess). Additional

15 degassed water was added to the mixture., Thiol #3 was collected as the
fluorous bottom layer and purified via distillation. NMR of Thiol #3 was
obtained as follows.
'H-NMR (CDCls): 1.55 (s, br, 1H, SH), 2.32 (m, 2H, CF,CH,), 2.74 (m, 4H,
CH»8 and CF2CHCF2).

20  Table 1
The following table shows the thiols that were made above.
Thiol #1

Procedure for Amide Intermediate Synthesis

When amide intermediate synthesis was used to make a chosen
25 amide intermediate in the exampies below, amide intermediate synthesis
was conducted in the following manner. All amide intermediates in the
examples were made according fo the following procedure. A solution of
one equivaient of a chosen thiol, one equivalent of a chosen N-vinylamide,
and 0.04 parts {mol equivalenis) VAZO 64 (available from E. |. du Poni de
30 Nemours and Company of Wilmington, Delaware, USA) in inhibitor-free
tetrahydrofuran (THF) was slowly warmed to 65 °C. At about 45 °C an

16



N-methyl-acetamide was the chosen N-vinylamide. All volatiles were removed under reduced pressure
to furnish crude Amide Intermediate #1B as a mixture of regioisomers of | and 11(3:2) as a light
orange oil. The crude Amide Intermediate #1 B was about 99% pure and was suitable for further use
without furtiEPBFEEREN. The isomers were not separated. NMR of AnR§a /Fieesesitte #1B was
obtained as follows. 1H-NMR (CDCI3): (1): 1.98 (s, 3H, COCH3), 2.35 (m, 2H, CF2CHZ2), 2.68 (m, 4H,
CH2SCHZ2), 2.96 (s, 3H, NCH3), 3.47 (m, 2H, CH2N); (Il): 2.03 (s, 3H, 000H3), 2.35 (m, 2H, CF2CH2),
2.65 (M, SHeXOR2EH 2CtH2S A NdotaEING h802880ids, tBMphiGttd)p el (o7 FC CHN). Amide
Intermediat ] ermediate was N42-(3,3,4,45.5,6.6.7,7,8.8,8-.
tridecafluo_rj-@%&gﬁr?@rﬁyg%e%%%g%kﬁémgﬁﬁ ?&%\é,;%%n?g éuu@%d gr%‘i Eelr??e'?lmediate synthesis
wherein Thisegingigeigtbashdstenntinerapyigesichifonanaidehyasahe shessoneivinylamide. All volatiles

were removggbm@rnggg%ﬁggpﬁ%%@lpg_furnish the desired amide as an off-white solid. NMR of
Amide Intermediate #1C was oObtained as follows. 1H-NMR (CDCI3): 2.33 (m, 2H, CF2CH2),

2.70 (m, 4HE CEZ ingééi.St9 g:ﬂi 101H, 3.42 (m, 2H, CH2N), 6.66 (s, br, 1H, NH), 8.12 (s, 1H, CHO).
Amide Thte i Intermediate #1D was 142-(3,3,4,4,5,5,6,6,7,7,8,8,8-
tridecafluoro-octylgulf ig]ilgpél rpyLrralidin-2-onevhich,w, i mide intermediate synthesis
wherein Thiol #1 ﬁaﬂ@%ﬁ% OSE#%IO%!\%C?V %Nﬁjlér?; pcy“%b‘ﬁc?ogn?eg %\/eggf thgé% ¢hosen N-vinylamide. All
volatiles welidraigibiera-oasuEndeathydssertatodernisichheegasindd amigesasidm off-white solid (Mp

64 C). NMR gt Anideinicrmediale idBivvagiaiaiged aslelaws, MR AEDCIS): 2.02 (m, 2H,
CH2CH2CH2), 2.37 (m, 4H, CF2CH2 and 20CH2C=0), 2.71 (m, 2H, SCH2CH2N), 2.77 (m, 2H,

CF2CH2 crp¥ipesieide wes hiashpserHVsoMemiden b viraties1vers 28MAaYePH, NCH2CH2CH?2).
Examptes lpAdBresatiepre<sbrlaw drhisrinaéesbdiratnertidevasnide free of its

regioisomer as a light orange oil. NMR of Amide Intermediate #1A was
obtained as follows.

"H-NMR (CDCl3): 1.98 (s, 3H, COCH3), 2.36 (m, 2H, CF2CHy), 2.70 (m,
4H, CHoSCH2), 3.43 (m, 2H, CHoN), 5.98 (s, br, 1H, NH).

15 Amide infermediate #1B

Amide Intermediate #1B was an isomer mixture of N-methy!-N-[2-
(3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafiuoro-octylsulfanyt }-ethyl]-acetamide (1}
and (R,S)-N-methyl-N-[1-(3,3,4,4,5,5,6,8,7,7,8,8,8-tridecafluoro-
octylsulfanyl)-ethyl]-acetamide (H) which was made using amide

20 intermediate synthesis wherein Thiol #1 was the chosen thiol and N-vinyl-
N-methyi-acetamide was the chosen N-vinylamide. All volatiles were
removed under reduced pressure to furnish crude Amide Intermediate #1B
as a mixture of regioisomers of | and Il (3:2) as a light orange oii. The
crude Amide Intermediate #1B was about 99% pure and was suitable for

N2
%3

further use without further purification. The isomers were not separated.
NMR of Amide Intermediate #1B was obtained as foliows.

"H-NMR (CDCis): (1): 1.98 (s, 3H, COCHs3), 2.35 (m, 2H, CF2CHa), 2.68 (m,
4H, CH,SCHy), 2.96 (s, 3H, NCHa}), 3.47 (m, 2H, CH2N); (1): 2.03 (s, 3H,
COCHS3), 2.35 (m, 2H, CF2CH2), 2.865 (m, 8H, CF.CHCH.S and CHCHS),
30 2.80 (s, 3H, NCHa), 3.43 (m, 1H, CHN).
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25(3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluoro-octylsulfanyl)-ethylamine and was made by the deacylation of
an amide intermediate as indicated. The NMR obtained in the examples below for Fluorinated Amine
#1 is represented as follows. 1H-NMR (CDCI3): 1.28 (br, 2H, NH2), 2.38 (m, 2H, CF2CH4,
2.65 (m, 2HY3DBEIIF2.73 (m, 2H, CH2S), 2.89 (m, 2H, CH2N). 1H-NWKI(CIASR$6)9 1.46 (br, 2H,
NH2), 2.48 (m, 2H, CF2CH2), 2.58 (m, 2H, SCH2), 2.72 (m, 4H, CH2S and CH2N). 13C-NMR
(CDCI3): 22.3 (s, CH2S), 32.1 (m, CF2CH2), 35.8 (s, SCH2), 40.5 (s, CH2N). 5Procedure for Acid
Catalyzed Deacvlation When acid catalyzed deacylation was used to make a chosen fluorinated

amine in th id catalyzed deacylation was conducted in the following manner.
Concentrat% aem §n%'lj%/¥e 1 ution (37.5 w/% in water, five to six-fold molar excess) was added to
a 10solution of ong geuvalERhekRERPRENADING Jniermediats ineshanol 3L 0 C. The reaction mixture

was allowed to warm to ambient temperature while being stirred. After the initial foam formation

ceased the FRRIRTHARXRFYIGESRIGIN LRI aRHdgand i iASIaeD /I8 TUES hours at about 85

C. The progresseidize-repetieRivas Senitpresl ¥ipvrasiehramatagranindpon complete conversion,
the pH of the scigtion was brought to 8-10 by carefully adding aqueous sodium hydroxide solution. The

chosen fluof X BATIRE VAT HE RPRE: pPAXIME RS he HbHIA 65 &YIRASMRVRDlated as a brownish
slightly viscanedieidudedepsepanatonyfiumseltiEndesiue cusighascawasiawtircirigvith diethyl ether.
The re5|dui\g\ggfgpgr%{é%q&%%rgoéﬂb%e#wﬁsvggsﬁlﬁ%?g }9’%@, %ﬁ&wtlal first crop. The chosen fluorinated

amine in crude form was was water and dried"dsing mo Lular sieves (4 A) and was purified
by distillatiorrtdbiitiG Rl aloti8sd tigud il BeGH 5%/ jiéid, ad-kiGer3Cttiprde38 sulid or pail yellow
liquid.,25 Exampled#d, »nFQIipate@dAming #lwasmade by t i talyzed deacylation of Amide
Intermediate #1A. E)@r’nplé #2 i Fluorinated Amg;\e' #1 ¥’aﬂﬁm§de y the acid catalyzed

deacylation
y Amide intermediate #1D

Amide intermediate #1D was 1-{2-(3,3,4,4,5,5,6,6,7,7,8,8,8-
tridecafluoro-octylsulfanyl}-ethyll-pyrrolidin-2-one which was made using
amide intermediate synthesis wherein Thiol #1 was the chosen thiol and

15 N-vinylpyrrolidone was the chosen N-vinylamide. All volatiles were
removed under reduced pressure {o furnish the desired amide as an off-
white solid (Mp 64 °C). NMR of Amide Intermediate #1D was obtained as
follows.

"H-NMR (CDCls): 2.02 (m, 2H, CHzCH:CHy), 2.37 (m, 4H, CF,CH; and

20 CHyC=0), 2.71 (M, 2H, SCH,CH.N), 2.77 (m, 2H, CF,CH, CH,S), 3.41
(m, TH, 3.42 (m, 2H, SCHCHzN), 3.48 (m, 1H, 3.42 (m, 2H,
NCH,CH2CHy).

Exampies 1-4

in examples 1-4 below, Fluorinated Amine #1 was 2-
25  (3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluoro-octyisulfanyl }-ethylamine and was
made by the deacylation of an amide intermediate as indicated. The NMR
obtained in the examples below for Fluorinated Amine #1 is represented

as follows.

"H-NMR (CDCls): 1.28 (br, 2H, NHy), 2.38 (m, 2H, CF,CH,), 2.65 (m, 2H,
30 SCHg), 2.73 (m, 2H, CH,S), 2.89 (m, 2H, CH2N).
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300f Amide Intermediate #1C. Procedure for Base Catalyzed Deacvlation When base catalyzed
deacylation was used to make a chosen fluorinated amine in the examples below, base catalyzed
deacylation was conducted in the following manner. An aqueous solution of sodium 5hydroxide (five
equivalents)¥a38HHESTo one equivalent of the chosen fluorinated aminBCR/EgabienHEIEperature and
the mixture was slowly brought to reflux temperature. After about 8 hours of reaction time, the chosen
fluorinated amine in crude form separated as the bottom layer and was isolated as a brownish slightly
viscous liquithheviRsEpdBDedy)funse (Kt Ry atHyRShed (itewatk i, friedaising molecular sieves (4

A). The cho [ ing ingrude.fo purified by distillation and obtained as a colorless
e 22 Charh Senee ey

liquid in 80 t0 9 rless solid df a pail yellow liquid. Example #3 15Fluorinated
Amine #1 wgs made by the base catalyzed deacylation of Amide Intermediate #1A. Example #4
Fluorinated A%‘i’ﬂg’ﬁl(&fagﬁié%%%ﬁr&b@e%ﬂafﬁe@%@&)l&éﬁ 6t ARide) 14 fnediate #10.
20Sulfur oxige dermediate #1A Sulfur oxide intermediate #1A was N.-R-(3,3,4,4,5,5,6,6,7,7,8,8,8-
tridecafluoro-octane-1-sulfinyl)-ethylPformamide which was made by oxidation of Amide Intermediate

#10 as E@"QW&)(J@MQF%QSP%?&H%QSI?%Q %% i% Ygggehr 1.1 mol equivalents_) was added to a solution of
one 25equi nol at 0 C. The reaction
When acid catalyzed deacylation was used to make a chosen

fluorinated amine in the examples below, acid catalyzed deacylation was
conducted in the following manner. Concentrated hydrochloric acid
solution (37.5 w/% in water, five to six-fold molar excess) was added to a

10 solution of one equivalent of a chosen amide intermediate in ethanot at
0 °C. The reaction mixture was allowed to warm to ambient temperature
while being stirred. After the initial foam formation ceased the reaction
mixture was slowly heated and held at reflux temperature for 5 hours at
about 85 °C. The progress of the reaction was monitored via Gas

15  Chromatography. Upon complete conversion, the pH of the solution was
brought to 8-10 by carefully adding aqueous sodium hydroxide solution,
The chosen fluorinated amine in crude form separated as the bottom layer
and was isolated as a brownish slightly viscous liguid via a separatory
funnel. The agueous phase was extracted with diethyl ether. The residue

20 ofthe dried ether phase was combined with the initial first crop. The
chosen fluorinated amine in crude form was washed with water and dried
using molecular sieves (4 A) and was purified by distillation to obtain a
colortess liquid in 80 to 95% vyield as either a colorless solid or pail yeliow
tiguid.

we
(62

Example #1

Fluorinated Amine #1 was made by the acid catalyzed deacylation
of Amide Intermediate #1A.

Example #2

Fluorinated Amine #1 was made by the acid catalyzed deacylation
30  of Amide Intermediate #1C.
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mixture was allowed to warm to ambient temperature while being stirred. The progress of the reaction
was monitored via Gas Chromatography. Upon complete conversion (5 hours) any excess peroxide
was destroyed by adding a solution of sodium sulfite (negative peroxide test). The 30ethanol was
distilled off; YHé H#&idt9%as washed with water and dried in vacuum. ThRCSEHIPEAIEE thtermediate #1
was obtained quantitatively as a colorless solid. Mp 179 C. NMR of Sulfur oxide intermediate #1A was
obtained as follows. 1H-NMR (CDCI3): 2.59 (m, 2H, CF2CH2), 2.93 (dm, J = 170Hz, 2H, 5
SOCH2CHAY)c2hfq oy Ads€ E2GH28HDREyBidh(m, 2H, CH2N), 6.50 (s, br, 1H, NH), 8.19 (s, 1H,
CHO). 13C-NMR Spectrum of Sulfur oxide intermediate #1A could not be obtained due to its
insufficient solubil¥yhabfassneaislyzrg aisiecyaiieranas ssveisTskfd ¢xvseintermediate #1B
10Sulfur oxigdgHusieaesiaie i BwesdMAeSrabd: bak edidB&i%ieacylation was

tridecafluoro-octane-1-sulfonyl)-ethylpormamide which was made by oxidation of Amide Intermediate

#10 as folloFEI N SR HBIURHIRY {RGEETte 0. 6T QRS AP sHERIYRosphonate (0.01
equivalentshyanskideqieetin asrronue Rigetiate dROdeariaieptshindhydeggen peroxide 15(35

wP/0 in water, 2.2 ivalents) was, prepared. This solytjon was slowly added to a solution of one
eivalont SLRT B AR et PSS S IR TR BN R s alomod 6 warm (0
ambient tenbpaughire aafithemineate¢o B0IE nltvkat Beog stioferdadtie dtogrebs of the reaction was

' d vi h .U | ' id
destroyed B3 g A o B R e B P T o1 v removed
under reduséespreiRiad a¥ lacorenidise wlighilvassedusitiyuiciiee ansedaeaidry\iaooam. Sulfur oxide
intermegiatq 13 Was AR AN AR RS AGHIBTRERS UM ARG GNMR of Sulfur oxide

intermediate #1B was 250btained as follows. . o
chosen fluorinated amine in crude form was purified by distiliation and

obtained as a colorless liquid in 80 to 95% vield as either a colorless solid
or a pail yellow liquid.

Example #3

15 Fluorinated Amine #1 was made by the base catalyzed deacylation
of Amide Intermediate #1A.

Example #4

Fluorinated Amine #1 was made by the base catalyzed deacylation
of Amide Intermediate #1C.

20 Sulfur oxide intermediate #1A

Suifur oxide intermediate #1A was N-[2-(3,3,4,4,5,5,6,6,7,7.8,8,8-
tridecafluoro-octane-1-sulfinyl)-ethyli-formamide which was made by
oxidation of Amide Intermediate #1C as follows. Hydrogen peroxide (35
w/% in water, 1.1 mol eguivalents) was added to a solution of one

25  equivaient of Amide intermediate #1C in ethano! at 0 °C. The reaction
mixture was allowed to warm to ambient temperature while being stirred.
The progress of the reaction was monitored via Gas Chromatography.
Upon complete conversion (5 hours) any excess peroxide was destroyed
by adding a solution of sodium sulfite {(negative peroxide test). The

30 ethanol was distilied off; the residue was washed with water and dried in
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1H-NMR (0D013): 2.62 (m, 2H, CF2CH2), 3.28 (m, br, 4H, CH2S02CH2), 3.83 (m, br, 2H, CH2N),
6.25 (s, br, 1H, NH), 8,19(s, 1H, CHO). 13C-NMR (CDCI3): 22.3 (s, CF2CH2), 33.3 (s, CH2N), 43.4 (s,
S0O2CH?2), 51.6 (s, CH2S02), 161.7 (s, CHO). Example 5 Fluorinated Amine #2 was

(3,3,4,4,5,5 88 PR/AE & tridecafluorooctane-I-sulfiny1)-ethylamine whiclPGEESar4818861p¢cid catalyzed
deacylation of Sulfur oxide intermediate #1k After acid deacylation, the crude Fluorinated Amine #2
was filtered, washed with water, and dried. The drying step is important because Fluorinated Amine #2
forms addueescwittn batrepBlgiup mtiteaintemeeiateié Soleenibtaesponiiyelya fridigr) was removed from

the filtrate UQ@S[OE%%%&,H'V qg@?ﬁ tmﬂﬁ%pg YRS Y gpn%grv%% !Wat nd dried in vacuum.

Fluorinated Amine #2 was 10obtained gquanti ativel y as a colorless Sofd 3 0 C. NMR of
Fluorlnatedqmﬁﬁ?@ﬁ#z@\f@ﬁ%amed as follows. NMR analysis was performed on crystals obtained from

dimethoxyetp,aﬂm(:p ith-the &,ﬂ,t 293 dm“j -NMR(DMBO-d6): 2.59 (m, 2H,
% @g ﬁo 2.98 (m,

CF2CH2), 2,80 (m, 2H. CH2N), 2 D) SH-CH2S0). Example 6
Fluorinated #n% %@Wés%gé ?4?415@%@,’*2,@*@%@t é’ﬂhé’ﬁéo@ﬂéﬁ‘é)alas‘i@fbﬁyl) -ethylamine

which was madeibagic catatyzad dpqa;gylatlon of Sulfur oxide intermediate #1B as follows. Example 5

was 20dupligat ulfur oxide intermediate #1B w s used jnstead of Sulfur oxide intermediate
#1A. Fluonna@ Wﬁfﬁ %??’WHQ%H?HEB%H IEIIRRINPIR Al Cotib 8ot ORig1R8E0 C. NMR (in

CDCI3) andilie &méaty sisuifasape otubiidyonasrystatsrabiaingth sesudinetiwsyetiase (DME) with the
following results. 251H-NMR (CDCI3): 1.76 (br, 2H, NH2), 2.68 (m, 2H, CF2CH?2), 3.14 (m, 2H,

CH2N), 3.28 (M 2HiSQREHR313%4m, 2H, CH2502), 3.63 (M, 4H, OCH3), 3.75 (M, 4H, OCH?2).
1H-NMR (DMSO-d6): 2.71 (m, 2H, CFZCH2), 2.97 (m, 2H, CH2N), 3.27 (m, 2H, SO2CH2), 3.52 (m,

2H, CH2504 13CMR é@@@l&)eﬂ'ﬂ@@e@ﬁ%@%@l\ﬁ@%&‘@ﬂ%§%,ﬂ? 8, $58 CH2N), 46.6 (s,
SOZCHZ) %r6 d%c gfu%rg %gta%%-?—%w%ny% ~ethyl]-formamide which was made by
oxidation of Amide Intermediate #1C as follows. A solution of sodium
tungstate (0.01 equivalents), phenyl phosphonate (0.01 equivalents), and
trioctyimethyl ammonium bisuifate (0.01 equivalents) in hydrogen peroxide
15 (35 w/% in water, 2.2 equivalents) was prepared. This solution was slowly
added to a solution of one eguivaient of Amide Intermediate #1C in
ethanoi at 0 °C. The reaction mixiure was allowed to warm to ambient
temperature and then heated to0 60 °C while being stirred. The progress of
the reaction was monitored via Gas Chromatography. Upon complete
20 conversion any excess peroxide was destroyed by adding a solution of
sodium sulfite (negative peroxide test). The ethanol was removed under
reduced pressure. The residue was washed with water and dried in
vacuum. Sulfur oxide intermediate #1B was obtained quantitatively as a
colorless solid. Mp 108 °C. NMR of Sulfur oxide intermediate #1B was
25  obtained as follows.

"H-NMR (CDCls): 2.62 (m, 2H, CF,CHy), 3.28 (m, br, 4H, CH,S0,CH,),
3.83 (m, br, 2H, CH2N), 6.25 (s, br, 1H, NH), 8.19 (s, 1H, GHO).

BC-NMR (CDCls): 22.3 (s, CF2CH,), 33.3 (s, CHuN), 43.4 (5, SO2CH,),
51.6 (s, CH2S02), 161.7 (s, CHO).
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IR Spectrum: 1070 cm-1 (sym. S02). Amide Intermediate #2 5Amide Intermediate #2 was
N-[2-(3,3,4,4-tetrafluoro-4- heptafluoropropyloxy-butylsulfanylyethylpformamide was made using
amide intermediate synthesis wherein Thiol #2 was the chosen thiol and N-vinylformamide was the
chosen N-viFiI2IE73A3E volatiles were removed under reduced pressur@¢3dfifHigtiotiestiesired crude
amide 10quantitatively with a purity of 97% as an off-white solid. Mp >250 C. 1H-NMR (CDCI3): 2.38
(m, 2H, CF2CH2), 2.77 (m, 4H, CH2SCH?2), 3.53 (m, 2H, CH2N), 6.88 (s, br, 1H, NH), 8.20s, 1H,
CHO). ExaraghempiEStluorinated Amine #4 was 2-(3,3,4,4-tetrafluoro-4-
heptafluoropropyloxy-butylsulfanyl1)-ethylamine which was made by acid catalyzed deacylation of
Amide Intermediafe #XINAAR Amitesie weas paddtrhedbdn @fSi8lé Soirdiesd fuone-dimethoxyethane

(DME) with 6'&?@@'—9‘-’@@!%9%@{@%%55Wi@h@@%dé'8? 4Ry %lélbaﬁli@’ 2.32 (m, 2H, CF2CH2), 2.65

(t, 2H, SCH2), 2.73 (m, 2H, CH2S), 2.92 (t, 2H, CH2N), Amide Intermediate #3 Amide
Intermediat&SEFWRLOR 99 38! Bisox I intermepimigdtbAfffteoesib draryefiethyiisformamide which was

made usingoaRi & linseraediale desypihasisnahar eifadhiel Rnvagithe £Rpgaadhiol and

N-vinylformamide was the chosen N-vinylamide, All volatiles were removed under reduced pressure to
furnish Ami ffﬁf@f%é?ﬁfé%‘%ﬁ?&ﬂﬂ%%@@ﬂ%ﬁtﬁ HR P 8TedE2RTBIR AR lid. Mp >250 C.
NMR of Amidénlbténnpetiatesi® was nbtaineticasfeliowsredpedtMEV(ORG4RY| 2v38(M, 2H, CF2CH2),

é::é)()m 6H’r§#§v%8'?!%r%%'e ill:t?a%_' gg&%)re%'gée%réys’u%%zrw ‘tf?élt'gs(%’u%rw%g’ NH), 8.19 (s, 1H,
washed with water and dried in vacuum. Fluorinated Amine #2 was
10  obtained guantitatively as a coloriess solid. Mp > 250 °C. NMR of
Fluorinated Amine #2 was obtained as follows. NMR analysis was
performed on crystals obtained from dimethoxyethane (DME) with the

following results.

"H-NMR (DMSO-ds): 2.59 (m, 2H, CF2GHy), 2.80 (m, 2H, CH2N), 2.88 (m,
2H, SOCHz), 2.98 (m, 2H, CHSO).

Ju)
ot

Example 6

Fiuorinated Amine #3 was 2-(3,3,4,4,5,5,6,6,7,7,8,8 8-tridecafluoro-
octane-1-sulfonyl)-ethylamine which was made by acid catalyzed
deacylation of Sulfur oxide intermediate #1B as follows. Example 5 was

20  duplicated except Sulfur oxide intermediate #1B was used instead of
Sulfur oxide intermediate #1A. Fluorinated Amine #3 was obtained
quantitatively as a colorless solid, mp >250 °C. NMR (in CDCl;) and IR
analysis was performed on crystals obtained from dimethoxyethane (DME)
with the following results.

25 "H-NMR (CDCls): 1.76 (br, 2H, NHy), 2.68 (m, 2H, CF2CHz), 3.14 (m, 2H,
CH:N), 3.28 (m, 2H, SO,CHy), 3.39 (m, 2H, CH2S03), 3.63 (m, 4H, OCH),
3.75 (m, 4H, OCH,).

"H-NMR (DMSO-ds): 2.71 (m, 2H, CF2CHy), 2.97 (m, 2H, CH,N), 3.27 (m,
2H, S0;CH2), 3.52 (m, 2H, CH250,).
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Example 8 Fluorinated Amine Salt #1 was 2-(3,3,5,5,6,6,7,7,8,8,8-
5undecafluoro-octylsulfanyl)-ethyl-ammonium chloride which was made by the deacylation of Amide
Intermediate #3 as follows. Concentrated hydrogen chloride solution (37.5 wr3/0 in water, five to
six-fold moldFeXeesilas added to a solution of one equivalent of Amid&ditesaiesiiaseos3 in ethanol
at 0 C. The reaction mixture was allowed to warm to 10ambient temperature while being stirred. After
the initial foam formation ceased the reaction mixture was stirred at 70 C for 5 hours. The progress of

the reaction'VGsiMBRIBDE: kia4 e COFTIENIBEhim Toe Ridmyneted AnaippiPalt #1 was isolated in
guantitative 'eéd(é)y rippi %ﬁl ti%a der,r g&liﬁ@?' ressure. 151H-NMR (MeOH-d4): 2.39 (m,
2H, CF2CH S% 81 ngl‘lg—#lzr} zé/s()getz (?é"n% gg;g , 3.05 (m, 2H, and CF2CH2CF2), 3.19 (m, 2H,
CH2N), Example 9 According to DE10108543(C1), Fluorinated Isocyanate #1 was

1,1,1,2,2,3, 55080 ficcamMbis SR8y anato-ethylsulfanyl)- 2 0 octane which was made as
follows. A solution of one equivalent of Fluorinated Amine #1(0.1 mol) and one equivalent of triethyl

amine (0.1 wolidie idigrtokeéaie (850 mL) is cooled to 0 C (ice bath). Ethyl chloroformate (0.11 mol) is
added dropwise within 20 min. The mixture, while stirring, was allowed to warm to room temperature.

A secofid 25equivAlifiTiestst iateife @t MdB-(S ddbiéddordwendy the dropwise addition of methyl
tichlorosilangdAamalbayaRy-A9.f(ALioR He BRRUAAdI DMk e Rixure was then heated to

100 C for 1 hour. After the mixture had cooled to_ambient temperature the precipitated ammonium

salts were fREVER BIETRIAIRAUYINS HVPrabul Ml EAwasdsogpRaRibiLamsky methyl
dichlorosilanewrgneehstiiesbaifzattBeRBER OV-vinylamide. All volatiles were

removed under reduced pressure 1o furnish the desired crude amide

10 quantitatively with a purity of 97% as an off-white solid. Mp >250 °C.

"H-NMR (CDCl3): 2.38 (m, 2H, CF,CHg), 2.77 (m, 4H, CH2SCHz), 3.53 (m,
2H, CHaN), 6.88 (s, br, 1H, NH), 8.20 5, 1H, GHO).

Example 7

15 Fluorinated Amine #4 was 2-(3,3 4 4-tetrafiuoro-4-
heptafiuoropropyloxy-butylsulfanyl)-ethylamine which was made by acid
catalyzed deacylation of Amide intermediate #2. NMR analysis was
performed on crystals obtained from dimethoxyethane (DME) with the
following results.

20 "H-NMR (CDCls): 1.92 (br, 2H, NHy), 2.32 (m, 2H, CF2CHy), 2.65 (¢, 2H,
SCHy), 2.73 (m, 2H, CH,S), 2.92 (t, 2H, CH:N).

Amide Intermediate #3

Amide Intermediate #3 was N-[2-(3,3,5,5,6,6,7,7,8,8,8-udecafluoro-
octylsulfanyl}-ethyl]-formamide which was made using amide intermediate
25  synthesis wherein Thioi #3 was the chosen thiol and N-vinylformamide
was the chosen N-vinylamide. All volatiles were removed under reduced
pressure to furnish Amide Intermediate #3 quantitatively with a purity of
97% as an off-white solid. Mp >250 °C. NMR of Amide Intermediate #3

was obiained as follows.
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The residue was dried in vacuum to furnish Fluorinated Isocyanate #1 in 95 A) yield as a light
red-brown liquid. NMR analysis yielded the following results. 1H-NMR (CDCI3): 2.34 (m, 2H,
CF2CH2), 2.73 (m, 4H, CH2SCH2), 3.45 (m, 52H, CH2N). 13C-NMR (CDCI3): 23.1 (s, CH2S), 32.1
(m, CF2CHXYORBPI38EH2CH2N), 40.5 (s, CH2N), 106- 121 (m, CF2) PEASAMSE0). Example 10
According to J. Org. Chem. 1956, 21, 404 - 405, Fluorinated 10Isothiocyanate #1 was
1,1,1,2,2,3,3,4,4,5,5,6,6-tidecafluoro-8-(2- isothiocyanato-ethylsulfanyl)-octane which was made as
follows. A sOHAIMR{ODE B EEIaNt BFHFINBEDRAKI2AMINe £HOCHaSW-arEhtivo equivalents of triethyl

cauivalents) WAL Al DR vAcs VAR 2D M The T W dToRabrm to ambient

temperature while stirring was continued for one hour. The reaction mixture was stirred for additional 8
hours at a erature. Toluene (200 mL) was added and precipitated solids were filtered of

Suffient purity or 1AHEF BOrNAEA T 0768 At NrS Snbiy i ilded the following resuls,
1H-NMR (ODGEafidH(atiisl BRAGEIRY-ATBnENihcITH RBCH)N 3vE8 thad2thyCH2N). 2513C-NMR
(CDCI3): 23fh]e (c?egdg’%‘ﬁ?ynsgf' }\meQE?engIa?fg '293(%B§&H%Q.Hé'c\)lp1’centrated

hydrogen chioride solution (37.5 w/% in water, five to six-fold molar

excess) was added to a solution of one equivalent of Amide Intermediate

#3 in ethanol at 0 °C. The reaction mixture was allowed to warm to

10 ambient temperature while being stirred. After the initial foam formation

ceased the reaction mixture was stirred at 70 °C for 5 hours. The

progress of the reaction was monitored via Gas Chromatography. The

Fluorinated Amine Salt #1 was isolated in quantitative yield by stripping all

volatiles under reduced pressure.

15 "H-NMR (MeOH-d4): 2.39 (m, 2H, CF2CHz), 2.81 (m, 4H, CH,S), 2.90 (m,
2H, SCHy), 3.05 (m, 2H, and CF,CH,CF), 3.19 (m, 2H, CHuN).

Example 9

According to DE10108543(C1), Fluorinated Isocyanate #1 was
1,1,1,2,2,3,3.4,4,5,5,6,6-tridecafluoro-8-(2-isocyanato-ethylsulfanyt)-

20 octane which was made as follows. A solution of one equivalent of
Fluorinated Amine #1 (0.1 mol) and one equivalent of triethyl amine (0.7
mol} in dry toluene {350 mL) is cooled to O °C (ice bath). Ethyl
chloroformate (0.11 mol) is added dropwise within 20 min. The mixture,
while stirring, was allowed toc warm {o room temperature. A second

25  equivalent of triethyl amine (0.1 mol) is added followed by the dropwise
addition of methyl trichlorosilane (0.12 mol) at 30 - 40 °C (addition time
about 20-30 min). The mixture was then heated to 100 °C for 1 hour.
After the mixture had cooled to ambient temperature the precipitated
ammonium saits were filtered off. Under steady N3 flow, both toluene and

30  generated ethoxy methy! dichiorosilane were distilled off at 200 mm Hg.
The residue was dried in vacuum to furnish Fluorinated Isocyanate #1 in
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45.0 (s, CH2N), 106- 121 (m, CF2), 133.4 (s, NCO). CLAIMS What is claimed is: 1. A fluoroalkyl
amine represented by the formula: Rf-Q-S(0)c-C(H),(CH3)J-(CH2)z+(j-1)-NHR 5Swherein: Rfis
chosen from a C2-C12 perfluoroalkyl provided that: i) one fluorine atom of the perfluoroalkyl can be
optionally relaeeBiAMzdrogen, and/or ii) the perfluoroalkyl can be opticHally#tes55188 by at least
one oxygen, methylene, or ethylene; 10Q is chosen from the group consisting of a C2-C12
hydrocarbylene optionally interrupted by at least one divalent organic group; and xis 1 or 2; zis O or 1,
i is 1 or 2,] 8%y graymlédhthati-HrayrahguiioitdR tratlydiepi¢idetiipeAaidyiagd R is H. 2. The
fluoroalkyl qggg Of claim 1 wherein i=1, j=1 and z=0. 20 3. A fluoroalkyl isocyanate or isothiocyanate
represented by the formula: 25Rf-Q-S(0)x-C(F)i(CH3)j(CH2)z+(i-1)-N=C=X1 wherein:

‘H-NMR (CDCls): 2.34 (m, 2H, CF,CHg), 2.73 {m, 4H, CH,SCHy), 3.45 (m,
5 2H, CHzN).

SC-NMR (CDCla): 23.1 (s, CH28), 32.1 (m, CF2CHoy), 35.8 (s, SCHCH:N),
40.5 (s, CHuN), 106 — 121 (m, CF5), 123.8 (s, NCO).

Example 10

According to J. Org. Chem. 1958, 21, 404 —~ 405, Fluorinated

10 isothiocyanate #1 was 1,1,1,2,2,3,3,4,4,5,5,6,6-tidecafluoro-8-{2-
isothiocyanato-ethylsulfanyl)-octane which was made as foliows. A
sofution of one equivalent of Fluorinated Amine #1 (0.1 mol) and two
equivalents of triethy!l amine (0.2 mol) in dry methylene chioride (200 mL)
was cooled to 0°C (ice bath). Carbon disulfide (1.3 equivalents) was

15  added drop-wise within 20 min. The mixture was aliowed to warm to
ambient temperature while stirring was continued for one hour. The
reaction mixture was stirred for additional 8 hours at ambient temperature.
Toluene (200 mL) was added and precipitated solids were filtered of
{Buechner). The solvents of the filtrate were removed in vacuum to

20  furnish the desired product in sufficient purity for further derivatization in

97% yield. NMR analysis yielded the following results.

"H-NMR (CDCla): 2.35 (m, 2H, CF2CHy), 2.78 (m, 4H, CH.SCHz), 3.68 (m,
2H, CHaN).

25 C-NMR (CDCla): 23.1 (s, CH,S), 32.1 (m, CF2CHy), 32.6 (s, SCHzCH:N),
45.0 (s, CHzN), 106 — 121 (m, CF2), 133.4 (s, NCO).



X1lisOorS; Rf is chosen from a C2-C12 perfluoroalkyl provided that: i) one fluorine atom of the
perfluoroalkyl can be optionally replaced by hydrogen, and/or ii) the perfluoroalkyl can be optionally
interrupted by at least one oxygen, methylene, or ethylene;  Q is chosen from the group consisting of
a C2-C12 hydrocarbylene optionally interrupted by at least one divalent organic group; and 5x iS 1 or
2:zis0or1;iis1or2,jis0or 1; provided that Ié]ﬁ_@ 4. The fluoroalkyl isocyanate or
isothiocyanate of claim 3 wherein i=1, 10 j=1 and z=0. 5. The fluoroalkyl isocyanate or isothiocyanate
of claim 3 wherdiffigbisistaipadzis:0. 156.Method for making a sulfur containing fluoroalkyl amine
comprising the steps of: a) reactin? a thiol represented by R1--Q-SH with a N-vinylamide represented

by H2C=CH-(CH2)y-NA-t45orlkyT ABUR S eIRIME S BYRe FRIGWE represented by
Rr-Q-S-C(H)1(CH3)HCF12)z+0-u-N -Ce:ég)-R wherei @F‘ cm from E({é{(—ClZ perfluoroalkyl
provided that: i) one fluorine atom of'%h‘ "&%B&f@éfk‘“&* %é‘ ﬁ“é‘ﬂ&}"r@ ed by hydrogen, and/or
i) the perfluoroallgl can be optionally 25interrupted by at least one oxygen, methylene, or ethylene; Q
is chosen from tf %ﬁ%ﬂp consisting of a C2-C12 hydrocarbylene optionally interrupted by at least one

divalent organic group; eachdsda iindlepe tiedly peoenrfraliyHoodded] thaiiptad fusrareinteger
chosen from O t%t%)ersﬁ of the perfluoroalkyl can be optionally replaced by hydrogen, and/or
i} the perfluoroalkyl can be optionally interrupted by at least one oxygen,
methylene, or ethylene;
10 Q is chosen from the group consisting of a C;—Ca, hydrocarbylene
optionally interrupted by at least one divalent organic group; and
xis1or2;
zisOort;
iis 1or2,jis 0or1;provided that i+j=2; and provided that when 1 is

15 2,zis0; and

Ris H.
2. The fluoroalkyl amine of claim 1 wherein i=1, j=1 and z=0.
20
3. A fluoroalkyl isocyanate or isothiocyanate represented by the
farmula:
25 R—Q—S(0),~C(H)}(CHa)~(CHz)z+(.1~N=C=X"
wherein:
X'isOorS;

R is chosen from a C.—~C+, perfluoroalkyl provided that: i) one fluorine

atom of the perfluorcalkyl can be optionally replaced by hydrogen, and/or
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30ziSO0to14;iis1or2,jis 0or1; provided that i+j=2; b)optionally reacting the amide intermediate
with an oxidizing agent to produce a sulfur oxide intermediate represented by
Rf-Q-S(0),-C(H),(CH3),-(CH2)z.e-ij]-NR-C(0)-R wherein x is 1 or 2; 5¢)subjecting the amide
intermediate or the sulfur oxide intermediate to deacylation to produce the sulfur containing fluoroalkyl
amine. 7. The nithsonsrBrenea vhersibmeriinng/idtibierswdadfotad 1BAs) ARecanyaRe amide

intermediate with, a.h eoro}(g{}lmng the amide intermediate with an acid, or Hi) reacting the
amide sulfoxide intermgdiéte with’an acid. 8. The method of claim 6 wherein i= =1 and z=1. 159.
The method of claim @ igreherenfrthaaiouwp consisting of a C~Csz hydrocarbylene

optionally interrupted by at least one divalent organic group; and
5 xis1tor2;
zisOor1,

iis 1or2,jis 0 or 1; provided that i+j=2.

4. The fluoroalkyl isocyanate or isothiocyanate of claim 3 wherein i=1,

10 j=1and z=0.

5. The fluoroatkyl isocyanate or isothiocyanate of claim 3 wherein i=2,
j=0 and z =0.
i5 6. Method for making a sulfur containing fluoroalkyl amine comprising

the steps of:

a) reacting a thiol represented by R—Q-SH with a N-vinylamide
represented by H,C=CH—(CH,),~NR-C(O)-R to produce an amide
20  intermediate represented by Re~Q—-S—~C(H){(CH3z)—(CH2)z+¢.1~NR~C(O)}-R
wherein:
Rs is chosen from a C~C+2 perfluoroalkyl provided that: i) one
fluorine atom of the perfluoroalkyl can be optionally replaced by
hydrogen, and/or ii) the perfluoroalkyl can be optionally
25 interrupted by at least one oxygen, methylene, or ethylene;
Q is chosen from the group consisting of a Co—C1; hydrocarbylene
optionally interrupted by at least one divalent organic group,
each R is independently chosen from H or a C4to C, alkyi;
y is an integer chosen from 0 to 16;
30 zis 0 to 14;
iis 1 or2,jis 0 or1; provided that i+j=2;
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15

b) optionally reacting the amide intermediate with an oxidizing agent to
produce a sulfur oxide intermediate represented by
Re~Q=S(0)~C(H)(CHs)—{(CH2)z+(4-1y-NR-C(O)-R wherein x is 1 or 2;

c) subjecting the amide intermediate or the sulfur oxide intermediate

to deacylation fo produce the sulfur containing fluoroalkyl amine.
7. The method of claim 6 wherein the deacylation is conducted by:
i) reacting the amide intermediate with a base, or
ii) reacting the amide intermediate with an acid, or
iii} reacting the amide sulfoxide intermediate with an acid.

8. The method of claim 6 wherein i=1, j=1 and z=1.

9. The method of claim 6 wherein i=2, =0 and z=0.
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